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a b s t r a c t

Raman global illumination and near-infrared (NIR) mapping instruments were used to

chemically image pharmaceutical granules obtained by the wet granulation process in order

to determine whether the API was mixed with the major excipient or granulates on its own.

The granules were randomly distributed onto a microscope slide and an average area of

about 3.5 mm × 3.5 mm, covering 50–100 granules, was analyzed by both instruments. Light

microscopy images of the separated granules were collected before the spectroscopic data

acquisition. Both Raman and NIR signals of API and major excipient (mannitol) were easily

detected by both techniques which allowed the chemical structure of the granules to be

characterised. Most of the granules were found to contain both API and mannitol but pure
ear-infrared

hemical imaging

harmaceutical granules

et granulation

mannitol and a few pure API granules were also identified. Raman global illumination was

found to provide a comprehensive insight into chemical structure of the granules being able

to more clearly determine the API in comparison with NIR mapping. Owing to the differences

in shapes of the particles and reflection characteristics, visual microscopy and methods

based on reflection can be potentially useful for analyzing this particular formulation.

ber of publications on the applications of chemical mapping
. Introduction

hemical imaging is a methodology that allows automated
easurements of samples through the combination of
icroscopes with vibrational (e.g. near-infrared and Raman)

pectrometers to produce a 2D image of the components in a
ample [1–3]. At each position of the microscope’s XY(Z) stage
ither a spectrum of the analyzed sample is obtained or an
mage at a pre-defined wavenumber is obtained. If a spec-
rum is obtained, this is known as a mapping experiment; if an
mage is obtained as the raw data then this is a true imaging
xperiment. Chemical images are obtained from the mapping
ata through chemometric analysis of the three-dimensional
rray of spectra obtained during the data acquisition. Another

mportant difference between the two approaches is in the

ode of scanning. Global illumination is carried out on the
ntire sample observed in the microscope’s fields of view. In

E-mail address: slsasic@yahoo.com.
003-2670/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
oi:10.1016/j.aca.2008.01.063
© 2008 Elsevier B.V. All rights reserved.

mapping experiments, line or point light sources are used to
probe the sample at discrete points on the sample surface.
The final result of a chemical imaging experiment, be it map-
ping or true imaging, is a chemical image in which (ideally) all
the components of the analyzed sample are identified based
on their chemical composition and their spatial position in
the sample. This method allows the identification of chemical
micro-structures in the sample that are not observed by bulk
measurements of the sample. This can be particularly useful
in pharmaceutical industry where seemingly non-informative
surfaces of tablets, powders, beads, and various other mate-
rials can be analyzed and the observed chemical images a
better understanding of the sample can be achieved. A num-
and imaging in the pharmaceutical industry have appeared
recently [3–15]. Of these publications, some initial assess-
ments of the functionalities of both Raman and near-infrared
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(NIR) mapping and imaging in the pharmaceutical environ-
ment have been specifically made [7]. However, within the
scientific community mapping techniques are more widely
used to create chemical images. This is despite the fact that
for imaging methods chemical images are immediately avail-
able as raw data and no additional data processing may be
required to enhance the information content.

The objective of the work presented here is to generate
chemical images and characterise pharmaceutical granules
obtained during a wet granulation process in which gran-
ules are produced with the use of water. A thorough review
of the literature does not reveal reports on any similar stud-
ies. This should be the first publication in which the analysis
of pharmaceutical granules using Raman chemical imaging is
reported.

There are a number of reasons for studying this formu-
lation by imaging approaches: firstly, it is useful to gain
knowledge on whether the applied wet granulation process
has been successful, i.e. whether the API (active pharmaceuti-
cal ingredient) combines with other formulation excipients to
form granules. Secondly, various physicochemical character-
istics of the granules (such as dissolution) may be affected by
their chemical structure (e.g. polymorphic or hydrate/solvate
form) which will be determined by chemical imaging. Finally,
the sizes of pure API granules can be estimated and correlated
with the size of the particles in the blend.

