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a b s t r a c t

Active pharmaceutical ingredients (API) often crystallise in several forms with significant differences in
their physical properties. In pharmaceutical applications it is very important to be able to identify these
polymorphs during drug manufacturing and storaging, also quantitative information about polymorphs
is often required. Solid state 13C cross-polarisation (CP), magic angle spinning (MAS), nuclear magnetic
resonance (NMR) spectroscopy was utilised in studying polymorphisity of an API with two polymorphic
forms. Quantitative information was obtained from polymorphic mixtures, and a formulated product
was also studied in order to determine the possibility of distinguishing between the two polymorphs in
a low-dose formulation. Quantitative data was obtained using two methods: integration of signals from
the dipolar dephased spectra, and a chemometric method known as Direct Exponential Curve Resolution
Algorithm (DECRA). We concluded that the two polymorphs are easily identifiable based on their spectral
DECRA
differences. Quantitative results showed reasonable accuracy, and while identification of the polymorph
present in formulation was not possible, traces of the API are detectable in as low dosage as 0.7% by
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. Introduction

Small organic molecules typically exhibit polymorphism, i.e.
hey can crystallise in more than one form. These polymorphs may
how notable variation in their physical properties, including sta-
ility and processability. For pharmaceutical applications this is
f great concern. Knowledge of the precise crystalline form of an
ctive pharmaceutical ingredient (API) at all stages of the drug man-
facturing process and the effects of storage on the formulated
roduct are extremely important. Although high stability of the API
ay be desirable at the production stages, it may cause the drug not

o be soluble in the blood circulation, and therefore remain inactive.
conversion from one polymorphic form to another more stable

ne during storage may therefore have unfavourable effects for the
nd user of the drug.

Polymorphism of pharmaceutical compounds has been stud-
ed by a variety of methods (Bugay, 2001; Harris, 2006; Offerdahl,
006; Brittain et al., 1991; Stephenson et al., 2001) including X-

ay diffraction (XRD) and X-ray powder diffraction (XRPD) (Roberts
t al., 2002; Agatonovic-Kustrin et al., 2001; Kordikowski et al.,
001; Raghavan et al., 1993), differential scanning calorimetry
DSC) (Sheikhzadeh et al., 2006), and infra-red (IR) and Raman spec-
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troscopies (Patel et al., 2000; Gamberini et al., 2006; McMahon et
al., 1996). Of these methods, X-ray diffraction is the most common
tool for obtaining information about crystalline structures. Solid
state 13C cross-polarisation magic angle spinning (CPMAS), nuclear
magnetic resonance (NMR) spectroscopy has also become a stan-
dard method for analytical work in pharmaceutics, and quite many
studies have used 13C CPMAS NMR to study APIs, from basic char-
acterisation to more advanced experiments, often combined with
computational work and other spectroscopic methods (Smith et al.,
2006; Tozuka et al., 2002; Gervais et al., 2004; Yates et al., 2005).
The 13C solid state NMR spectrum of a sample can be considered a
fingerprint of that material. Structural and chemical changes of the
material can readily be observed by simple inspection of the spec-
trum due to sensitivity of the chemical shift values to alterations in
local environments of the nuclei. This makes solid state NMR spec-
troscopy an excellent tool for studying polymorphism. One benefit
of 13C CPMAS NMR spectroscopy is that the sample does not need
to be a single crystal. A high quality spectrum can also be obtained
from powder samples, and amorphous materials can be studied
as well (Gustafsson et al., 1998). Long measurement times, in some
cases several days, are a drawback of solid state NMR spectroscopy.

