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Abstract

Calorimetric methods (isothermal or solution calorimetry) offer the ability to detect amorphous contents to 0.5% (w/w)
or better in processed pharmaceuticals and calorimetric data are becoming more widely accepted in regulatory submissions.
However, both methods require the construction of calibration curves, prepared using quantitative physical mixtures of entirely
amorphous and entirely crystalline material. If the sample under investigation exists in two or more isomers or polymorphs, and
the enthalpy of solution (solution calorimetry) or the enthalpy of crystallisation (isothermal calorimetry) are different for the
isomers or polymorphs, then it must be ensured that the batch of material used to prepare the calibration samples has the same
isomeric or polymorphic composition as the (processed) material to be tested. Here, we demonstrate the problems that may arise
using lactose as a pharmaceutically important model substance. Calibration curves were prepared from solution calorimetry
and isothermal gas perfusion calorimetry data using two batches of lactose (one predominantly aniyattase and one
predominantlyB-lactose). The calibration curves are shown to be significantly different for the two batches, and it is shown
that quantification of the amorphous content of a processed sample of unknown isomeric composition is impossible, unless the
calibration curve is prepared from the same batch of material as the processed sample. In addition, some of the other problems
inherent in using isothermal gas perfusion calorimetry for amorphous content determination, such as wetting issues and the
preparation of calibration standards that mimic processes samples, are discussed.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction cess control because many manufacturing steps, such
as spray-drying, milling or compression, can induce
Understanding the effects of processing on solid the formation of (thermodynamically unstable) amor-
pharmaceuticals is an essential prelude to attaining pro- phous regions in what are often presupposed to be
crystalline materials. The effects of even small (on
"+ Corresponding author. Tel.: +44 20 7753 5858: the ordgr of 0.5-1%, wi/w) amorphpus contents can
fax: +44 20 7753 5942. be considerable, because these regions frequently exist
E-mail addressgraham.buckton@ulsop.ac.uk (G. Buckton). on the surface of materials and are thus ideally posi-
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tioned for interaction. Many potential processes, which isomeric or polymorphic composition of the unknown
have been well-documented elsewhéfaricock and (processed) sample. The effect is likely to be greatest
Zografi, 1997; Hancock and Parks, 200€an occur if for polymorphic samples. Furthermore, it is virtually
amaterial thatis amorphous (or partially amorphous) is impossible to prepare calibration standards that mimic
used in aformulation. The detection, quantificationand the type of partially amorphous material formed during
management of small amorphous contents therefore processing (i.e. crystalline particles which are partially
play a central role in the implementation of automated amorphous on the surface); this necessitates the use
process control (APC) during manufacturing. of a number of assumptions during data analysis. It is
We have long advocated the use of calorimet- the purpose of this paper to discuss these issues and
ric techniques to analyse such samples, principally to demonstrate the problems that may arise during
because modern instruments are extremely sensitiveconstruction of a calibration curve using a model
(routinely detecting nano-Watt signalSaisford and example, lactose (which exists i and 3 isomeric
Buckton, 200} Two principal calorimetric meth-  forms), as a pharmaceutically important example.
ods can be employed: solution calorimetyao and
Rytting, 1997 or isothermal calorimetryRamos et
al., 20053. In the former, the enthalpy of solution is 2. Materials and methodology
measured when the solid sample dissolves in a liquid
reservoir, and in the latter, the enthalpy of crystallisa-  Two batches of lactose were used in this study,
tion is recorded as the amorphous regions are inducedobtained from Borculo Whey Products (Cheshire, UK)
to crystallise (usually by exposure to a plasticiser, often and from Sigma-Aldrich (UK). From this point for-
humidity). The methodology in either case is simple; wards, the Borculo Whey Products batch will be
a range of samples of varying amorphous contents is referred to asx-lactose and the Sigma—Aldrich batch
prepared (usually by proportional mixing of entirely asp-lactose.
amorphous and entirely crystalline material); the mea-  The precise isomeric composition of each batch of
sured enthalpy of solution or enthalpy of crystallisation lactose was determined by gas chromatography (GC,
is quantitatively proportional to the amorphous content, data shown iffable 1 data are quoted throughout with
which allows the construction of a calibration curve.  a standard deviation (S.Doy,—1) which represents a
Using these methodologies, we have shown previ- confidence limit of 68%), using the protocol devised by
ously thatitis possible to detect amorphous contents to Dwivedi and Mitchell (1989)Briefly, a CP 9001 Gas
+0.5% (w/w) with both solution calorimetryHogan Chromatograph (Chrompack) with a CPsil-5CB cap-
and Buckton, 2000 and isothermal calorimetry illary column (0.25mm (i.d.x 10 m length) (Varian)
(Dilworth et al., 2004. Of course, as with any other and a flame ionisation detector was employed. Lac-
similar analytical approach, the construction of the tose samples were derivatised prior to GC analysis to
calibration curve is critical if the results of any prevent mutarotation from thg-form to thea-form
subsequent investigation are to have any value. Foronce in solution. Dry lactose (1 mg) was dissolved
calorimetric methods, if the study material has more in a derivatisation mixture (comprising 22% trime-
than one isomer or polymorph, and the enthalpies of thilsilylimidazole (Fluka), 19.5% dimethyl sulphoxide
solution or crystallisation of the isomers or polymorphs (Acros Organics) and 58.5% pyridine (Acros Organ-
are different; then, it is essential that the material ics), 2.25mL) and vortexed for 2 min. Samplegu(1)
used to prepare the calibration curve matches the were then injected onto the column (the following