Analysis of single granules that are spatially separated
objects can be tackled by both mapping and imaging instru-
ments. Because of the granules spatial separation the Raman
global illumination method is particularly suitable to use.
This is because the material on the sample slide is scanned
via large fields of view, and data acquisition is not compro-
mised by the void areas. This method is also known to be
able to provide images of high quality. These results repre-
sent the first application of the global illumination method
for imaging the granules. In addition to the global imaging,
NIR mapping is also employed as a comparative method.
The NIR mapping method is rather fast, the instruments are
widely available, and produce high quality spectra. A poten-
tial disadvantage is in the fact that large areas on the slide
contain no sample which leads to the lack of signal from
the corresponding pixels. This may have negative conse-
quences to the subsequent analysis of the mapping spectral
data set.

2. Experimental

The dried granules were analyzed as obtained. No sample
preparation of any sort was applied. Relatively large granules
(having a dimension of least 200 �m) were easily separated
by simply tapping the microscope slide (glass). The samples
also contained smaller granules/particles which were not the
focus of this study. For this reason no sampling methodology
was developed to separate these particles.

The analyzed formulation contained relatively high con-

centration of API (20%, w/w). The major excipient was
mannitol (a polyol, 65%, w/w) whose major role was to act as
a diluent. Four more minor excipients existed in this formula-
tion The distribution of these components are not discussed
a 6 1 1 ( 2 0 0 8 ) 73–79

as (i) the focus of this work is related to the distribution of the
API in the granules, and (ii) for a number of reasons (e.g. hav-
ing poor Raman scatter or at a concentration below the limit
of detection) these excipients are not detected in the granules.
The chemical structure of the API is not provided, as this has
no relevance to the generation of its chemical image.

The global illumination Raman images were obtained on
the ‘Falcon’ instrument (ChemImage Corp, Pittsburgh, PA).
An average area of 3.5 mm × 3.5 mm was typically imaged.
Since the granules were randomly distributed onto the micro-
scope slide the total imaging area was chosen to cover the
largest number of granules in a reasonable experimental
time, typically less than 9 h. The imaged area was therefore
slightly different from one experiment to another. All the
Raman images were preceded by the acquisition of white
light images of the sample across the area selected for
imaging.

Fortunately, the region of strong and non-overlapping
Raman bands for mannitol and API were found to be next
to each other in the region 1010–1080 cm−1. This spectral
region was employed for all the Raman measurements. The
liquid crystal tunable filters (LCTFs) that select wavenumbers
at which an image is to be obtained [2], were set to collect
chemical images at 10 cm−1 intervals covering the selected
spectral region in 8 steps, generating a sample image at each
step. The sample was excited by a laser line at 532 nm with
200 mW power typically being employed. No sample dam-
age was detected in the experiments. The global illumination
instruments are theoretically capable of excellent spatial res-
olutions (theoretically submicron) but in this case the spatial
resolution of 15 �m was considered acceptable because of rel-
atively large sizes of the granules imaged. For these studies
the gross composition of the granules was required (i.e. API
only, mannitol only, or an API/Mannitol mixture). This was
achieved by significant binning of the pixels on the CCD detec-
tor which in turn led to stronger Raman signal on the CCD and
consequently to shorter acquisition times. The acquisition
time of 15 s per wavenumber was normally employed although
satisfactory results were obtained with shorter acquisitions
too. ×10 magnification was used in all experiments with the
field of view (FOV) set at 190 �m. This means that the typical
imaged area of ca. 10 mm2 was scanned through stage shifts of
190 �m.

NIR mapping data were collected on a PerkinElmer Spot-
light system. The maps were normally collected across
5 mm × 5 mm areas with a spatial resolution of 25 �m, also
subject to satisfactory distribution of the granules. The spectra
were collected with 16 scans and 16 cm−1 wavenumber res-
olution which led to about 160 min of acquisition time. ×20
magnification was used in all experiments.

All the data analysis and chemical image production was
carried out with ChemAnalyze software (ChemImage, Pitts-
burgh, PA). Although obtaining chemical images from the
mapping data can require considerable computation includ-
ing data pre-processing, the data analysis was quite simple
for these data sets. Both Raman and NIR spectra have only

been baseline corrected. All the chemical images were pro-
duced using univariate analysis. The multivariate images were
also produced for the NIR data but these were not found to be
noticeably better than the univariate ones.
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. Results

(white) light microscopy composite image of a typical sam-
le prior to mapping or imaging analysis is shown in Fig. 1.
ach sample was independently measured on an unmarked
lide meaning that in no case exactly the same area on a
ample was imaged on both platforms. An exact comparison
etween the two employed techniques is thus unattainable as
he granules are not fixed to the microscope slide.

