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The capability of the newly developed dynamic image analysis instrument QicPic equipped with the
high-speed dry-powder-dispersing device was investigated systematically using various MCC particles.
Instrument cross-validation was conducted by comparing the particle size distribution of spherical par-
ticles obtained with the QicPic and with a conventional laser diffraction instrument (HELOS). While good
agreement was observed with spherical particles, significant differences were found when analyzing rod-
shaped Ceolus™ KG-1000 particles, revealing the intrinsic difference in operating principles between

g?; ‘Z?;?g;mage analysis these two techniques. Particle shape distributions of several spherical and rod-shaped samples obtained
QicPic with the QicPic were compared to scanning electron micrographs (SEMs), and semi-quantitative agree-

ment was obtained. The particle size and particle shape of a series of binary particulate systems composed
of both spherical (CP-102) and rod-shaped (KG-1000) particles of varying mass ratios were analyzed using
the QicPic. The particle size and shape distributions of these binary mixtures were also computed using the
distributions of the pure components weighted by their respective mass fractions. Comparisons between
the measured and computed distributions appeared to indicate that the QicPic overestimated the amount
of KG-1000 particles present in all the mixtures. Further analysis revealed that the observed discrepancy
might be caused by a particle porosity effect.
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1. Introduction

The particle size of pharmaceutical materials has attracted much
attention due to its reported impact on drug bioavailability and
the manufacturability of various dosage forms, whereas much less
attention has been given to the impact of particle shape (Hintz
and Johnson, 1989; Fee et al., 1992; Johnson and Swindell, 1996;
Podczeck and Sharma, 1996; Zhang and Johnson, 1997; Massol-
Chaudeur et al., 2002; Swaminathan and Kildsig, 2002; Mullarney
etal,, 2003; Yinetal.,2005; Shah et al., 2007). One of the reasons for
this is the lack of suitable technologies for reliable quantitative par-
ticle shape characterization. Attempts have been made to expand
the capability of conventional laser diffraction technique to include
particle shape analysis, but only limited success has been achieved
so far (Ma et al., 2001; Deriemaeker and Finsy, 2005). Image anal-
ysis (IA) is probably still the most frequently used technique for
characterizing particle shape (Bao et al., 2004; Li et al., 2005), but
until recently, the level of automation for image analysis remained
low, and manual operation was required for sample preparation,
measurement and data analysis. This was often tedious and time
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consuming, and the number of particles analyzed was relatively
small, resulting in significant statistical errors. Masuda and linoya
proposed a mathematical procedure for estimating the number of
particles to be counted for image analysis to keep errors associated
with size determination within a desired range (Masuda and linoya,
1971). Jillavenkatesa et al. used this procedure and estimated that
for a log-normal distribution with a variance of 0.2209, approxi-
mately 3400 particles need to be analyzed to have 99% of the data
lie within £5% of relative error (Jillavenkatesa et al., 2001).

Recent advances in high-speed digital camera and computer
technologies have enabled the development of automated image
analysis instrumentations that are capable of capturing two-
dimensional images of particles that are either stationary (SIA) or
mobile (DIA) when presented in front of the detector. For SIA, a
thin layer of particles (in air or emerged in a liquid) is placed on a
(glass) slide and presented to the focal plan of a microscope so that
images of particles can be captured. The number of particles per
measurement is typically fixed and is limited by the size of the slide
used for sample presentation. Dynamic image analysis (DIA) allows
measurements of particles in motion (Xu et al., 2003; Rabinski and
Thomas, 2004). In contrast to SIA where particles are positioned
manually at the focal plane of the microscope, particles in a DIA
system are distributed within a finite depth defined by the design
of the instrument. To minimize the effect of out-of-focus images,
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several approaches have been taken, including using a sheath flow
cell to transform particle suspension to a flat flow (Malvern Sys-
max FPIA 300), use of a telecentric optic design to extend focusing
volume up to 3mm in length (Beckman Coulter RapidVUE), and
applying compensation factors based on statistical models to each
image frame (Rabinski and Thomas, 2004 ). Most of the DIA systems
have been limited to wet analysis, where particles are suspended
in a liquid medium to allow easy control of particle flow rate and
thus reduction of motion blur during image acquisition.

