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Characterisation of

processing induced changes

in morphology by Solution

Calorimetry

Introduction

Solution calorimetry measures the
heat of solution ofa solid dissolving
into a solvent. Hogan & Buckton
(2000) have shown there is a
measurable difference in the
enthalpies of solution between the
amorphous and crystalline form of
a material. Typically, the
dissolution of a crystalline material
is an endothermic process and
exothermic for an amorphous
material. Such an ability to
differentiate between the
amorphous and crystalline form of
a material is important to
formulators of solid dosage forms
for drug delivery.

Inall of these forms the assessment
of the order or possible disorder
associated with the solid material
is vital for stability and
compatibility testing. Generally the
presence of amorphous material
influences the physical integrity and
usually the kinetics of degradation.
Often, only a small amount of
amorphous material can produce
severe effects on the stability ofa
particular formulation.

Many crystalline materials require
a reduction in particle size to
improve process parameters, for

example micronisation to increase
the respirable fraction for a
formulation designed for inhalation
delivery. Inaddition milling is often
used to improve the compression
properties of a crystalline powder
required for tablet manufacture.
However, the various methods used
for reducing particle size all include
a mechanical force or particle -
particle attrition in order to fracture
the crystals. The common
techniques, e.g. micronisation by
air-jet milling, hammer milling and
grinding, have a high energy input
that can often lead to disruption
within the crystal lattice on the
surface of the powder. These
disordered regions are domains of
amorphous material that can lead to
a higher rate of water sorption,
chemical degradation, and the
possibility of agglomeration of the
powder increasing the particle size.
Thus, it is imperative to have
methodologies available for the
characterisation of disorder.

This application note outlines the use
of solution calorimetry to investigate
the effect of micronisation on two
common excipients, lactose and
sucrose. Hogan & Buckton (2000)
describe the development of a
calibration curve for the
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quantification of amorphous content. This study
supportstheir work by illustrating theability of solution
calorimetry to characterise materia sthat have been
processed by a sel ection of techniques commonly
usedinthe pharmaceutical industry.

Experimental

A Thermometric 2225 Precis on Solution Calorimeter,
(ThermometricAB Sweden), was used to measure
theenthal pies of solution. The solution calorimeter
was thermostated in a Heto precision water bath.
Between 50 and 200 mg of samplewere placed in
glasscrushingampoules. Theampoulesweredouble
seal ed with beeswax using the method previously
described" and each samplewasrunintriplicate. All
the experimentswere performed using 100 ml of de-
ionised water. The stirrer within the calorimeter was
set at 500 rpm.

Both samplesof lactoseand sucroseweremicronised
inaFrymaair jet mill. After passagethroughtheair
jet mill the sampleswere stored in adessicator over
slicagd a roomtemperature. Thesampleof lactose
wasdivided immediately after micronisationanda
portionwaspassed through theair-jet mill again. This
wasrepeated for afurther pass, producing asample
that had undergonethree passesthroughthemill. A
portion of thethird passlactosewasdried at 50°Cin
avacuumovenfor 24hours. Spray dried lactosewas
produced using a Niro Mobile Minor 2000 and a
20% agueousfeed solution. After spray drying, the
samplewasstored over silicagd a roomtemperature.

Results & Discussion

A typicd responsefromthe SolCd isshowninFigure
1. Thecalorimeter operates under semi-adiabatic
conditions, so the initial temperature was offset,
typically by 150 mK, from the air bath temperature
of 25°C, (298.15K). Thebasdinesectionsinfigure
1 were used to check that the observed temperature
increase was conforming to an exponential decay.
Before and after the ampoule was broken, the
calorimeter was calibrated electrically. Fromthese
cdibrationsand the basdline sections, Sol Cal software
determines an accurate value for the enthal py of
solution when the sampleampouleisbrokenintothe
100mlsof water contained inthe calorimeter vessd,
(marked Break infigure 1). The SolCal software
useswedl-known heet ba ance equations’ to determine
the changein enthal py of the processbeing observed
fromthechangein offset temperatureasafunction of
time. A morein depth description of the operation of
SolCd and the heat balance equationsused by SolCal
software can befound in themanufacturers manual®.

Temperature offset (mK)

The response from a sample of o-lactose
monohydrateisshowninfigure 1. After thebreak,
wheretheglassampoulewasbroken and thelactose
dispersed within the 100mls of water, the offset
temperaturefallsrapidly. Thisresponseistypical of
theendothermic dissolution of crystalline materials.
The observed valuefor the enthal py of solutionwas
55.8+0.5Jg. Thisiswithintheexperimental error
of theliteraturevauefor 100% crystalline o-lactose
monohydrate'. Thisshowsthat thesampleof lactose
used had no detectablelevel of amorphous content,
and can be considered to be over 99% crystalline.
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Figure 1. Atypical example of the response fromthe
SolCal, in this example, as received a-lactose
monohydrate.

Theenthapiesof solutionfor al thesamplesof lactose
and sucrosearesummarisedinfigure2. B-Lactose,
the other crystalline modification of lactose, had a
much lower enthalpy of solution, but it was still
endothermic. Thesignificant difference betweenthe
o.and B formsindicatesthat SolCdl ispotentialy useful
for the characterisation and identification of different
polymorphs. Indeed, it should be possibleto detect
therelativeamountsof each modificationinmixtures
of polymorphsby solution calorimetry.