ﬁg’i&simeric compositions of the lactose batches as supplied and post spray-drying, as determine$$)GC (
Supplier Crystalline material Spray-dried material

a-Lactose (%) B-Lactose (%) a-Lactose (%) B-Lactose.) (%)
Borculo 944+1.2 5.6t 1.2 66.2+1.4 33814

Sigma-Aldrich 14.0+0.9 86.8- 0.9 65.4+2.0 34.2- 2.0
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operating conditions were used: injector port tem-
perature, 300C; detector temperature, 250; col-
umn outlet temperature, 26C; column heating rate,
10°C min~1; carrier gas, helium at 55 kPa). Data were
collected using the Prime Multichannel data station for
windows (HPLC Technology, Ltd.). The relative areas
under thex- andp-lactose peaks were used to calculate
the percentage of each isomer in the mixture. Experi-
ments were conducted in triplicate.

15

fied reference material (CRM) sample of KCI (NIST,
Gaithersburg, USA). Experiments were performed in
triplicate.

2.2. Isothermal calorimetry
The partially amorphous samples used to con-

struct the calibration plots were prepared by directly
weighing proportional masses of the appropriate crys-

Amorphous lactose samples were prepared from talline and amorphous materials into the calorimet-

a 10% (w/v) solution (Bchi 190 mini spray-drier),
using the operating conditions described previously
(Chidavaenzi et al., 1997spray-dried samples were

ric ampoule. The mass of the crystalline component
was kept constant in all the mixtures (&®.01 mg)
and an appropriate amount of spray-dried material

