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This study investigates the impact of micronization on the measured surface energy characteristics of an
active pharmaceutical ingredient (API), Ibipinabant, by inverse gas chromatography (IGC) using both a
fixed probe concentration, commonly used in standard IGC methods, and a fixed probe surface coverage
approach applied by the surface energy analyzer (SEA), a next generation IGC system.

The IGC measurements indicate an initial increase in surface energy, going from un-micronized to
micronized, followed by a reduction in surface energy with increasing micronization extent. This was
attributable to the change in the retention behaviour of the dispersive probes as a consequence of the
change in the probe surface coverage rather than a change in the actual surface energy of the materials
being analysed.

It was observed in the SEA data that micronization leads to an increase in the measured dispersive
surface energy of the drug substance with increasing micronization extent. The increase in surface energy
is primarily due to the generation of new, higher energy interaction sites, although a small additional
increase is also observed which is related to the increase in the number and distribution of high energy
sites.

The results demonstrate that in order to obtain comparable surface energetic data between batches
with varied surface area, and presumably between different materials, results should be obtained at a
specific, and constant, probe surface coverage.
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1. Introduction

Micronization is a commonly used technique within the phar-
maceutical industry often used to produce particles in the 1-30 wm
range. Air jet micronization is a process that uses high pressure
air to micronize friable materials into ultra-fine powders. The high
pressure expanding air jets are used to entrain and accelerate
the particles within the mill chamber. The induced high speed
rotation subjects the entrained materials to undergo high speed
particle-particle collisions which create increasingly smaller par-
ticles. Screens are used to classify the maximum particle size limit,
with particle too large to pass through the screen remaining within
the chamber for further milling. The impact of this aggressive
milling process on particle properties is an area of significant inter-
est within the pharmaceutical industry.
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Over the course of the last 30 years, inverse gas chromatogra-
phy (IGC) has become an established tool for the investigation of
the surface energy characteristics of non-volatile materials within
the pharmaceutical industry. With the introduction of the new sur-
face energy analyzer (SEA) the probe injection approach has been
altered. Instead of using the fixed partial pressure injection method
traditionally utilized by standard IGC systems, the SEA applies, with
knowledge of the sample surface area, a range of targeted surface
coverages, which can then be used to regress back to the 0% cov-
erage dispersive surface energy for a sample. This latter approach
should provide truly comparable results between samples, remov-
ing any ambiguity relating to differences in probe coverage due
to differences in particle characteristics such as surface area. This
clarification in surface coverage may enable better correlation of
the measured surface energy parameters of materials with other
surface characteristics. Inverse gas chromatography is a powerful
technique capable of determining the surface energy components
of an ‘unknown’ sample, acting as the stationary phase, which is
packed into a silanised glass column. The surface energy compo-
nents are determined from the retention times of a range of ‘known’
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dispersive and polar probes (the mobile phase) which interact with
the surface of the sample (Thielmann, 2004). The net retention vol-
ume (Vy), a fundamental surface thermodynamic property of the
solid-vapour interaction, is obtained from Eq. (1):

VN=%~F'(tR7tO)'(ﬁ> (1)

where j is the James-Martin correction, m is the mass of sample
in the column (g), F is the carrier gas flow rate (cm3/min), tg is
the retention time of the probe (minutes), ty is the mobile phase
hold-up time (minutes), and T is the column temperature in Kelvin
(K). Surface energy can be described as the sum of the dispersive
and specific contributions. Dispersive (apolar) interactions, also
known as Lifshitz—van der Waals interactions, consist of London
interactions which originate from electron density changes (the
force between two instantaneously induced dipoles) but may also
include both Keesom (the force between two permanent dipoles)
and Debye (the force between a permanent dipole and a corre-
sponding induced dipole) interactions. Specific (polar) interactions
explain all other types of interactions. The dispersive component
(yg) can be calculated from the retention time of a series of n-alkane
probes injected at infinite dilution (probe concentrations within
the Henry’s portion of the sorption isotherm, where the change of
probe-probe interaction is assumed negligible and any retention is
therefore only due to probe-solid interactions), typically using the
relationship (Eq. (2)) proposed by Schultz et al. (1987):