Two samplesof spay dried lactoseareshowninfigure
2. The first marked with a single asterisk is a
previously published value for 100% amorphous
spray dried lactose!. The sample prepared inthis
study wasstored over silicagd whereastheliterature
vauewasdriedinavacuumovenat 50°C. A previous
study with spray dried lactose indicates that the
amorphous material readily absorbs water which
increasesthe enthal py of solution'. Therefore, asthe
sampleinthisstudy wasnot dried it isreasonableto
assumeasmilar explanation. Thesgnificanceof this



result isthat the enthal py of solution for amorphous
materialsissengitivetowater content of thesample.

The three samples of micronised o-lactose
monohydratedl show areductionintheir enthal py of
solution. Thiscan beattributed to the generation of
small amounts of amorphous material within the
micronised sample. DSC experiments, data not
shown, indicate that no B-lactose was formed and
only tracesof amorphousmaterial could bedetected.
DSC is useful for the qualitative detection of
amorphous material but lacksthe sensitivity for the
quantification of small amountsof amorphouscontent.
Vacuum drying reduced the enthal py of solution for
the partially amorphouslactosethat underwent three
passesthrough theair-jet mill. Thisissimilar tothe
responsefrom thetotally amorphouslactose, whereby
drying in avacuum oven reduces the enthal py of
solution. The water absorbed by the amorphous
domainspresent inthemicronised powder could have
originated from two sources. Either the hydrated
water, released when the structure of the crystalline
material was destroyed by theattrition and fracture
of particlesintheformation of theamorphousfraction,
or from the background humidity presentinthelab

Exothermic

Sucrose quenched™

Sucrose micronised

Sucrose as received
a-Lactose spray drie
a-Lactose spray dried
b-Lactose as received

a-Lact. micr. 3rd pass + Drying
a-Lactose micronised 3rd pass
a-Lactose micronised 1st pass

a-Lactose as received

when the samplewas collected at the bottom of the
mill.

The enthal py of solution for the dried micronised
material wasassumed to reflect the true contribution
fromthemain crysdlinefraction and thecontamingting
amorphous fraction. Using this value on an
extrapolation of Hogan & Buckton'scdibration curve
indicated that three passes through the air-mill
produced a 14.5+0.5% w/w amorphous
contamination of thecrystalline powder.

The amorphous and crystalline forms of sucrose
showed a similar exothermic and endothermic
differencewith respect to their enthal piesof solution
when compared to lactose. The enthalpy of solution
for amorphous sucrose shown infigure2 marked by
two asterisksisapreviously published value?, and
the samplewas prepared by acombination of quench
cooling and freeze drying, and was subsequently
vacuum dried. Thecrystallinesucroseusedinthis
study gave an enthalpy of solution within in the
experimental error of the literature value®. The
micronised and asreceived materia gaveidentical
values for their enthalpies of solution within the
experimenta error. Both samplescontained thesame
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Figure 2. A summary of the enthalpies of solution at 25°C in water for lactose and sucrose processed and stored under different
conditions. Each bar represents the average of three experiments (average standard error = 0.5 J/g).



amount of water, (determined by TGA). The
observation of identical enthal piessuggeststhat the
micronised samplewastotaly crystdline.

Thedifferent response between lactose and sucrose
with respect to micronisation is explained by the
differenceintheglasstrangtiontemperature, Tg, of
their respective amorphous forms. The Tg's for
amorphous lactose and sucrose are 116°C° and
57°C*respectively. Absorption of only very small
amountsof water isknown to considerably depress
the Tg of an amorphous material and cause
recrystallisation®. Inthe case of micronised sucrose,
theresdua amount of water present when stored over
slicage at room temperaturewassufficient to lower
the Tg of the amorphous fraction to allow
recrystallisation to take place at the storage
temperature. Thisrecrystalisationtook placebefore
the enthalpy of solution was measured; within
approximately 2 hours. Figure 3A confirmsthat the
recrystallisation of the disordered amorphousregions
hastaken place.

Figure 3A. An SEM of micronised sucrose stored at room
temperature.

This is seen as smoothing of the surface and the
formation of bridgesbetweentouching particles. Once
re-crystal lisation hastaken placethewater isexpelled
from the material thus giving the agglomerated
crystalline powder the same water content as the
garting crystalinematerid. If themicronised sucrose
isimmediately storedin afreezer recrystalisationis

prevented, as seenin figure 3B by the absence of
smoothing and no observation of particlebridging.
Thestoragetemperature of thefreezer sampleiswell
below the lowered Tg of the amorphous fraction
withinthemicronised powder. Thusthemateria does
not divitrify i.e. passthroughits Tgtoalessviscous
state, and re-crystallise. Lactose can not easily
recrystallise becauseits Tgismuch higher, soeven
after thedepression of Tg by thepresence of absorbed
water, the lowered Tg is well above the storage
temperature. Thus, re-crystallisation wasso slow
fromthehighly viscousamorphousfraction aboveits
Tg, that the processwas effectively stopped within
theperiod of storage.

Figure 3B. An SEM of micronised sucrose stored in a
freezer.

Concluson

Thisstudy hasexplored thestrengths and wesknesses
of solution calorimetry, particularly for the
characterisation of processed carbohydrate
excipients. SolCal isclearly ableto differentiate
between different morphol ogies, i.e. between mixtures
of crystalline and amorphous material and between
mixturesof polymorphs. However, cautionisrequired
concerning theresidual water content of themateria
under investigation, either with respect to the re-
crystallisation of amorphousmaterial withlow Tg
valuesor by thelowering of theenthal py of solution
by the absorbed water. SolCal is useful for the
investigation of thephysica sability of new drugsand
novel dosageformswhere morphologicd trangtions
are suspected.