stored in a desiccator over phosphorus pentoxide. Con-was added to make 1, 3 and 5% amorphous sam-
firmation of the amorphous nature of the yield was ples (this methodology allowed two methods of data
obtained using PXRD (data not shown). The isomeric analysis—discussed below). All lactose samples were
compositions of the amorphous samples were also passed through a sieve stack prior to weighing and
determined by GCTable ). It can be seen that irre-  only the <125.m fraction was used for experimenta-
spective of the isomeric composition of the starting tion. The mixtures were made reasonably homogenous
material the amorphous material produced had the in the calorimetric ampoule by tapping and rotating
same composition. the ampoule a number of times before loading onto
the perfusion apparatus (an alternative method would
have been to sample from a larger batch of material
that had been mixed in a turbula mixer, while this
The partially amorphous samples used to con- method reduces the weighing error, there is the likeli-
struct the calibration plots were prepared by directly hood that the amorphous component will adhere to the
weighing proportional masses of the appropriate crys- mixing vessel walls which, at such low amorphous con-
talline and amorphous materials into glass crushing tents, is the more significant error). Calibration curves
ampoules. The mass of the crystalline component were then constructed for each of the isomeric samples
was kept constant in all the mixtures (28®.01 mg) listed inTable 1by plotting the measured heat of crys-
and an appropriate amount of spray-dried material tallisation (these were determined using two different
was added to make 1, 3 and 5% (w/w) amorphous analysis routines, discussed below) versus the known
samples, respectively. The ampoules were wax-sealedamorphous content.
using the method described yogan and Buckton Calorimetric data were recorded using a 2277
(2000) loaded into the solution calorimeter (2225 Thermal Activity Monitor (TAM, Thermometric AB,
Precision Solution Calorimeter, Thermometric AB, Jarfalla, Sweden) at 25C equipped with a gas perfu-
Jarfalla, Sweden) and allowed to reach a tempera- sion unit. Briefly, the unit controls the relative humidity

2.1. Solution calorimetry

ture offset of—180 mK from the thermostatting bath
temperature (TAM, 28C). Data capture was initi-

(RH) of a carrier gas flowing over the sample by propor-
tional mixing of two gas lines (0 and 100% RH) using

ated using the dedicated software package Softwaremass-flow controllers. This allows freshly loaded sam-

for Solution Calorimeter Systems v.1.2. Following an
electrical calibration, the ampoule was broken into sol-
vent (deionised water, 100 mL); complete dissolution
was ensured by stirring the mixture at 600 rpm. A
second electrical calibration was performed after the

ples to be held under a dry atmosphere, preventing the
onset of crystallisation and allowing the apparatus to

reach thermal equilibrium before the commencement
of data capture. Data were recorded every 10 s with an
amplifier range of 300QW using the dedicated soft-

break. Data were analysed using the dedicated soft-ware package Digitam 4.1. The RH programme started
ware package. The performance of the calorimeter was at 0%, switched to 90% after 5h and returned to 0%
checked periodically using the dissolution of a certi- after 15h. Data were recorded in triplicate. Peak anal-
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ysis was performed using Origin (Microcal Software 151
Inc., USA). e
) ¥ 101 F""
3. Results and discussion 5 ol
3.1. Solution calorimetry ©
2 104

Solution calorimetry was first applied to pharma- § 15
ceutical systems byikal et al. (1978)and several A
excellent discussions of its principles are available 201 Calibration  Break Calibration
(for instanceGao and Rytting, 1997; Yff et al., 20p4 0 10 20 30 40 50 60
The measured parameter is the enthalpy of solution Time (min)

(AsoH); for the dissolution of a pure substance,
the value obtained reflects contributions from bond F9- 1. Raw data from the solution calorimeter showing the dissolu-
breaking (endothermic) as the crystal lattice breaks tion of a 5% (w/w) amorphous sample eflactose into water and

. the two electrical calibrations.
apart AjatiiceH) and bonds formed (exothermic) as
the molecules are solvatedA{atiodd) and can  usingaseries of heat-balance equations (discussed pre-
be endothermic or exothermic, depending upon the viously; Yff et al., 2004, and integrated to obtain the
relative values of the two components. Its utility in heat of solution £soH). Fig. 2 shows the calibration
quantifying small amorphous contents is predicated curves constructed for both batches of lactose using the
on the relationship shown in E{L), which holds true  enthalpy of solution data obtained; the raw data are also
for binary mixtures of non-interacting specieGg0o given inTable 2

and Rytting, 199y Two important observations can be made. Firstly,
it is immediately apparent that there are significant
AsolHobs = XaAsolHa + XbAsolHb 1) differences between the two batches. Using entirely