Recently, Sympatec Inc. (Clausthal-Zellerfeld, Germany) have
developed and commercialized a DIA system (QicPic) that is capa-
ble of capturing images of dry powder particles in a fast moving
air stream (Witt et al., 2004, 2005; Kohler et al., 2007). During the
analysis, dry powder particles are first placed on a vibratory chute
and then accelerated to a high speed by a Venturi tube located in
the sample dispersion line. Images of the particles are captured by
a high-speed digital camera with a synchronized light source. To
obtain images with sufficient optical contrast, an aperture stop is
used with the imaging objectives to allow only light rays parallel
to the optical axis to reach the camera. Motion blur during image
acquisition is minimized by using a pulsed light source with an
exposure time of approximately 1 ns.

In the current study, we evaluated the capability of this newly
developed DIA apparatus (QicPic) using microcrystalline cellulose
particles varying in particle size and shape. The repeatability and
accuracy of the analysis was assessed systematically using single-
component particle systems. The particle size and shape results
obtained using the QicPic were compared with conventional laser
diffraction result and scanning electron micrograph (SEM) images,
respectively. The response of the QicPic to composition variations in

binary mixtures containing spherical and rod-shape MCC particles
were evaluated quantitatively.

2. Experimental
2.1. Materials

Four grades of microcrystalline cellulose particles obtained from
Asahi Kasei chemicals (Tokyo, Japan) were used for this study.
The Celphere™ MCC particles, including the CP-102, CP-305 and
CP-708 grades, were relatively spherical but differed in particle
size. The Ceolus™ KG-1000 MCC particles were rod-shaped with
varying aspect ratios. The scanning electron micrograph images
(Fig. 1a-d) show the detailed morphology of all the materials. All
samples were used as received. True densities of the Ceolus™ KG-
1000 and Celphere™ CP-102 materials were determined using a
Helium pycnometer (Micromeritics, AccuPyc 1330, Norcross, GA,
USA), and were found to be 1.53 g/ml and 1.52 g/ml, respectively.

2.2. Instrumentation

The newly developed QicPic DIA apparatus (Sympatec Inc.,
Clausthal-Zellerfeld, Germany) with Windox 5.0 software was used
in the current study. The QicPic uses rear illumination with a visible
pulsed light source that has an exposure time of 1ns to minimize
motion blur. The flash rate of the light source is adjustable from
1 to 500 Hz, and is synchronized with the high-speed camera that
operates up to 500 frames per second. Dry powders are fed into the
high-speed dry-sample disperser where they are accelerated to a
speed of up to 100 m/s via a Venturi tube located in the dispersing

1000 pm

Fig. 1. SEM of the four excipients studied: (a) Celphere™ CP-102, (b) Celphere™ CP-305, (c) Celphere™ CP-708 and (d) Celous™ KG-1000.
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line. During this process, dry powders are dispersed and aerosolized
by particle-particle, particle-wall collisions and centrifugal forces
caused by velocity gradients. Upon exit, particles enter the mea-
surement zone decelerated and are finally collected by a Nilfisk™
vacuum system (Nilfisk-Advance A/S, Sognevej, Denmark). In a typ-
ical experiment, at least 10° particle images are captured by the
camera and processed using appropriate image analysis algorithms
included in the Windox 5.0 software.

A Sympatec HELOS (Helium-Neon Laser Optical System, Sympa-
tec Inc., Clausthal-Zellerfeld, Germany) laser diffraction instrument
with the same sample dispersing system as the QicPic was used to
conduct particle size analysis for comparison purposes. A scanning
electron microscope (Aspex Corporation, Delmont, PA, USA) was
used to examine particle morphologies, and a micro-spinning rif-
fler (Quantachrome Instruments, FL, USA) was used for subdividing
bulk samples.