Although NMR spectroscopy is an inherently quantitative

method, the signal intensity from a given site is proportional to
the number of those sites in sample, several experimental aspects
need to be considered when measuring quantitative 13C spectra.
While this is also true for liquid state NMR spectroscopy, it becomes
essential with solid state NMR spectroscopy (Harris, 1985). The

http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
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Fig. 1. Chemical structure of API-X and numbering of carbon sites.

ross-polarisation step required to transfer the magnetisation from
bundant spins to rare spins, such as 13C, may distort the relative
ntensities. Also, determining the total intensity of signal from a
iven site by integration may be difficult due to overlapping broad
ines. A common strategy of treating the problem with quantitation
n solid state NMR spectroscopy is using a known amount of some
nternal standard (e.g. magnesium stearate) added to the sample
nder study (Harris et al., 2005), or to calculate a correction based
n cross-polarisation dynamics to the detected signal intensities
Gao, 1996). Deconvolution may be used for resolving overlapping
ines, although care must be taken since differences may exist in
he actual line shapes between sites. Spectra can often be simplified
y utilising some spectral editing in applied pulse sequence, as for

nstance dipolar dephasing that leaves only signals from quaternary
nd methyl carbons to be observed.

In this work we used solid state 13C CPMAS NMR spec-
roscopy to study the two polymorphs of an active pharma-
eutical ingredient 2-[[4-[(4R)-4-methyl-6-oxo-4,5-dihydro-1H-
yridazin-3-yl]phenyl]hydrazinylidene]propanedinitrile (referred
s API-X, CAS 141505-33-1, structure given in Fig. 1) designated
s X1 and X2, from which, to our knowledge, solid state NMR data
as not been previously published. Polymorphic mixtures of known
eight composition were analysed with the aim being to pro-
uce quantitative information about the mixture. A chemometric
ethod known as Direct Exponential Curve Resolution Algorithm

DECRA) has earlier been used to resolve spectrum from a mix-
ure into its pure components (Zumbulyadis et al., 1999), and here
ts capability of yielding quantitative information is examined. In
he case of this particular API methods for obtaining quantitative
ata are somewhat limited: DSC cannot be utilised for this purpose
ince no clear melting points for the polymorphs exist prior to their
ecomposition. There exists however a method based on XRPD that

s able to yield high precision quantitative data (personal commu-
ication). There are, however, difficulties associated also to XRPD
nalysis in some occations (Padden et al., 1999). 13C CPMAS NMR
s therefore an interesting comparative method, and its suitability
or study of this compound is to be tested here. As an addition to
uantitation of the polymorphic mixtures a low-dose formulation
f API-X was also examined in order to determine the possibility of
PI detection within the excipient matrix, and even identification
f the polymorph present in formulation.
. Materials and methods

The two pure polymorphic samples of API-X were provided by
rion Pharma. These samples were first characterised with XRPD
al of Pharmaceutics 394 (2010) 18–25 19

by the provider (data not shown here), and mean particle sizes for
X1 and X2 were determined (also by sample provider) with laser
diffraction to be 55 �m and 30 �m. From the two pure polymorphs
of API-X a series of mixtures was prepared, with X1 content varying
from ∼8% to ∼80%. No grinding was applied during preparation to
avoid conversion between polymorphic forms, only a careful stir-
ring until the mixtures were homogeneous. The formulated product
was provided in the form of tablets that were ground into a fine
powder. In the formulated product, API content was less than 1%
in a matrix consisting mainly of microcrystalline cellulose, other
components were alginic acid and stearic acid. Approximately
200–300 mg of sample was used for every measurement.