1/2

1/2
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where R is the universal gas constant (J/mol K), a is the molecular
cross sectional area of adsorbates (m?2), N, is Avogadro’s number,
y]'? is the dispersive component of surface free energy of the liquid
probe (J/m?), yg is the dispersive component of the free energy of
the solid (J/m?), and C is a constant.

The dispersive component of the free energy is thus obtained

from the gradient of a plot of RTIn Vy versus a(yP)]/z. The specific
contributions for the polar probes are obtained from the specific
free energy of adsorption (AG) which is the vertical distance of
the polar probe from the dispersive probe reference plot. Using
the Gutmann (1978) approach liquids can be described in terms of
their electron accepting and electron donating properties, and are
accordingly assigned an acceptor (AN*) and/or donor (DN) number.
If the entropic contributions are assumed to be negligible (Papirer
et al., 1988), the acid-base interactions of polar probes with a solid
surface can be described using Eq. (3):

—AG =Ky - DN + Kp - AN* 3)

The Lewis acid (Ka) and base (Kp) parameters for a range of polar
probes can therefore be obtained from the slope and intercept
respectively of a plot of (—AG/AN*) versus DN/AN* in accordance
with Eq. (4):
-AG ( DN
AN* T \ AN*
The van Oss (1994) concept divides the specific component of
surface energy into an acid (Lewis acceptor), 5", and a base (Lewis

donor), s~ contribution, the values of which can be obtained from
the specific free energy using Eq. (5):

) Ka + Kp (4)

—AG=Np-a-2-((f x )P+ < v (5)

If monopolar acidic and basic probes (such as chloroform and
ethyl acetate) are used the specific component of the surface energy
can be determined using just two probes by means of an abbrevi-
ated version of the Owens and Wendt (1969) approach (Eq. (6)):

yeh =2y/(y~ x y*) (6)

An alternative to the Schultz approach for determining the dis-
persive component (Eq. (7)) was proposed by Dorris and Gray
(1980):

o [RT In(VN(C,, 1 Honya) )/ VN(CaHans )]
-
4N/2\ ’ a%Hz - VcH,

(7)

where acy, is the surface area of a CH; unit (~6 A?) and YCH, 1S
its free energy (approximately 35.6 m]/m?2). Although the value for
YcH, Was based originally on a vapour-liquid interaction, a simi-
lar value for solid-vapour interactions is likely as Dorris and Gray
showed that, for the adsorption process from an ideal gas phase
to an ideal adsorbed phase, the adsorbability is independent of the
chain length of a homologous series of the alkanes. With respect
to the use of the cross-sectional area of a CH, group, Dorris and
Gray assumed the area occupied by a CH, group in the surface is
the same as the cross-sectional area that it occupies in a paral-
lel arrangement of n-alkane chains in the bulk liquid. Previously,
Aveyard et al. (1972) indicated that the reorientation of the chains
may contribute little to the work of adhesion and also indicated that
the alkanes have the same parallel orientation at the liquid-liquid
and the vapour-liquid interfaces. As an overall consequence, the
Dorris and Gray approach has been shown to have less dependence
on the probe input parameters, than the Schultz method (Shi et al.,
2011). When the Dorris and Gray approach is used the dispersive
component of the surface energy is obtained from a plot of RTIn Vy
versus the carbon number of the alkane solutes. For this approach
the specific free energy of absorption values are obtained from a
plot of RTIn Vy versus the molar deformation polarization (Dong
et al., 1989) of the probes, Pp, which is obtained using Eq. (8):

(MW - (r2 = 1))
(or-(r2+2))

where MW is the molar mass of the probe, r is the reflective index
of the probe, and p; is the probe liquid density.