2.3. Experiments

For each QicPic measurement, approximately 5 ml of the MCC
samples were obtained by subdividing the bulk material using
a micro-spinning riffler to minimize sampling error. Instrument
parameters, including sample feed rate, dispersing air pressure
and frame rate, were evaluated with each sample during prelim-
inary experiments. The optical concentration was kept below 1.5%
to minimizing overlapping particles. The binary particle systems
composed of Celphere™ CP-102 and Ceolus™ KG-1000 were pre-
pared by weighing out appropriate amount of each component
into a glass vial, and the powders were mixed thoroughly before
analysis. The number of particle images captured during the QicPic
measurements was kept above 10° to minimize potential statistical
and sampling errors (Masuda and linoya, 1971).

Similar to the QicPic measurement, about 5 ml of the MCC sam-
ples, subdivided using the micro-spinning riffler, were used for
particle size analysis with the HELOS. The optical concentration
for the HELOS measurements was kept within the range of 4-6%
during each measurement. Optical concentration within this range
was found to provide adequate signal to noise ratio without causing
multiple light scattering (Kohler et al., 2007).

2.4. Data presentation

Image analysis measures primarily the contour of particles to
obtain both particle size and shape results. Attempts have been
made to use a single value to describe the particle size and particle
shape of non-spherical particles (Meloy and Mani, 1986; Podczeck,
1997; Kwan et al., 1999; Langston and Jones, 2001; Wang, 2006).
Standard size descriptors include the equivalent projected circle
(EQPC) and Feret diameters. The EQPC is the diameter of a circle
that has the same projected area as the actual particle. The maxi-
mal and minimal Feret diameters are respectively the longest and
shortest distance between two tangents to the contour of the parti-
cle. A schematic illustration of the EQPC and the Feret diameters are
given in Fig. 2. For spherical particles, EQPC = maximal Feret diame-
ter =minimal Feret diameter = particle diameter. For non-spherical

Area 1 = Area 2
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Fig. 2. Schematic illustration of the EQPC and Feret diameter.

@ 5] " EQPC
Maximal Feret
A Minimal Feret
4 -
& A1
7]
c
[]
o o4
1 -
0
T T T
10 100 1000
Size / um
(b) = EQPC
25 4

Maximal Feret
A Minimal Feret

Density

10 100 1000
Size / pm

Fig. 3. Impact of size descriptor EQPC and Feret diameter on the particle size dis-
tribution of (a) spherical-shaped Celphere™ CP-102 and (b) rod-shaped Celous™
KG-1000 particles.

particles, the above relationship is not valid, and the selection of the
evaluation method will impact the resulting particle size distribu-
tion. Fig. 3a and b shows the particle size distributions obtained
with spherical (Celphere™ CP-102) and rod-shaped (Ceolus™ KG-
1000) MCC particles using these different size descriptors. It is clear
that the selection of size descriptor showed little impact on the
particle size distribution of the spheres, whereas its impact on the
distribution of rod-shaped particles was significant. Note the parti-
cle size distributions are illustrated in density instead of frequency.
Expressing particle size distribution in density is a well-accepted
and preferred method, as it eliminates the impact of the width
of particle size interval on the form of the distribution (Sommer,
2001). The density in each size fraction is obtained by normalizing
the frequency by the corresponding band-width. For the same rea-
son, particle shape distributions are illustrated by density instead
of frequency distributions as well.