2.1. Solid state NMR measurements

All spectra were measured with a Varian Unity Inova 300 spec-
trometer with a magnetic flux density of 7.05 T, using Varian’s 7 mm
VT/CPMAS double resonance probe. To ensure adequate magneti-
sation transfer to quaternary carbons we chose a relatively long
cross-polarisation contact time of 4.5 ms for the pure polymorph
samples and their mixtures. Acquisition time in all measurements
was 50 ms, and spectral width was 50 kHz. A spinning rate of
5.5 kHz was used, to prevent the spinning sidebands present in the
spectra from overlapping with the center band. Although spinning
at a higher rate would improve the overall outlook of the spec-
trum by suppressing the sidebands, it could also induce conversions
from one polymorphic form to another (Lee et al., 1999; Zell et al.,
2000), and is therefore not preferable. All spectra were referenced
to tetramethylsilane (TMS) via the spectrum of hexamethylben-
zene by assigning 17.3 ppm for the methyl group signal. Better
resolution, especially in the high field region, was achieved by mea-
suring the spectra for pure polymorph samples using programmed
decoupling (two-pulse phase modulation, TPPM). The number of
scans accumulated for each spectrum was 2000, except for inver-
sion recovery and arrayed contact time measurements for which
only ∼500 scans were collected in order to keep the measuring
time within reasonable limits.

For both pure polymorphs the T1 time constants for proton
spin-lattice relaxation were determined to ensure usage of suffi-
ciently long enough recycle delay between transients. Both X1 and
X2 had relatively low T1(H) relaxation time constants, ∼1.5 s and
∼5 s. The necessary recycle delay is considered to be ∼5 × T1. We,
however, chose a delay of 10 s (a rather short time when consid-
ering X2) in order to obtain a reasonable overall acquisition time.
For selected measurements a recycle delay of 25 s was also tested,
and no significant difference in quantitation results were observed
when compared to results obtained with a shorter delay.

2.2. Quantitation of the mixtures

Two different methods were utilised in quantitations: sig-
nal integration after protonated carbon suppression by dipolar
dephasing with a correction to integrated intensities and a chemo-
metric method DECRA (Windig and Antalek, 1997). In the former
method a spectrum for the mixture is collected with a suitable
delay between a cross-polarisation sequence and signal acqui-
sition, allowing relaxation of those carbons (excluding methyl
groups) with attached protons. The obtained spectrum therefore
only includes only signals from quaternary and methyl carbons,
resulting in fewer signal overlaps and allowing easier interpreta-
tion. For successful application in quantitation a specific site in

a molecule that produces sufficiently separated signals for each
polymorph that can be integrated or deconvoluted to yield relative
amounts of polymorphic forms in the mixture must exist. DECRA,
on the other hand, is capable of resolving a spectrum obtained from
a mixture into a subspectra of its components, provided that some
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xperimental parameter exists that can be varied to yield a set of
pectra with intensities exponentially dependent on that param-
ter. Such a parameter is for instance the delay time, �, after the
80◦ pulse in a standard inversion recovery experiment for the
easurement of the T1-relaxation time constant, after subtraction

f a reference spectrum (for which � � T1). The polymorphs X1
nd X2 show a significant difference in their T1-relaxation rates,
hus making � a suitable parameter for DECRA analysis. DECRA has
reviously been applied to separate a spectrum of a mixture of poly-
orphs into subspectra (Zumbulyadis et al., 1999). In addition to

etermining the pure spectra of the components it is also capable
f yielding the relative amounts of the components in the mixture.
ECRA is rather insensitive to even a serious spectral overlap, and

s therefore ideal for the separation of polymorphic mixtures, as
ong as the polymorphs have distinctive relaxation rates. DECRA
alculation is not computatively and the implementation of the

ethod is also easy. In this work calculations were carried using

he Mathematica software (Wolfram Research, 2003).
Detected intensity in an experiment that uses cross-polarisation

s affected by cross-polarisation dynamics, i.e. how efficient is the

ig. 2. Solid state NMR 13C spectra of polymorphs X1 (a) and X2 (b). Expanded regions sho
rrangements can be observed. Signals marked with asterisk are spinning side bands.
l of Pharmaceutics 394 (2010) 18–25

polarisation transfer from the abundant nuclei to in this case 13C,
and how fast is this polarisation leaked back to the environment
by rotating frame relaxation. Therefore, should quantitative data
be obtained it is essential to know the related time constants, TCH
and T1�H, for these processes. For that purpose measurements with
arrayed contact time (tc) were performed, with tc varying from
0.1 ms to 30 ms. Obtained time constants for cross-polarisation
dynamics were then used to correct the integrated peak areas in
quantitations as described by Gao (1996).