Both approaches for the determination of the dispersive compo-
nent have been demonstrated to yield comparable results (Voekel
et al., 2008). One basic assumption of the both approaches is that
the retention behaviour of the dispersive probes is independent
of the injection size, and this assumption has only recently been
started to be probed with work to determine the impact of probe
volume (surface coverage) on the measured retention volume (Ho
et al,, 2010, 2011; Yla-Madihdniemi et al., 2008).

Applications of IGC are wide ranging and include the moni-
toring of batch-to-batch variation (Gamble et al., 2010; Ticehurst
et al., 1996), the impact of different processing routes (Thielmann
et al,, 2007), the detection of low levels of process induced disor-
der (Feeley et al., 1998), investigating the interactions of excipients
and drug substances (Tay et al., 2010; Traini et al., 2008), and the
relationship of polar data with tribo-electric charging of materials
(Ahfat et al., 2000) to name but a few.

The use of IGC for monitoring the impact of milling processes,
such as micronization, on the surface properties of materials has
been another of the more widely reported applications (Balard
et al., 2008; Chamarthy and Pinal, 2008; Heng et al., 2006; York
et al., 1998). The finding of these studies commonly indicate that
the milling process leads to an increase in the dispersive sur-
face energy of a material with the increase in surface energy
often being attributed to the relative exposure of newly created,
higher energy crystal faces and/or amorphous sites due to parti-
cle fracture/breakage. However, a number of researchers have also
reported areduction in dispersive surface energy with milling (Ohta
and Buckton, 2004; Otte and Carvajal, 2010), an observation which
has been suggested to result from annealing of the surface.

One factor often overlooked in these investigations, however,
is the impact of the change in surface area achieved through a

Pp = (8)
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Fig. 1. Structure of Ibipinabant.

milling process on the retention behaviour of the dispersive probes.
Although the technique itself is particle size/surface area indepen-
dent as a consequence of the use of an infinite probe injection
volume, this does not necessarily mean that a change in the surface
area cannot itself impact the measured dispersive surface energy.
One could argue that a significant change in the surface area of
a sample is indeed equivalent to a change in the probe injection
size as the surface coverage of a probe, and hence the distribution
of energetic sites interacted with, may change when injected at a
constant probe volume. An additional complication is that such dif-
ferences in sample surface areas may also affect each of the probes
to varying degrees; the vapour pressure of each probe will deter-
mine the actual number of probe molecules injected and so probes
with relatively fewer probe molecules may be more affected by
a change in sample surface area compared to those with higher
numbers of probe molecules. Hence a situation could be proposed
where a change in the measured surface energy could be achieved
through an alteration of the width of the distribution of energetic
sites/probe interactions, i.e. a change in probe surface coverage as
a consequence of a shift in surface area, rather than a change in
the surface energy per se. In all likelihood, any change in dispersive
surface energy is likely be a mixture of mechanisms, but to eluci-
date the impact of milling it is important to separate increases in
energy due to the generation of higher energetic sites (e.g. through
crystalline disruption and/or exposure of new higher energy crys-
tal faces) from any possible energy increase due to the change in
surface area. With the introduction of the new SEA this distinction
can now be more readily investigated. The aim of this study was
to investigate the impact of micronization on the surface energy
characteristics of an active pharmaceutical ingredient (API), Ibipin-
abant, using both fixed probe concentration (IGC) and fixed probe
surface coverage (SEA) approaches.