Though a variety of shape factors have been proposed to describe
the shape of non-spherical particles, it remains difficult to develop
a general shape factor that would differentiate between all possible
kinds of shapes (Podczeck, 1997; Hentschel and Page, 2003). Some
of the standard shape factors include the aspect ratio and sphericity.
Depending on the instrument manufacturer, the definition of these
terms may vary. For the current study with the QicPic, sphericity is
defined as the ratio between the perimeter of a circle that has the
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same projected area as the particle to the measured perimeter, and
is thus a value between 0 and 1. The aspect ratio is defined as the
ratio of the minimal and maximal Feret diameter, and is thus also
between 0 and 1. Based on these definitions, both sphericity and
aspect ratio of a sphere equal to 1.

3. Results and discussion
3.1. Analysis repeatability

The repeatability of the QicPic measurements was evaluated
using both the spherical (CP-102) and rod shaped (KG-1000) MCC
particles. Six replicate measurements were conducted with each
material using 0.5 bar sample dispersing pressure and 10-20% sam-
ple feed rate, and the particle size results are summarized in Table 1.
The relative standard deviations of the 10th, 50th, and 90th per-
centile of the particle size distribution were calculated and were
found to be less than 5%, indicating excellent method repeatability.

3.2. Comparison between the QicPic and HELOS

First, particle size results obtained with the QicPic and the con-
ventional laser diffraction technique HELOS were compared using
the spherical particles. The latter technique has been validated with
various particle size standards and is widely accepted in the phar-
maceutical industry for particle size characterization. If the optical
setup and data processing algorithm used by the QicPic was appro-
priate, then the particle size distribution of the spherical samples
obtained using the QicPic should agree well with that obtained from
the HELOS (Xu, 2000; Xu et al., 2003). The particle size distribution
reported by laser diffraction is the distribution of spherical parti-
cles with the same diffraction pattern as the measured particles
(Kohler et al., 2007). For this reason, it was expected that the EQPC
method would provide the best agreement with the laser diffrac-
tion data. It should also be noted that the particle size distributions
obtained from the QicPic were presented in a volume-weighted
fashion to be directly comparable to the HELOS data, which is by
nature volume-weighted (Yu and Erickson, 2007). Fig. 4a shows
the comparison results using the Celphere™ particles of various
sizes. Overall, good agreement was observed between the QicPic
and the HELOS results, indicating that the QicPic was able to pro-
vide accurate particle size distribution data. The only noticeable
difference was with Celphere™ CP-102. The particle size distri-
bution of CP-102 appeared to be coarser when analyzed using the
QicPic than with the HELOS. The 90th percentile of the distributions
(D90) were compared and showed that the D90 of CP-102 obtained
from the QicPic was coarser than that obtained from the HELOS,

Table 1
Illustration of method repeatability with the DIA
Samples Replicate D10 (pm) D50 (pm) D90 (pm)
s 1 167.8 219.3 280.6
cP- 2 1741 224.9 288.8
102 3 172.7 225.7 280.8
i 4 167.2 216.8 277.0
h 5 173.2 2271 289.6
) 6 167.4 218.1 278.2
RSD (%) 1.9 2.0 1.9
1 66.8 132.8 224.9
Ceolus 2 69.8 141.5 2454
KG- 3 66.9 133.8 228.2
1000 4 67.1 133.4 225.2
(rod- 5 67.2 134.7 231.2
shaped) 6 67.9 137.0 235.2
RSD (%) 1.7 24 33
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Fig. 4. Comparison of the particle size distributions obtained with the QicPic and
HELOS using (a) Celphere™ CP-102, CP-305 and CP-708; (b) Celous™ KG-1000.

and the difference was statistically significant (P-value = 2.62E—07,
ANOVA single factor). This was most likely due to a slight deviation
of CP-102 particle shape from spherical, and this hypothesis was
confirmed by the particle shape analysis (see later).