2.3. Correction to the mass fraction

Since dipolar dephasing was used in recording the spectra, it was
also necessary to account for possible differences in the dephasing
rates of the polymorphs. When the decoupling is turned off after
contact time for a short time period (�dd), the signal is attenuated

exponentially with a decay constant Tdd. The intensity after dipolar
dephasing is therefore obtained as

I(�dd) = I(tc) exp
(

− �dd

Tdd

)
, (1)

w the high field region where signal splitting due to differences in crystallographic
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Fig. 3. Integrated signal intensities from carbon site C6 as a function of contact time.
While both polymorphs have comparable cross-polarisation rates, X1 has clearly
a faster rotating frame relaxation. Time constants related to cross-polarisation
dynamics were obtained from a non-linear least squares analysis.
T. Virtanen, S.L. Maunu / International

here I(tc) is the intensity after the contact period of length tc prior
o dipolar dephasing. For two species A and B the ratio of their
ntensities after dephasing is then

IA(�dd)
IB(�dd)

= IA(tc)
IB(tc)

exp

(
�dd

TB,dd
− �dd

TA,dd

)
(2)

When Eq. (2) is then combined with the result given by Gao,
he mass fraction MA/MB of the species present in the mixture is
btained as

MA

MB
= FA/B

IA(tc)
IB(tc)

= FA/B
IA(�dd)
IB(�dd)

exp

(
�dd

TA,dd
− �dd

TB,dd

)
, (3)

here FA/B is a shorthand notation for

A/B =

(
1 − TA,CH

TA,1�H

)
(

1 − TB,CH
TB,1�H

)
{

exp
(

− tc
TB,1�H

)
− exp

(
− tc

TB,CH

)}
{

exp
(

− tc
TA,1�H

)
− exp

(
− tc

TA,CH

)} , (4)

nd TX,i is the decay constant for process i and species X. Time con-
tants for cross-polarisation dynamics were obtained by non-linear
east squares fitting in the data obtained from variable contact
ime measurements. The time constant for the decay during dipo-
ar dephasing was determined by variating the delay time �dd in
he range of 10 �s, . . ., 100 �s, followed by a linear least squares fit
fter taking the logarithm of the measured intensities. Signal areas
ere used in calculations instead of peak heights, achieving better

onvergence in the non-linear least squares fitting.

. Results

Solid state 13C CPMAS NMR spectra for polymorphs X1 and X2
re shown in Fig. 2. These polymorphs have their own distinctive
eatures in their spectrum, so they can be easily identified by solid
tate NMR methods. The (partial) assignments of the observed sig-

als are given in Table 1, the numbering refers to that used in Fig. 1.
igs. 3 and 4 show the intensity as a function of contact time and
ogarithmic intensity as function of dipolar dephasing time. Time
onstants related to cross-polarisation dynamics and the rate of

able 1
ssignments of the solid state NMR spectra of API-X polymorphs. For numbering,
ee Fig. 1. With data collected for present work, assignments cannot, however, be
ade completely ambiguous (see text for details).

X1 X2

ppm Carbon No ppm Carbon No

168.05 1 168.78 1
153.45 4 154.70 4
142.44 9 151.22 4
130.99 6 141.39 9
127.23 7, 11 135.81 6
118.65 8, 10 135.12 6
118.54 13, 14 128.28 7, 11
116.11 13, 14 126.46 7, 11
115.26 8, 10 121.81 8, 10
110.40 13, 14 120.72 8, 10
107.24 13, 14 117.04 8, 10

86.05 12 115.09 13, 14
32.93 2 111.94 13, 14
28.27 3 110.16 13, 14
16.18 5 107.29 13, 14

84.95 12
33.41 2, 3
32.16 2, 3
30.62 2, 3
28.68 2, 3
18.00 5
16.74 5
Fig. 4. Logarithmic intensity from the C6 carbon site as a function of dipolar dephas-
ing delay time for polymorphs X1 and X2. Exponential time constant for decay was
obtained from this data using linear least squares line fitting.

dipolar dephasing were calculated from the fitting parameters, and
are given in Table 2.