] . crystalline samples, the enthalpy of solution of the
where AsoiHobs is the observed enthalpy of solution  |5ctose batch was determined to be 520.2Jg?
for a binary mixture of substances a and b, andHa while that of theB-lactose batch was 6:50.2Jg 2,

and AsoHp are the enthalpies of solution for the  corresponding to theintercepts of the two calibration
pure substances a and b, respectively. As has been

well-documentedNlotooka et al., 1969; Kishimoto et 60-

al., 1973; Pikal et al., 19798an amorphous material by R = 0.992

definition has no lattice enthalpy so its heat of solution 5 50 \

reflects AsovatiotH only. This usually differs signifi- 3

cantly from the enthalpy of solution of its crystalline & 40+

counter-part(s) and provides the necessary sensitivity 3 . g::z:gz:

to allow quantification of small amorphous contents. g Al

Previous studies (using-lactose monohydrate) have 2 s

shown that amorphous contents in lactose can be &

guantified to+0.5% (w/w) using solution calorimetry I 104

(Hogan and Buckton, 2000 — R’=0.999
Fig. 1shows the raw power output from the solution 0 r r T T T

calorimeter for the dissolution of a 5% (w/w) amor- 1 " . i 2

. . 0,
phous sample ofi-lactose. The solution calorimeter RIDRIPHOCR BRIETIE W),

_used here operatesona semi-adiabatic prlnC|pIe, rnean'Fig. 2. Calibration curves for the two lactose batches prepared from
ing the raw data recorded are of the form temperature enthalpy of solution data. The lines shown are linear regression fits:

offset versus time. Data are converted to power—time error bars are plotted, but fall within the symbols.
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Table 2 _ is simple to run, when lactose is the sample the data
Enthalpy of solution dataS.D.) for the two batches of lactose  gre complex and contain (usually) up to five phases.
(n=3) - We have recently discussed the likely causes of these
% Amorphous content AsoH (Jg) phases Dilworth et al., 2003 Two of the principal
a-Lactose B-Lactose problems of the mini-hygrostat method are that hydra-
1 559+ 0.1 57+ 0.1 tion is initigtgq exterr}ally from the_calorimeter (and_,
3 53.3+ 0.1 42+ 0.1 hence, the initial wetting, and possibly some crystalli-
5 50.7+ 0.1 28+ 0.3 sation, data are lost) and that there are imbalances in

the rate of water evaporation and condensation. To a

large extent, the water evaporation/condensation issue
plots. For both batches, the measured heats of solutionjs negated, if net heats are determined, but the problem
decrease as the amorphous content increases, reflectof injtiating reaction externally from the calorimeter is
ing the fact that the endothermic contribution from  an issue for samples that crystallise over a short (1-2 h)
AlatticeH is decreasing. Of course, one of the major con- time span.
cernsregarding the preparation of calibration curvesfor | thjs study, we opted to use RH perfusion to ini-
amorphous content determination is now clear; mea- tjate crystallisation because it obviates this problem;
surement of the enthalpy of solution of a sample of however, it also requires a different approach to data
lactose that is partlally amorphous would result in two ana]ysis' This is because, once the RH has been ele-
different estimates of amorphous content and, without yated, all the internal surfaces of the ampoule, as well as
prior knowledge of its isomeric composition, it would  the sample, are wetted, which produces a large exother-
be impossible to know which the correct value was.  mjc heat signal that often occurs over a time-period that