It should be noted that in addition to the large separated
articles, there is relatively fine material in the upper right
orner in Fig. 1 that cannot be easily separated by tapping.
his situation is repeated in a number of samples that were

maged leading to conclusion that the large granules can very
asily be prepared for chemical imaging while the smaller
ranules (or particles) of the analyzed formulation tend to stay
losely agglomerated so that more complex separation must
e applied to prepare them for chemical imaging. The dis-
inction between the ‘big’ and ‘small’ granules is completely
ubjective in this case.

.1. Global Raman imaging

he original, unprocessed Raman image at 1050 cm−1, where
strong API peak resides, is shown in Fig. 2. Analysis of this

mage reveals that some particles reflect the laser beam better
han the other. For example, there are several strongly reflect-
ng particles (that thus appear white due to higher intensities

btained from them) in the middle of the image as opposed
o a few particles in the bottom left corner the contours of
hich are recognizable but their poor reflection renders them
ark in comparison with the before-mentioned particles. This

ig. 1 – The white light image (3.5 mm × 3.5 mm) obtained
n the global illumination Raman imaging instrument. The
mphasis of the analysis is on the large, distinguishable
ranules and not on the fine material gathered in the upper
ight corner that cannot be easily separated into individual
ranules/particles.
6 1 1 ( 2 0 0 8 ) 73–79 75

reflection will include the influence of fluorescence, absorp-
tion, sample morphology, and Raman cross-section.

The Raman spectra of those particles (Fig. 2) are subdued by
the background and the bands at 1030 and 1050 cm−1 that are
used for univariate imaging cannot be clearly distinguished.
However, the level of background provides clear indications
of the ability to reflect so the white particles in Fig. 2 yield
spectra with much higher background level as opposed to the
black ones. Thus, it appears that useful information about the
structure of the granules can be obtained already at the very
first step of the experiment, from the unprocessed image.

The baseline correction easily eliminates the background
offset and clearly reveals the Raman bands of API and manni-
tol (Fig. 3B and D). The key information that can be extracted
from these images is whether there are granules of pure man-
nitol or API (the former being much more probable because the
concentration of mannitol is about three times higher than the
concentration of the API). This can be achieved by threshold-
ing of the shown grey-scale images whereby only the highest
signal of mannitol and API is to be identified and retained.
However, due to computational difficulties in setting meaning-
ful threshold values, a simpler option turned out to be to check
the chemical identity of the whitest pixels in the mannitol and
API images based on their Raman bands.

Fig. 3A shows several granules of pure mannitol that are
confirmed through the appearance of the mannitol specific
peak at 1030 cm−1 shown in Fig. 3B. The particles from which
those Raman bands are obtained are circled in Fig. 3A.

Similarly, Fig. 3C and D, respectively, display the images
and spectra for the API. The presence of API is proven via its
strong peak at 1050 cm−1. As expected, there are more pure
mannitol particles present although a few pure API particles
are found too. The rest of the granules exhibited the spectra
with various ratios between the bands at 1030 and 1050 cm−1

which is consistent with the granules containing both manni-
tol and API. This conclusion also draws from the white light
and unprocessed Raman images which will be commented on
later. Using the white light image (Fig. 1) and the chemical
images of API and mannitol (Fig. 3A and C, respectively) it can
be determined which granules are pure mannitol, pure API or
mixtures of the two components.

The obtained chemical images show that the granulation
produced a large number of granules that contain both man-
nitol and API and a smaller number of pure mannitol and pure
API granules. It needs to be mentioned here that there is some
arbitrariness with regard to distinguishing what is a granule of
pure material because the quality of the Raman spectra is not
so good to make it entirely clear that there are no indications
of API in a spectrum from the granule dominated by mannitol
and vice versa. The spectra in Fig. 3 are the best examples of
the separation.

It is also important to note that the comparison between
the original Raman chemical images (Fig. 2) with those that are
baseline corrected (Fig. 3C) reveals that all the weakly reflect-
ing particles are those of mannitol while the efficient reflection
comes from the API-rich granules. This demonstrates that

there is greater sensitivity for API detection in these samples.