2. Materials

The material (Fig. 1) used during this study was Ibipinabant, a
poorly soluble (Biopharmaceutical Classification System class II)
drug substance, which had been micronized using a MC-200 jetmill
(Jetpharma, Balerna, Switzerland) to varying levels; additionally
an un-micronized batch of the drug was also analysed during the

Table 1
Micronization process conditions.
Batch reference Pressure (bar) Feed rate (g/min) Milling energy
(KNm~—2 min-1)
7B30504 N/A N/A N/A
7C31536 1.5 120 150
7C31538 12 4 200
7C31560 2 100 300
7C31562 3 80 1200

study. The micronization conditions are detailed in Table 1, with
the milling energy (E) defines in Eq. (9):

P xF

E=M

9)

where P is the milling pressure (kN/m?), Fis the feed rate (kg/min),
and M is the mass of material milled (kg).

3. Methods
3.1. Inverse gas chromatography

The dispersive surface energy of samples was determined by
inverse gas chromatography using both a SMS-IGC and a SEA-IGC
(both from Surface Measurement Systems, Alperton, Middlesex,
UK). The samples were packed into 0.3 m (3 mm inside diame-
ter) silanised glass columns, plugged at either end by silanised
glass wool. The samples were conditioned at 30°C (303 K), 0% RH,
10cm3/min for 2h prior to analysis. The same sample columns
were tested in both systems so as to remove any sample packing
differences. The methods used for each system are detailed below.

3.1.1. SEA

Arange of dispersive probes; undecane, decane, nonane, octane,
heptane, and hexane were injected at a range of fractional surface
coverages (0.15-20%) in order to determine the concentration free
dispersive surface energy (i.e. the dispersive surface energy at 0%
probe coverage). The polar free energy of adsorption analysis was
determined using a range of polar probes; 1,4-dioxane, acetone,
acetonitrile, chloroform, ethyl acetate, and ethanol at an equiva-
lent range of fractional surface coverages as used for the dispersive
probes. The column dead time was determined using an inert probe,
methane (0.208 cm3 injection volume). For the purposes of com-
parison, the values reported are nominally the 5% surface coverage
values as well as the regressed 0% coverage results. The dispersive
component was obtained using the Dorris and Gray approach and
the polar components obtained using the polarization approach.
Due to the long analysis times for the SEA heterogeneity method,
samples were not analysed in replicate. The variability between
measurements for the SEA instrument is notably lower than IGC as
the system uses the same pipe line and injection manifold for every
injection, thus the standard deviation of the measurement is small,
typically ~2%, and much smaller for low surface energy materials.

3.1.2. IGC

A range of dispersive probes; decane, nonane, octane, heptane,
and hexane were injected at a partial pressure of 0.03p/po. Two
polar probes; ethyl acetate and chloroform were also injected at
the same partial pressure as used for the dispersive probes. The col-
umn dead time was determined using an inert probe (methane at
0.2p/po). The dispersive component was obtained using the Schultz
approach. The same columns were used for both SEA and IGC meth-
ods. The micronized samples were analysed in triplicate, and the
un-micronized sample was analysed in duplicate.

3.2. Specific surface area

The samples were analysed using a Gemini 2390A surface area
analyser (Micromeritics, Norcross, USA). Samples were out-gassed
for 70 h at 50°C under nitrogen gas prior to analysis. Samples were
then evacuated at a rate of 500 mmHg/min for 5min and equi-
librated for 5min. Multipoint measurements (8 points) over the
range of 0.05-0.3pg were performed, and linearity within the B.E.T.
range confirmed.
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Fig. 2. Geometric (volume based) particle size distributions of micronized batches
(red =7C31538; maroon =7C31562; green=7C31560; blue=7C31536).

3.3. Particle size

The particle size of the materials was determined using a Mor-
phologi G3S particle characterisation system (Malvern Instruments
Limited, Malvern, UK). Samples were wet dispersed in iso-octane
(containing less than 0.1% lecithin) and then pipette onto micro-
scope slides prior to analysis. Particle imaging was conducted using
a 20x magnification lens (1.8-100 wm resolution range) with z-
stacking enabled (taking 3 additional planes above the point of
focus, equivalent to 16.3 pm) to account for some degree of three-
dimensionality within the sample. Morphological filtering was
applied on a sample by sample basis in order to remove any aggre-
gated and/or overlapping particles from the final analysis (Gamble
etal., 2011).