Secondly, the error limits are much smaller (the s |onger than the time required for the sample to crys-

greatest S.D. in the measurements bek@®3Jg™) tallise. In effect, the crystallisation signal is obscured
in this study than those reported jogan and  py the wetting response; an example of this is shown
Buckton (2000using the same equipment. Itis likely by the response of a 5% (w/w) amorphous sample of
that this is a result of the different methodologies used q-|actose, which is representedfiiy. 3 There are four
to prepare the ampoules. Here, we opted to weigh the ways to ameliorate the data:
appropriate masses of the crystalline and amorphous

material_s directly into the crushing ampoule, while in (i) Assume that the wetting response is uniform in all
the previous study, large batches of partially amorphous samples and measure the total heat released once
material were prepared by mixing (in a turbula mixer) the RH is increased

from which samples were taken and loaded into the
crushing ampoules. In the former method, a weighing

error is introduced (58 0.01 mg or R.S.D. 0.02%) but —

this is likely to be much lower than the errors inherent soo{ T —'———'———'———I—. '_Sa:n,,.e ,,se '

in mixing and sampling. It, therefore, appears that for 600- [ I

quantification of small (0.5%, w/w) amorphous con- S 4001 E

tents, the methodology reported here is preferable. o 2004 ! L.
E o - -

3.2. Isothermal calorimetry i -200] i [ 2
& -400 : - 20

A common approach to crystallise partially amor- 600 !
phous samples in an isothermal calorimeter is to use ~  1------ . S Lo
an elevated RH (maintained through the use of a mini- ————— T

T T T T
0 2 4 6 8 10 12 14 16 18 20

hygrostat located in the sample ampoule). The sample Time (h)

absorbs humidity, is plasticised and, after a time period
that varies in proportion to the amorphous content Fig. 3. The wetting and drying calorimetric response of a 5% (w/w)
and RH selected, crystallises. While this experiment amorphous sample of-lactose.
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(i) Determine the wetting response of the empty 6001
ampoule in a separate experiment and subtract this 500
value from the experimental data. :
(i) Determine the wetting response of an equivalent £ 4%
mass of the crystalline material in a separate exper- § 3007
iment and subtract it from the experimental data. £ 200+
(iv) Return the system to 0% RH after crystallisation g 1004
and subtract the drying response from the wetting & 0
response. 1001
Method (i) does not allow a quantitative assessment 200
of the enthalpy of crystallisation, while method (ii) 5 6 7 & 3§ 10 fb
does not compensate for the wetting response of the Time (h)

sample, which may become significant with larger sam-
ple masses; these methods were therefore discardedFig- 5. The power-time data obtained via method (iii) (subtraction
Method (iii) compensates for the wetting response of of the crystalline wetting response from the wetting response of the
. . partially amorphous sample) for a 5% (w/w) sample of amorphous
the crystalline component of the sample (and ignores alactose.
the wetting of the amorphous material) while method
(iv) compensates for the wetting response of the entire accordance with method (iii)F{g. 6). Alternatively,
sample (although it is noted that the sample that wets, subtraction of the wetting and drying peaks shown in
partially amorphous, differs slightly from that which  Fig. 3 resulted in the peak shown Fig. 7, the area
dries, crystalline, and the method does not compen- under this peak was used in the construction of a cal-
sate for any water used to form the monohydrate); in ibration plot in accordance with method (iVFi¢. 8).
both cases, it is assumed that the errors are negligibleCalibration plots were constructed using these methods
which is reasonable for the standards used to preparefor both of the lactose batches. The data are summarised
the calibration plots but may be an issue for processedin Tables 3 and 4
samples—this point is discussed more fully below. As in the case of the solution calorimetry data,
Accordingly, calibration curves were prepared using the calibration plots shown iRigs. 6 and &epresent
methods (iii) and (iv) Fig. 4 shows a typical wetting  lactose samples that are either predominatdiyctose
response of a crystalline samplecofactose. Subtrac-  or predominately3-lactose and are clearly different.
tion of these data from those shownHig. 3resulted Since the enthalpies of crystallisation of the two
in the peak shown iifrig. 5. The area under this peak forms differ @-lactose, ~169Jg?! and B-lactose,
was used in the construction of a calibration plot in
20 -

= -lactose

0T T T T T T T T 100 * p-lactose

300 80
200

1004 —— Sample response
=== RH change

04 Ll L 1

Power (micro W)
<!
Enthalpy of crystallisation (J/g)