Finally, valuable information can be obtained from the
white light images too. A careful inspection of those images
reveals that the API-rich granules tend to be prominently
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Fig. 2 – The original Raman image of the sample obtained at 1010 cm−1 above (left) and the subsequent spectra that
correspond to some of the granules (right). The spectra demonstrate different reflection ability of the granules through
broadly varying baseline. The spectrum with the weakest baseline is obtained from the granule on the left, the one in the
middle from the granule in the middle while the most intense spectrum is obtained from the intense granule at the bottom.

Fig. 3 – The Raman chemical image of mannitol at 1030 cm−1 (A). The circled granules are believed to be pure mannitol on
the basis of the spectra in (B) that feature only the mannitol band at 1030 cm−1. The Raman chemical image of API at
1050 cm−1 (C). The circled granules are assigned to the pure API on the basis of the presence of only the strong API peak at
1050 cm−1 (D). These images have been produced from the baseline corrected data.
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Fig. 4 – The white light image obtained on the NIR mapping
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nstrument.

hite while the mannitol-dominated granules are mostly of
ectangular shape and with smoother surfaces if compared
ith mixed granules and those with more (or of pure) API.

.2. Near-infrared mapping

he white light images on the NIR mapping platform (Fig. 4)
re not as clear and are thus less informative than those from
he Raman global illumination platform. This is in part due
o the objectives used. Raman microscope systems use glass
bjectives which give good visual images. The FT–NIR micro-
cope system uses a Cassegrainian objective which is designed
or Infrared performance rather than white light performance
nd leads to a poorer visual image. The rectangular shapes of
he pure mannitol granules can be recognized but the pure API
ranules cannot be easily identified.

The reflectance ability of the granules is different for the
aser light at 532 nm than for the range of wavelengths in the
IR region so that original, unprocessed NIR data were also

ound not as informative as the Raman ones (not shown here).
The NIR spectra of the API and mannitol are shown in Fig. 5.

he overlap between the two spectra is significant and the API
pectrum does not appear particularly rich in features but the
egion around 4500 cm−1 is certainly suitable for producing
nivariate images. Mannitol can be univariately imaged at a
umber of wavenumbers, with 4800 cm−1 being chosen here
s the most representative. There is an API band close to the
IR band used to create the mannitol image. However, the

elative NIR response for mannitol is significantly larger than
he API response so there is no API contribution in the man-
itol chemical image. In order to accentuate the difference
etween the two spectra in the region <5000 cm−1, the scat-

ering effect is eliminated by the second degree polynomial
aseline correction instead of multiplicative scatter correction
hat is more often used as a pre-processing step in analyses
f NIR data. The univariate API image at 4500 cm−1 obtained
Fig. 5 – The NIR spectra of mannitol and API.

from the baseline corrected spectra is shown in Fig. 6A with
the accompanying spectra given in Fig. 6B. The weakness of
the NIR spectra from the API and the ensuing consequences
regarding chemical images are illustrated in these two figures.
The differences between the spectra from the granules that are
believed to have more API and those having more mannitol are
visible but are not very pronounced. In addition, the strength
of the NIR signal is proven to be a function of the size of the
granules so the mannitol-rich granules tend to have stronger
signal than those assigned to the pure (predominant) API.

An additional problem encountered here refers to the link
between the thresholding of the grey-scale images and the
sample preparation. The separation of the granules leaves a
significant part of the slide uncovered and apparently there
is no NIR signal from those positions. The absence of NIR
response from such areas leads to the threshold for grey-
scale images being set unreasonably low, at zero counts. As
a consequence, the contrast between the API- and mannitol-
rich granules is poor. This results in chemical images that
are somewhat difficult to interpret. Normally the intensity of
image pixels is proportional to the amount of a component
present. In this case the bright white pixels in Fig. 6A are
due to the API, whilst dull/grey pixels are due to mannitol.
These identities are confirmed through the spectra associated
with each pixel (Fig. 6B). The lower threshold for the image
at 4500 cm−1 is not set at a certain number of counts that
would reflect the presence of mannitol but it is set at zero
and therefore the obtained chemical image (Fig. 6A) only par-
tially reflects the API/mannitol differences in the content of
the granules. This is an interesting thresholding problem for
which no reference is found in the chemical imaging literature.
It can be eliminated by uniformly and completely covering
the slide. However, whenever physically separated material
is analyzed by mapping technique, this difficulty is likely to
occur.