While the analysis of the spherical particles helped to cross-
validate the instruments, the analysis of non-spherical particles
revealed the intrinsic difference in the operating principles of the
two techniques. The rod-shaped Ceolus™ KG-1000 was analyzed
using both the QicPic and HELOS and the results were given in
Fig. 4b. The particle size distribution obtained with the QicPic
appeared to be much narrower than that obtained from the HELOS,
with the coarse ends of the distributions overlapping. Previous
studies have shown that laser diffraction tends to broaden the
particle size distribution, and the phenomenon has been par-
tially attributed to the data processing algorithms used and the
preferred-orientation-effect associated with some instruments (Xu
et al., 2003; Kelly and Kazanjian, 2006). Kelly and Kazanjian (2006)
demonstrated the latter effect by analyzing rod-shaped mono-sized
silicon dioxide particles with a laser diffraction particle size ana-
lyzer. Instead of obtaining a narrow size distribution (mono-sized),
apparent bimodal distributions were observed with each mode cor-
responding to the breadth and length of the particle. Kéhler et
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Fig. 5. (a) Aspect ratio distribution of Celphere™ CP-102, CP-305, CP-708 and
Celous™ KG-1000; (b) Sphericity distribution of Celphere™ CP-102, CP-305, CP-708
and Celous™ KG-1000.

al. (2007) studied irregularly shaped silicon carbide particles with
both the QicPic and HELOS and claimed that the difference observed
between the two techniques was mainly due to particle shape effect
on the evaluation procedure.

3.3. Particle shape analysis

The particle shape distribution of each single-component parti-
cle systems was evaluated with the QicPic, and the results were
compared with the SEM micrographs (Fig. 1a-d). The particle
shape was represented using both the aspect ratio and spheric-
ity, and the results are given in Fig. 5a and b. Among the three
spherical samples, CP-102 showed the broadest distribution in
aspect ratio, indicating the most significant deviation from spher-
ical (Fig. 5a). This result was consistent with the discrepancy
observed between the QicPic and HELOS particle size data, and
was confirmed qualitatively by the SEM micrographs (Fig. 1a). The
aspect ratio distribution of Ceolus™ KG-1000 differed significantly
from that of the Celphere™ particles, covering a broad range from
0.2 to 0.95. Comparison with the corresponding SEM micrograph
revealed that while the majority of the KG-1000 particles has aspect

ratios of less than 0.5, particle fragments present in the sample were
more equant with higher aspect ratios, consistent with the broad
distribution obtained using the QicPic.

The sphericity distributions were found to be very similar
among the spherical samples, but differed significantly from that
of the Ceolus™ KG-1000, which spanned a broad range from 0.4
to 0.9 (Fig. 5b). An attempt was made to relate the sphericity of
the Ceolus™ KG-1000 to its aspect ratio. Assuming a rectangular
projection, sphericity of a rod-shaped particle can be easily derived
from its aspect ratio as shown below:

s (HJT)O'S
1+n

where S is sphericity, and n is reciprocal of aspect ratio of the
particle. Using the upper and lower limits of the aspect ratio distri-
bution (0.2-0.95) led to a manually calculated range of sphericity
of 0.66-0.89. To understand why the lower end of the measured
sphericity (0.4) was smaller than the estimated sphericity (0.66),
the SEM micrograph was consulted. The sphericity is defined as
the ratio between the perimeters of an equivalent circle (circle with
the same project area as actual particle) and the real particle, so any
increase in particle perimeter without changing its projected area
would lead to a decrease in sphericity. The SEM micrograph reveals
that some KG-1000 particles were twisted and bent with rough
surfaces and it is probable that this led to an increase in particle
perimeter with little impact on the projected area. Consequently,
the measured sphericity was smaller than that derived from the
aspect ratio, which did not take into account these factors.

Overall, the data showed that the shape distributions obtained
from the QicPic agreed with the SEM micrographs semi-
quantitatively. While both the aspect ratio and sphericity could be
used to differentiate between the spherical and rod-shaped par-
ticles, the aspect ratio appeared to be more sensitive in detecting
small differences such as those presented among the spherical sam-
ples. Hence, in the subsequent studies the aspect ratio alone was
used to quantify the particle shape.