When dipolar dephasing was applied, distinctive signals from
aromatic carbon C6 can be seen as a singlet at 131.0 ppm for X1
and as a doublet at (135.8, 135.1) ppm for X2. These were suf-
ficiently separated to be integrated and these signals, including
their spinning side bands, were selected for use in quantitations.
For DECRA analysis we chose a low field region of approximately
100–175 ppm. As a result of the analysis the pure spectra of the
components are resolved, and their relative contribution to the
observed intensity in the spectrum at each time point is also
obtained. When a linear least squares fitting is performed on the
logarithm of this concentration profile, the composition of the mix-

ture can be estimated from the intercepts of the concentration axis.

Quantitation results for the polymorphic mixtures are presented
in Table 3, with the DECRA results analysis shown in Fig. 5. Fig. 6
presents the accuracy of the used quantitation methods. Finally, the

Table 2
Time constants for cross-polarisation dynamics and for dipolar dephasing.

Tcp (ms) T1� (s) Tdd (ms)

X1 1.05 (0.15) 0.49a 0.43 (0.07)
X2 1.08 (0.11) 1.51a 0.38 (0.06)

a Error for T1� not available due to limitations in the applied fitting model.
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Fig. 5. Output from DECRA. Low field region from a spectrum of a mixture with 48% X1 by weight was given as input (a). Resolved components: X1 (b) and X2 (c). Corresponding
measured true pure low field regions for X1 and X2 are presented in (e) and (f). In (d) the concentration profiles are shown, with ci being the contribution of the resolved
pure spectrum of species i to the total signal. The actual composition of the mixture is calculated as an extrapolation to zero time.

Fig. 6. Comparison of the quantitation results. In the figures the weighted mass fraction of X1 is plotted against integration result (a) and DECRA result (b).

F
E

ig. 7. Solid state NMR spectrum of API-X in formulation. Besides the dominating signals
xpanded views show signals from the boxed regions obtained with dipolar dephasing.
from the drug matrix traces of API can be seen in both low and high field regions.
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Table 3
Quantitation results for polymorphic mixtures as obtained by signal integration
and by DECRA. Error limits for X1 content by DECRA calculation are obtained from
line fitting to concentration profiles (see Fig. 4d). Error in X1 content obtained by
integration was estimated to be within 2%.

X1 content by weight (%) Integration DECRA

77.0 76.8 74.2(0.3)
68.0 66.9 66.3(0.5)
48.0 50.9 49.9(0.5)
31.5 33.7 36.4(0.4)
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8.5 N/Aa 8.05(0.07)
8.0 12.5 N/Aa

a Values missing due to spectrometer instability during measurement.

pectrum obtained from the formulated product is shown in Fig. 7.
xpanded views from the low and high field regions included in the
gure are obtained with dipolar dephasing.

. Discussion

.1. Characteristics of the spectra

The most notable difference between the spectra obtained from
1 and X2 is the splitting of the signals into doublets in the X2
pectrum, indicating that two molecules are present in the asym-
etric unit of X2. The splitting effect can be seen on the signals in

he aromatic region, and also in the signals from the −CH2− and
he methyl groups at 15–35 ppm when programmed decoupling
as used. Also, significant changes in chemical shift values occur

etween the two polymorphs, especially with carbon C6 for which
difference over 4 ppm appears in high field region.