One way to alleviate this issue was found in univariate
imaging at ∼5200 cm−1 where only the weak signal from API

can be found. The overall response at ∼5200 cm−1 effectively
starts from zero counts so that the problem of low thresh-
old from uncovered positions disappears and the grey-scale
image is truly based on the recorded NIR signal. The uni-
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Fig. 6 – The NIR chemical image of API at 4500 cm−1 (A). The two smaller circled granules are believed to be pure API and
their spectra are shown in (B, thin lines) while the bigger granule is that of mannitol, its spectrum is also shown in (B, thick
line). The chemical image in (C) is obtained at 5200 cm−1 where mannitol has no signal and thus pure mannitol granules are

tion
n AP
missing there, while the image in (D) is obtained at the posi
ubiquitous except in somewhat shaded granules that contai

variate image at ∼5200 cm−1 is shown in Fig. 6C. The black
features in that image convincingly display the granules that
are attributed to pure mannitol. This occurs because of the
lack of any NIR signal from mannitol at that position. How-
ever, while mannitol can be visualized in this way there still
is a problem with obtaining satisfactory API images. Further-
more, this approach suffers from the fact that it is based on the
quite narrow spectral region with weak NIR response so the
quality of the spectral data is not very good and thus chem-
ical images are not very reliable. The successfulness of this
approach strongly depends on the signal-to-noise ratio of the
NIR spectra which is not the case when stronger bands in the
spectra are used.

Yet another way to challenge this problem may be sought in
software manipulation that should artificially set the thresh-
old at a value that is considered the lowest NIR signal of
mannitol at 4486 cm−1. This has not been attempted here. The
proposed method will only be successful in case there is an
obvious gap between the NIR signal of mannitol and the base-
line so that one can safely ignore all the data below the signal

of mannitol.

Finally, Fig. 6D shows the univariate chemical image of
mannitol at 4800 cm−1. Given the (relative) strength of the NIR
signal of mannitol, almost complete coverage of the entire
of the mannitol peak at 4800 cm−1. Mannitol appears
I predominantly (compare with A).

spectral range used, the above problem with the threshold,
and a low number of granules that are expected to be richer
in API, there is no surprise that mannitol appears to be
ubiquitous. The strongest peak of mannitol was chosen for
univariate imaging with the idea that the granules without
(or with relatively little) mannitol will appear dark. However,
the best indication of this is only found in somewhat darker
appearance of several granules. Fig. 6D is complementary to
Fig. 6A and C in that the brighter granules in Fig. 6D are missing
in Fig. 6C. Thus, it is viable to image mannitol via its strongest
peak at 4800 cm−1.

4. Discussion and summary

The results presented prove that chemical imaging is very use-
ful for determining chemical nature of the pharmaceutical
granules. This is believed to be the first application of chemi-
cal imaging for identifying chemical identity of the real-world
pharmaceutical granules. Both applied mapping and imag-

ing techniques clearly recognize the granules consisting only
of the major excipient (mannitol) or the API. The majority
of the granules are found to be mixtures of API and man-
nitol providing strong evidence that the granulation process



c t a

w
d
t
e
i
s
v

c
f
t
T
i
R
a
c
n
i
t
fi

u
w
i
u
p
i
i
e
a
s
i
d
c
m
n
c
c
o
v
u
[

u
s
p
t
p
t
t
p
e
s

r

a n a l y t i c a c h i m i c a a

as successful. However, the Raman imaging approach pro-
uced API images in which there was better confidence in
he domains which contained API. In addition, although the
mphasis here was in collecting and analyzing the spectra and
mages from the ‘big’ granules, it should be mentioned that
maller granules or particles (less than 100 �m) are also clearly
isualized and can be chemically imaged.

Technically, the global Raman imaging was more suc-
essful for analyzing this particular formulation. Other
ormulations may have APIs with significantly different spec-
roscopic features and thus no generalization can be made.
he advantages observed in this series of experiments

ncluded (i) informative white light images obtained on the
aman instrument used and (ii) the ability to clearly differenti-
te between the granules of the API and mannitol in respective
hemical images. There are three types of images (API, man-
itol and white light) that can easily be produced on this

nstrument and then mutually correlated. The results show
hese images are complementary to each other providing con-
dence in the conclusions made from the experimental data.