3.4. Scanning electron microscopy (SEM)

The samples were sputter coated using a JFC-1300 auto fine
coater (Jeol Inc, MA, USA) and then imaged using a Neoscope JCM-
500 (Jeol Inc., MA, USA).

4. Results and discussion
4.1. Surface energy analyzer results

The dispersive surface energy results from the SEA (at a surface
coverage of 5%) are shown in Table 2. The 5% coverage value was
selected as it incorporated most of the range of higher energetic
sites available in the analysed samples. The results demonstrate
an inversely proportional relationship with the median geomet-
ric particle size whilst the surface area is observed to be directly
proportional. Comparison of the geometric (volume based) and
arithmetic (number based) particle size data (Figs. 2 and 3, respec-
tively) indicates a bimodal geometric distribution and a skewed
normal arithmetic distribution. This suggests that the geomet-
ric median size is closely linked to the presence of a relatively
small population of partially micronized (large volume, low surface
area) particles, an observation that is corroborated by SEM analysis
(Fig. 4). This would also suggest that the energetic sites for inter-
action of these larger particles must therefore be notably lower in
energy than that of the micronized material, as the available sur-
face for interaction for these large volume (and also low population
density) particles is significantly smaller than for the micronized
particles, and this is indeed observed for the un-micronized
sample.

The regressed to 0% coverage dispersive surface energy values
for three of the four micronized samples are observed to follow a

CE Diameter (um) smoothed over 40 points

08

or

03

02

A\
01 A\Y
N

N

01 1 10 100 1000
CE Diameter (um)

Fig. 3. Arithmetic (number based) particle size distributions of micronized batches
(red =7C31538; maroon =7C31562; green=7C31560; blue=7C31536).

similar pattern as the 5% coverage results (an explanation for the
deviation for the forth sample will be dealt with subsequently);
the data indicates that the dispersive surface energy at both 0% and
5% coverage increases with the extent of micronization, with the
change in the 5% data seen to be slightly more pronounced than
that of the 0% data.

The surface energy heterogeneity data (Fig. 5), a map of dis-
persive surface energies over a range of probe surface coverages,
shows that as the materials are further micronized there is an
increase in the energy of the highest energy sites (0% coverage)
available for interaction, and hence a shift in the position of the
distribution. The heterogeneity distribution for the un-micronized
material is observed to indicate a wide range of energetic sites avail-
able, but the shape of the distribution would suggest that the high
energy sites are noticeably lower in number (indicated by a much
steeper decline with surface probe coverage) than the micronized
batches.

However, the heterogeneity data for the micronized batches also
suggests that as the surface area increases, the range of energetic
sites that the dispersive probes interact with narrows, such that
the obtained mean dispersive surface energy could be expected
to further increase, due to probes interacting primarily with a
narrow range of higher energy sites due to the increase in sur-
face area/number of sites available for interaction, as previously

Fig. 4. SEM image for batch #7C31536.
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Table 2
Summary of results.

Batch Geometric particle  Specific surface  Dispersive surface energy (mjJ/m?) AGsgp at 5% AGigc at 0.03p/po
reference size, Dsg (um) area (m?/g) coverage (kJ/mol) (kJ/mol) (SD)
SEA (at 0% SEA (at 5% IGC (at Ethyl acetate Chloroform Ethyl acetate Chloroform
coverage) coverage) 0.03p/po) (SD)
7B30504 79.10 0.20 47.77 32.29 40.56 (0.45) 5.74 5.19 6.87(0.01) 0.31(0.01)
7C31536 32.08 1.08 41.45 35.43 50.78 (0.38) 6.22 5.70 7.67 (0.06) 0.52(0.02)
7C31560 16.47 1.53 48.17 39.71 47.12(0.08) 6.20 5.61 8.08 (0.01) 0.56 (0.05)
7C31562 13.08 1.42 44.70 40.19 49.84 (0.64) 6.14 5.58 8.05(0.03) 0.91 (0.08)
7C31538 7.785 4.32 45.44 42.30 46.38 (0.33) 5.45 4.96 8.63(0.06) 0.79 (0.04)