-5 T T T T T T T

-100 rrifrylrfrfrfrrryrygryrrr1. v
2 4 6 8 10 12 14 16 18 20 22 24
Time (h) Amorphous content (% w/w)

Fig. 4. Power—time data for the wetting response of a crystalline Fig. 6. Calibration curves for the two lactose batches prepared using
batch ofa-lactose. method (iii). The lines shown are linear regression fits.
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600.] Table 3
Enthalpy of crystallisation data{S.D.) for the two batches of lactose
500+ determined using method (iipE 3)
g 4004 % Amorphous content AsoH (g1
9 300-
o a-Lactose B-Lactose
£ 2004 1 ~1.1+ 3.0 6.3+ 1.8
2 100+ 3 174+ 0.2 12.5+ 1.2
e ol 5 6.2+ 0.3 16.6+ 0.6
-1004
-200- used (previous experiments have shown that samples
i 5 & 7 8 8 1 11 12 removed from the TAM post crystallisation have been
Time (h) entirely crystalline Briggner et al., 1999%. It would

appear that the ratio ok- to B-lactose formed is
Fig. 7. The power—time data obtained via method (iv) (subtraction governed to a large extent by the isomeric nature of the
of the drying response from the wetting response of the partially crystalline seed material, the-lactose batch forcing
amorphous sample) for a 5% (w/w) amorphous lactose sample (pre- crystallisation mainly tax-lactose monohydrate, and
dominatelya-lactose). . S -

the B-lactose batch forcing crystallisation mainly to

~197JgL; both estimated by DSMilworth et al., B-lactose. , o

2004, it is likely that the differences in the calibration A More interesting feature of the calibration curves
plots arise because the samples crystallise to different!S that those for the-lactose batch do not tend to a
forms (the isomeric compositions of the spray-dried y-intercept value of zero with no amorphous material
batches being the same within err@able J). It has present, the effect being more dramatic whep method
been suggested that complete crystallisation of lactose (V) IS used to construct the curve. Although this obser-
cannot happen below an RH of 94%rice and Young,  Vation initially seems counter-intuitive, one explana-
2004, if crystallisation occurs via primary nucleation. tion for this discrepancy may be the fact titalactose
However, in the case of the data presented here there idS KN0Wn to mutarotate i@-lactose monohydrate under
a large amount of crystalline seed material present; so €l€vated RH conditions, an event that is exothermic
it is likely that secondary nucleation is the overriding (Angberg etal., 1991 This being so, mutarotation of
mechanism. This would allow complete crystallisation € Sample during measurement would result in a net

to happen even though an RH of lower than 94% was exothermic addition to the measured response during
wetting. This event would not be cancelled out at all

18- using method (iv) and, assuming mutarotation occurs
- : gl':‘c:t‘giz I faster in amorphous material than crystalline material

because of its faster uptake of water, would only be par-
tially compensated for using method (iii). This would
lead to the behaviour noted for tBdactose batches in
Figs. 6 and 8although further experimentation would
be required to confirm this theory.

Table 4
Enthalpy of crystallisation data{S.D.) for the two batches of lactose
determined using method (ivip € 3)

Enthalpy of crystallisation (J/g)

% Amorphous content AsoH @ gh)
1 2 3 4 5 a-Lactose B-Lactose
Amorphous content (% w/
phou e wivi 1 20+ 0.1 10.0+ 0.3
. . . .3 55+ 0.3 12.54+ 0.7
Fig. 8. Calibration curves for the two lactose batches prepared using 5 98402 16.3+ 0.7