A couple of issues were spotted with chemical mapping
sing the NIR platform. The first was found to be less useful
hite light images compared to those acquired on the Raman

nstrument. Secondly, and more importantly, the contrast for
nivariate chemical images was also poorer. Mapping the API
roved to be difficult with the need to additionally check the

dentity of the granules believed to be the pure API which
s carried out by assessing the spectra from pertinent pix-
ls. Pure mannitol granules were most convincingly imaged
t a position with quite a weak overall signal which may cast
hadow on the reliability of the image. The positive element
n favour of NIR chemical mapping is in the spectrally rich
atasets which allow positive identification (or absence) of
omponents compared to those obtained on the global illu-
ination platform. Given NIR mapping data sets provide a

umber of full-length spectra, various multivariate methods
an be employed to extract most of the vast amount of data
ollected. This was not proven to be beneficial here but this
ption may be substantially useful in other cases as multi-
ariate analysis may be significantly more effective than the
nivariate analysis where there are many overlapping bands

7].
An important point for consideration for both platforms

sed was the length of acquisition. This element is intrin-
ically linked with the spatial resolution of the images,
articularly for the global illumination Raman instrument. For
he experiments described here, typical acquisition on the NIR
latform took about 3 h while Raman experiments took no less
han 9 h despite the short wavenumber range employed. Fur-

her refinement of the experimental conditions could have
robably led to shorter acquisitions on both platforms. For
xample, if the CCD pixels on the Raman global illumination
ystem are more heavily binned, the resulting Raman signal
6 1 1 ( 2 0 0 8 ) 73–79 79

would be stronger and thus shorter acquisition times would be
employed. This would obviously compromise the spatial res-
olution but given that quite large granules were analyzed, it
is unlikely that the visual appearance of the chemical images
would have been noticeably worse.

An interesting observation is that reflection-based tech-
niques and visual microscopy might be suitable for chemical
identification of the granules. While only chemical imaging
can provide categorical evidence of the chemical nature of
granules, the mannitol and API can be characterised using
their visual appearance and reflection coefficients. The high
API content (20%, w/w) makes this analysis possible. Of course,
this conclusion holds for the formulation analyzed here and
there is no guarantee that this observation is applicable to
other formulations. Visual microscopy and reflection-based
techniques are faster and less expensive techniques than
chemical imaging and thus may be preferable choices for
assessing chemical nature of the granules. However, the infor-
mation content is much higher in chemical mapping and
imaging measurements. This makes them indispensable in
preliminary experiments for determining the nature of the
granules. Once the chemical identity is reliably assigned to
defined granule shapes or reflection ability, the chemical imag-
ing may not be as important for characterisation of the sample.
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[7] S. Šašić, Appl. Spectrosc. 61 (2007) 2237.
[8] L. Zhang, M.J. Henson, S.S. Sekulic, Anal. Chim. Acta 545

(2005) 262.
[9] M. Henson, L. Zhang, Appl. Spectrosc. 60 (2006) 1247.

[10] P.D.A. Pudney, T.M. Hancewicz, D.G. Cunningham, M.C.
Brown, Vib. Spectrosc. 34 (2004) 123.

[11] A. de Juan, R. Tauler, R. Dyson, C. Marcolli, M. Rault, M.
Maeder, TrAC, Trends Anal. Chem. 23 (2004) 70.

[12] J. Breitenbach, W. Schroff, J. Neumann, Pharm. Res. 16 (1999)
1109.

[13] W.H. Doub, W.P. Adams, J.A. Spencer, L.F. Buhse, M.P. Nelson,

P.J. Treado, Pharm. Res. 24 (2007) 934.

[14] S. Ward, M. Perkins, J. Zhang, C.J. Roberts, C.E. Madden, S.Y.
Luk, N. Patel, S.J. Ebbens, Pharm. Res. 22 (2005) 1195.

[15] F.C. Clarke, M.J. Jamieson, D.A. Clark, S.V. Hammond, R.D.
Jee, A.C. Moffat, Anal. Chem. 73 (2001) 2213.


	Chemical imaging of pharmaceutical granules by Raman global illumination and near-infrared mapping platforms
	Introduction
	Experimental
	Results
	Global Raman imaging
	Near-infrared mapping

	Discussion and summary
	References