3.4. Binary particle systems

The data presented so far has demonstrated that the QicPic is
suitable for characterizing single-component systems with a vari-
ety of shapes. In this section, the DIA technique was challenged
with a series of binary particulate systems composed of varying
mass ratios of spherical and rod-shaped particles. The two com-
ponents used were the Ceolus™ KG-1000 and Celphere™ CP-102
particles. The mass fraction of Ceolus™ KG-1000 was denoted as X,
and was varied systematically between 0 and 1. At X; =0 and 1, the
system was composed of 100% Celphere™ CP-102 and Ceolus™
KG-1000, respectively. The number of particles measured in these
experiments was approximately 107.

Fig. 6a shows an overlay of the particle size (EQPC) distribu-
tions obtained at varying mass fractions of Ceolus™ KG-1000, the
lines shown in the graph are for eye-guide only. A mono-modal
distribution was obtained at X, =0, reflecting the characteristic of
Celphere™ CP-102. With an addition of 6% of the KG-1000, the
distribution became bi-modal with a second peak apparent on the
left. With further addition of KG-1000, the location of the modes
remained constant and the height of the peaks responded to the
controlled changes in the composition. As X, increased to 1, the
mono-modal distribution was recovered reflecting the property
of the KG-1000 sample. It was noticed that the particle size dis-
tribution responded to the composition change more sensitively
when the X; was small. For instance, notable change in the dis-
tributions was observed when X; was increased from 0 to 0.06
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Fig. 6. (a) Overlay of the particle size (EQPC) distributions obtained in CP-102/KG-
1000 binary particle systems with varying mass fractions of KG-1000 (denoted as
X,); (b) comparison of the computed and measured particle size distributions of
the mixture samples with varying compositions; (c) residual analysis between the
computed and measured distributions.

(demonstrated by the filled and open squares in Fig. 6a). How-
ever, when X; was increased from 0.4 to 0.47, the corresponding
distributions shifted only slightly (demonstrated by the filled and
open circles in Fig. 6a). The observation seemed to indicate that
the QicPic did not respond linearly to the variation in the sam-
ple composition. For further analysis, the measured particle size
distributions were compared against the computed distributions
of the mixture samples. The computed distributions of the mix-
ture samples were obtained by summing the distributions of the
pure materials (KG-1000 and CP-100) weighted by their respec-
tive mass fractions in the mixtures. Distributions of three mixtures
with X; equals to 0.16, 0.47 and 0.80 were computed and overlaid
with the corresponding measured distributions, and were shown
in Fig. 6b. The computed distributions were demonstrated with
lines and the measured distributions with individual symbols for
the ease of eyes. Apparent discrepancies were present between the
measured and computed distributions of the three mixture systems
analyzed. Residuals between the measured and the computed dis-
tributions (residual = computed density — measured density) were
plotted against the particle size in Fig. 6¢. The residuals obtained
with the three mixture systems showed similar patterns with nega-
tive values at small particle size and positive values at large particle
size. Since the peak at the small particle size range reflected the
presence of KG-1000, the data in Fig. 6b and c appeared to indi-
cate that the QicPic overestimated the amount of KG-1000 particles
present in the mixture samples.

Aspect ratio distributions of the above binary systems were also
measured, and the results are given in Fig. 7a. The aspect ratio
distribution obtained at X, =0 covered a range from 0.45 to 1.0, cor-
responding to the characteristics of Celphere™ CP-102. With the
addition of 6% of KG-1000, the distribution broadened by extend-
ing its lower limit to about 0.2. At X; =0.16, the distribution became
bi-modal with a second peak merging from the left hand side. Fur-
ther increases in the mass fraction of KG-1000 led to continuous
growth of this second peak and the decrease of the first peak. A
mono-modal distribution was recovered after X, reached 1. The
aspect ratio distributions of three mixture samples (X, =0.16, 0.47
and 0.80) were computed by summing the distributions of the pure
materials weighted by their respective mass fractions in the mix-
tures. The computed distributions were overlaid with the measured
distributions (Fig. 7b) and the residuals between each pair of distri-
butions were plotted against the aspect ratio (residual = computed
density — measured density) (Fig. 7c). Discrepancies between the
computed and measured aspect ratio distributions, similar to those
observed in the particle size distributions, were present. Residuals
were negative at small aspect ratio values and positive as aspect
ratio approached 1. Since the small aspect ratio values reflected
the presence of KG-1000, the data again appeared to indicate that
the QicPic overestimated the amount of KG-1000 material in the
mixtures.