method (iv). The lines shown are linear regression fits.
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As before, measurement of the crystallisation Finally, the amorphous material in a processed mate-
response of a partially amorphous lactose sample of rial is sited directly on top of a crystalline substrate,
unknown isomeric composition would give different which acts as a seed, which means that secondary
results from the two calibration plots. The best way to nucleation predominates. In the material used for cal-
resolve this problem, therefore, is to ensure that any ibration, the amorphous and crystalline particles are
calibration standards are prepared from the same batchdiscreet entities, which means that primary nucleation
of material as that to be tested during processing. It is may occur. As noted above, this requires an almost sat-
also not sufficientto quote an enthalpy of crystallisation urated vapour space presumably because more water
for a material without also defining its isomeric state. needs to be absorbed to plasticise the sample suffi-
This, in part, may be one of the factors that contributes ciently to induce crystallisation. To a large degree, the
to the range of stated enthalpies of crystallisation for data presented above suggest that the crystalline par-
lactose (we have published an overview of these valuesticles do act as a seed, allowing secondary nucleation,
previously,Dilworth et al., 2004, although these dis-  because at such low amorphous contents, they consid-
crepancies also arise in part through the use of different erably outnumber the amorphous particles; this effect
integration strategies. will, however, diminish as the proportion of amorphous

Comparison of the standard deviations listed in material increases.

Tables 3 and 4eveals that method (iv) is the most Since itis difficult to conceive of a method by which
precise, and would thus be recommended for future calibration standards that mimic processed materials
studies of this type. could be prepared, method (iv) appears to be the best

An additional problem with isothermal calorimet- currently achievable.
ric methodologies is that the nature of the amorphous
standards used to prepare the calibration plot do not
mimic the physical nature of processed materials (i.e. 4. Summary
the standards comprise particles that are either wholly
amorphous or wholly crystalline while a processed This work discusses two calorimetric approaches
material is likely to comprise of smaller particles thatmay be used to quantify smallamorphous contents.
(and hence have a greater surface area) consisting ofBoth solution calorimetry and isothermal calorimetry
crystalline cores with an outer corona of amorphous can quantify small (of the order of 0.5%, w/w) amor-
material). This raises a number of concerns. Firstly, phous contents in processed pharmaceuticals although,
the differences in surface area mean that the rate offrom the data presented here for lactose, solution
water absorption will be different in a processed mate- calorimetry appears to give the more precise results.
rial than from the calibration standards; necessarily, However, both methods require the construction of a
this will manifest itself as a change in the kinetic calibration plot using standard materials with known
response of the samples during analysis although, asamorphous contents and we have demonstrated that
net areas are measured, should not affect the enthalpycare must be taken when using these approaches if the
obtained. sample to be studied has more than one isomeric form

Secondly, a greater problem is likely to be that the (and each form has a different heat of solution or crys-
wetting response of a processed sample will (in effect) tallisation). In the specific case of lactose, calibration
be that of a wholly amorphous material while that of plots prepared from material that comprised mainly
a standard approximates to the wetting response of aa-lactose monohydrate or mainftlactose were sig-
crystalline material. This is important because, using nificantly different; the use of each plot to quantify
method (iv), the drying response (of the now crystalline the amorphous content of an unknown sample would
material) is subtracted from the wetting and crystallisa- result in drastically different answers. As such, it is
tion response (of the processed material). Thus, if the recommended that calibration plots be prepared from
wetting enthalpies of the amorphous and crystalline the same batch of material as that to be processed. It
forms are different, it is likely that the amorphous con- is further noted that in the case of isothermal calori-
tent predicted from the calibration plot will have a metric experiments, because the nature of a processed
(small) systematic error. material differs from that of the calibration standards,
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and it is not clear how calibration standards could be Gao, D., Rytting, J.H., 1997. Use of solution calorimetry to determine
prepared that mimic processed materials, a small sys- the extent of crystallinity of drugs and excipients. Int. J. Pharm.
tematic error may be inherent to such data that should 151 183-192.

b ted for duri b t dataint tati Hancock, B.C., Parks, M., 2000. What is the true solubility advantage
€ accountedfor during subsequent data interpretation. for amorphous pharmaceuticals? Pharm. Res. 17, 397-404.

Hancock, B.C., Zografi, G., 1997. Characteristics and significance
of the amorphous state in pharmaceutical systems. J. Pharm. Sci.
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