suggested. The subtle difference in the slope between the dispersive
surface energy at both 0% and 5% coverage would therefore sug-
gest that the increase in the dispersive surface energy is primarily
related to the generation of new, higher energetic probe interac-
tion sites and/or exposure of crystal faces with higher energy than
the habit faces (indicated by the 0% results). However, an additional
increase in the measured surface energy (at 5% surface coverage)
with increasing micronization extent is also observed due to a nar-
rowing of the probe interaction distribution as a consequence of an
increase in the relative number of high energy faces available for
interaction.

As previously noted one of the batches, 7C31560, does not fol-
low the previously discussed trends (e.g. dispersive surface energy
versus specific surface area) as well as may be expected, but rather
appears to have a similar energy distribution to the un-micronized
material. The surface area data for this batch is also observed to
be slightly lower than expected for the measured particle size
which indicates that the width of the particle size distribution has
changed. This batch is clearly observed to have a notably higher
than expected ‘0% coverage’ energy, but also a wider distribution
of energetic interactions thus drawing the mean dispersive surface
energy value obtained by both systems down although the impact
on the IGC data is more significant due to the additional decrease in
probe surface coverage. This would suggest that although a mate-
rial of target particle size has been achieved during micronization,
the surface energy characteristics are not aligned with the other
batches as the sample has a higher than expected energy at low
surface coverages combined with a wider distribution (lower num-
ber) of median energy sites) than would have been predicted from
the other three micronized samples.

30

Dispersive Surface Energy (mJ/m?)

25
0 1 2 3 4 5 6 7 8 9 10

Surface coverage(%)

Fig. 5. Surface heterogeneity results at between 0% and 10% surface probe coverage
for batches having undergone varying mill energies. 7C31562 (1200 kN m~2 min~1)
[A ] 7C31560 (300kNm—2min~') [M ], 7C31538(200kNm~2min~') [A ],
7C31536(150 kN m~2 min~!) [0 ] and 7B30504 (un-micronized) [ ].

4.2. Comparison of IGC and SEA data

To investigate the impact of the probe injection method on the
measured dispersive surface energy results, the samples were also
tested on a traditional IGC instrument using a fixed volume probe
injection approach. In theory, due to the use of a fixed volume injec-
tion approach, the IGC (at a partial pressure of 0.03p/pg) would be
more susceptible to the impact of the change in surface area, and
so one could argue that as surface area increases the agreement
between IGC and SEA results should reduce due to IGC results over-
estimating the actual increase. The results do indeed demonstrate a
divergence between IGCand SEA, however, interestingly the results
for the micronized samples are inverse of the expected trend with
the agreement between the results increasing with increasing sur-
face area. The results also show an inverse relationship to each
other, with the IGC data suggesting, after an initial increase from
the un-micronized material, a decrease in the dispersive surface
energy of the material with micronization extent/surface area. As
previously discussed, the mechanism which has been proposed by
other authors for such a reduction in the dispersive surface energy
of amaterial with increasing extent of milling has been suggested to
be due to annealing of the surface prior to analysis. However, with
the SEA data showing an inverse relationship to the IGC data this
mechanism cannot be attributed as both sets of data were gener-
ated on the same sample columns. In this circumstance the reason
for the difference must be related to the difference in the probe
volume approaches used by the two systems.