Magic angle spinning does not completely average out the dipo-
ar coupling between 14N and 13C. This can be seen as splitting
r broadening of signals from those sites that have 14N attached
irectly to them, as often reported in the literature (Opella et al.,
979; Reutzel-Edens et al., 2003; Hughes et al., 2002; Mooibroek
nd Wasylishen, 1987). The presence of this residual coupling can
e seen in the case of API-X in the signals C13 and C14, both giving
he typical 2:1 doublet for this kind of interaction. In other carbon
ites directly bonded to nitrogen this splitting effect is not observed,
robably due to different relative orientations of the dipolar cou-
ling tensor and quadrupolar interaction tensor at these sites. In the
ase of X1 only one of these doublets can be observed in the regular
pectrum, signal from the aromatic carbons C8 and C10 obscure the
ther. It is only when dipolar dephasing is applied that the second
oublet from the pair C13/C14 also becomes visible (Fig. 8).
Suggested assignments of the solid state NMR signals are given
n Table 1. These are based on liquid state NMR assignments (data
ot shown), dipolar dephased spectra, and effects observed from
esidual couplings. It should be recognised that assignment of

ig. 8. Low field region of X1. Dipolar dephased spectrum (on bottom) and nor-
al spectrum (on top). Both carbons 13 and 14 give an asymmetric doublet to the

pectrum due to residual coupling to 14N, as can be seen in the dipolar dephased
pectrum.
al of Pharmaceutics 394 (2010) 18–25 23

a solid state spectrum is not generally a trivial task. Since, for
instance, differences in hydrogen bonding patterns between poly-
morphs may have a large effect on observed chemical shift values,
even to the extent that signal cross-over for two sites may occur, it
is preferable to also have some computational data supporting the
assignment task. Since we did not gather such data, assignments
presented here can only be considered qualitative.

4.2. Quantitation

Fig. 6 demonstrates that both quantitation methods used show
good accuracy with the weighted compositions of the samples. The
root mean square (RMS) value calculated from the results obtained
with DECRA was slightly higher (6.21) compared to corresponding
value calculated from signal integration results (5.89). The largest
single deviation from the weighted amount, on the other hand,
comes from integration of the mixture with 8.5% X1, giving an
over-estimated result of 12.5%. In the case where X2 was the minor
component the result from integration was accurate. DECRA, on the
other hand, also gave a fairly accurate result for the low X1 case. It
appears that the correction calculated for the mass fraction using
Eq. (3) only has a minor effect on the outcome of the quantitation,
only a 1.3% average difference in the relative amounts. This is prob-
ably due to the similarity of the cross-polarisation behaviour of the
polymorphs in this case.

Accuracy of the integration process was tested with a 31.5% X1
sample by carrying out the processing of the spectrum from the
raw data to the final integration step (including drift correction,
base line correction, phasing of the spectrum and small variations
in integral regions) with several repetiotions. For seven repetitions,
standard deviation of 1.8% from the average integral value was
obtained. Similar analysis for results obtained with DECRA yields a
standard deviation of 1.0%. This indicates that DECRA is somewhat
less susceptible to small changes in processing conditions than the
direct integration of the signals. However, since the measuring time
for spectral data required by DECRA is much longer (from 1 day to
even 4 days, depending on the consentration of the minor com-
ponent) compared to that of collecting a basic dipolar dephased
spectrum (20 h), practicality of DECRA is limited.

When resolved subspectra obtained from DECRA are compared
to true pure spectra it is apparent that DECRA succeeds very well
in the separation of spectra. Separation is not accurate, however, in
all areas of the spectra, for instance the signal originating from car-
bons C13/C14 is transferred completely to the X2 component. The
use of DECRA therefore requires some amount of calibration with
samples of known composition, since not every spectral region was
suitable for quantitation purposes. For instance, when the whole
spectral range was used in the calculation of relative contributions
of the components, the deviation from the weighted mass frac-
tion was in some cases more than 10%. From the high field region
(∼10 ppm to 40 ppm) it was possible to select a range that yielded
better accuracy than these results presented, however, this region
suffered from poor repeatability. By making a small change in the
selected range a notable change emerged in quantitation result
(∼5%) The selected region 100–175 ppm, gave good reproducibility
with reasonable accuracy in the results.