It was suspected that the observed discrepancies between the
measured and the computed distributions were due to a parti-
cle porosity effect. While the measured particle size and particle
shape distributions were both volume-weighted, the computed
distributions of the binary mixtures were obtained using the mass
fractions of the pure components in the mixtures. The mass frac-
tions were used because of the similar true densities of the KG-1000
(1.53 g/ml) and CP-100 (1.52 g/ml) materials. However, additional
insights gained from the SEM images indicated that using the true
density may not have correctly reflected the actual volume frac-
tions occupied by the KG-1000 particles in the mixtures at the
given mass fractions (Fig. 1). The SEM pictures revealed that the
KG-1000 particles were tube-like with hollow interiors. For a given
mass, the volume occupied by the exterior of such particles could be
much larger than that estimated using the true density (1.53 g/ml).
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In other words, the apparent volume fraction of the KG-1000 in a
binary mixture could be (much) higher than that calculated using
its true density. Further analysis revealed that excellent agreement
could be achieved between the computed and the measured par-
ticle size and shape distributions with various X; values when the
volume fraction of the KG-1000 was estimated using an apparent
density of 0.44 g/ml. Note this value was found to be close to the
tapped density of KG-1000 (0.30 g/ml), which reflected the pres-
ence of porosity in the material. Additional studies with materials of
different porosities, morphologies and particle sizes may be needed
to further confirm this hypothesis.

4. Conclusions

The capability of the newly developed dynamic image analysis
instrument QicPic equipped with the high-speed dry-powder-
dispersing device was investigated systematically using various
MCC particles. Method repeatability was first evaluated by analyz-
ing both spherical and rod-shaped particles. Secondly, instrument
cross-validation was conducted by comparing the particle size dis-
tribution of spherical particles obtained with the QicPic and with
a conventional laser diffraction instrument (HELOS). While good
agreement was observed with spherical particles, significant differ-
ences were found when analyzing rod-shaped Ceolus™ KG-1000
particles, revealing the intrinsic difference in operating principles
between these two techniques. Thirdly, particle shape distributions
of several spherical and rod-shaped samples obtained with the
QicPic were compared to SEM micrographs, and semi-quantitative
agreement was obtained. Lastly, the QicPic system was challenged
with a series of binary particulate systems composed of both spher-
ical (CP-102) and rod-shaped (KG-1000) particles of varying mass
ratios. The particle size and particle shape distributions of these
binary mixtures were computed using the distributions of the pure
components weighted by their respective mass fractions. It was
found that the QicPic appeared to overestimate the amount of the
KG-1000 particles present in all the mixtures. Further analysis indi-
cated that due to the hollow interior of the KG-1000 material, the
actual volume occupied by the exterior of such particles could be
(much) larger than that estimated using its true density. It was
found that when an apparent density of 0.44 g/ml was used for
estimating the volume fraction of KG-1000, excellent agreement
between the measured and the computed distributions could be
obtained for the mixture samples.

It is expected that the capability of the QicPic to simultaneously
measure particle size and shape could help to provide valuable
insights into a variety of pharmaceutical processes where changes
in particle size and shape are often coupled. For instance, such
analysis could be used to understand the impact of particle size
and shape on powder mixing and segregation, so that excipients
with suitable size and shape could be selected to improve powder-
blending efficiency or minimize potential segregations.
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