As the IGC method uses a fixed volume, based on partial pres-
sure, the actual number of probe molecules injected will differ for
each probe in line with their respective vapour pressure, hence
an equivalent volume injection of a higher carbon number disper-
sive probe will introduce less probe molecules than a lower carbon
number probe at an equivalent partial pressure and temperature.
When the probe surface coverage for each of the dispersive probe
injections in the IGC method are calculated, the results (Fig. 6)
demonstrate that the retention volumes of the higher carbon num-
ber dispersive probes are affected to a greater degree by the change
in the sample surface area; for example hexane retention volume
is 6.6 ml/g at a surface area of 1.1 m2/g and reduces to 2.1 ml/g at
a surface area of 4.3 m2/g (31.8% reduction), compared to 819 ml/g
and 217 ml/g(73.5% reduction) respectively for decane. This would
indicate that an increase in the retention time of all probes would
be observed with increasing sample surface area; however, the
increase would become more pronounced with increasing disper-
sive probe carbon chain length. As a consequence, the value for the
gradient of the plot of net retention volume (RTIn Vy) versus the

vapour surface property (a(yfv)o's) is observed to decrease with
increasing surface area, thereby artificially decreasing the resul-
tant measured dispersive surface energy. The equivalent plots for
the SEA data shows that the gradient is observed to increase with
surface area. This would explain the observed inverse relationship
in the dispersive surface energy values obtained from the two sys-
tems, and would also suggest that the actual change in surface
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energy is generally small such that its impact in the IGC data is
over-shadowed by the effect of the surface area on the probe surface
coverage.

The same types of trend are also observed in the polar probe
data which leads to significantly greater variability in the calcu-
lated specific component of the surface energy values from the IGC
when compared to those obtained from the SEA (Fig. 7). The data
from the SEA shows a gradual increase in the specific component of
the surface energy of the material with increasing surface area (and
milling extent), whilst the IGC data does not indicate any clear rela-
tionship. The source of this error could reside in the observation that
the free energy of absorption values for chloroform show an order
of magnitude difference between the two systems. This variabil-
ity in the free energy of adsorption results, and hence any derived
Lewis acid-base numbers (K4 and Kp), obtained using IGC data will
have a direct impact on any analyses where the polar probe data is
to be used to correlate to another material characteristic, for exam-
ple, Ahfat et al. (2000) who found a ‘possible’ relationship between
aratio of the Lewis acid—-base numbers of a range of materials with
their propensity for tribo-electric charging.

5. Conclusions

A comparison of the dispersive surface energy data for the mate-
rials analysed using fixed probe volume (IGC) and fixed surface

coverage (SEA) methods enabled comparison of the results
obtained from both systems. The results indicated that the fixed
probe volume (IGC) data was inherently more sensitive to changes
in the physical properties of the material being analysed, and as a
consequence reported a reduction in surface energy with increas-
ing surface area. This apparent reduction in the dispersive surface
energy measured by IGC with increasing milling energy was shown
to be partly attributable to the change in the retention behaviour of
the dispersive probes, as a consequence of the change in the probe
surface coverage. The change in probe surface coverage in the IGC
data was demonstrated to affect a change in the measured sur-
face energy due to the probe injection volume remaining constant
whilst the sample surface area varied. The impact of the change
in surface area was also demonstrated to have a variable effect on
each of the dispersive probes, with the lower carbon number dis-
persive probes observed to be significantly more sensitive to the
change in the sample surface area, thus explaining the observed
decrease in dispersive surface energy with surface area for the IGC
data. Equivalent probe variability was also observed for the polar
probe data.

The results, as measured by SEA, demonstrated that microniza-
tion did lead to an increase in the measured dispersive surface
energy and surface area, of the drug substance with an increas-
ing extent of micronization. Through use of the SEA data at varied
surface coverages the measured increase was found to be primarily
related to the generation of new higher energy interaction sites. A
small additional increase related to the increase in the number of
high energy sites, and thus a narrowing of the energy distribution,
was also demonstrated.

It is clear from these results that in order to obtain compara-
ble surface energetic data between batches with varied surface
area, and presumably between different materials, results should
be obtained at a specific, and constant, probe surface coverage.
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