DECRA requires an initial guess for the number of components
present in the mixture. This is no problem even when the actual
number is unknown since the calculation is very fast. It is easy to
use the trial and error method, and in every case the best possible
choice is not necessarily the actual true number of components. We

used three components, since this gave the best overall outcome
when all compositions were considered.

Despite the shortcomings mentioned above, DECRA is a worth-
while option for quantitative work, since in general suitable clearly
resolved signals may not be present in spectrum that can be inte-
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rated, or even deconvoluted, reliably. As a self-modeling method
ECRA also circumvents some of the problems associated with
uantitation by integration, since it does not rely on relative

ntensities of the components in a mixture spectrum. Although
he calculated correction to the mass fraction based on cross-
olarisation dynamics had no significant effect on the outcome,

t does not lower the importance of accounting for these matters
hen using signal integration for quantitation. This requires care-

ul calibration of the system and determination of the parameters
elevant to the cross-polarisation experiment. Also, the inclusion
f the spinning sidebands into the integral values is important, and
epending on the amount of chemical shift anisotropy of the site

n question and on complexity of the spectrum this may become a
erious problem. What also makes DECRA attractive is the unique-
ess of the solution it gives for a given spectral range, this cannot be
xpected from results obtained using deconvolution with an even
lightly complicated set of overlapping signals.

.3. Formulated product

In the spectrum of a formulated API-X (∼0.7% by weight) the
ain contribution to the overall signal at ∼60 ppm to 110 ppm

omes from microcrystalline cellulose used as a matrix (see Fig. 7).
nother clearly observed signal comes from magnesium stearate at
37 ppm. Since none of the excipients have resonances in the low
eld region, the signal observed between ∼130 ppm and 155 ppm
an be identified as originating from the API. Another contribution
rom API can be found at the high field region close to 15 ppm.
bserved signals for API are, however, too weak to even be able to
ive exact values for peak locations. From a dipolar dephased spec-
rum the low field signals can be more readily seen, but in every
ase the signal to noise ratio (S/N) is too low (7.9) to make any
onclusions about which polymorph is present in the sample. The
umber of transients for this experiment was 30,000 (measuring
ime 24 h), it is thus not feasible to try to improve the S/N ratio by
imply increasing the number of scans. Despite the low S/N, how-
ver, the presence of the API-X in this formulation can be detected
ith solid state NMR methods, even with such a low content as

.7% by weight.

. Conclusions

Two polymorphs, X1 and X2, of an active pharmaceutical
ngredient API-X were studied using solid state 13C CPMAS NMR
pectroscopy. The spectral features of the two polymorphs were
ery different, so the identification based on their 13C CPMAS NMR
pectra can be easily done. Samples with varying polymorph com-
osition were analysed quantitatively, and a formulated API was
lso studied. While the quantitation results using integration for
ow X1 content sample were not satisfactory, the overall quantita-
ive results showed reasonable accuracy. In the formulated sample
t was relatively easy to detect signals of the API, since none of
he excipient signals were close to overlapping them. Although
he signal to noise ratio was not adequate enough for reliable
dentification of the polymorph present in the formulation, it was
emonstrated that it is possible to observe the presence of the API

n this formulation.
The data obtained with solid state 13C CPMAS NMR is a valuable

ddition to any information obtained with other spectroscopical

ools. The ability to distinguish the polymorphic components by
imple inspection of the spectra, and the capability for yielding
uantitative information about polymorphic mixtures are aspects
hat bring great practical importance to solid state NMR in the study
f pharmaceutical compounds.
l of Pharmaceutics 394 (2010) 18–25
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