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ABSTRACT KEYWORDS

Knowledge of the polymorphic behavior of adrug is an essential require- Polymorphism;

molecular speciesin solid-stateistermed as polymor-

ment of drug formulation development in terms of its dissolution,

Enantiotropy;

bioavailability, stability and to agreat extent the regulatory considerations. Monotropy;
Polymorphic forms exhibiting different lattice structures tend to melt at Active pharmaceutical
different temperatures and therefore differential scanning calorimetry can ingredient (API);
be a unique tool in detecting these forms. The widespread uses of DSC Excipient (placebo);
within  pharmaceutical research include polymorphism, Differential scanning
pseudopolymorphism and glassy systems. The remarkable versatility of calorimetry (DSC);
this technique is that the method essentially measures heat flow processes Thermogravimetric
that are applicable to all systems and hence characterization of polymor- analysis(TGA);
phswith afar greater degree of sophistication. In developing a particular Hot stage microscopy.

dosage form, there is a considerable interest in optimizing the removal of
residual organic solvents. Understanding the nature of the binding of the
volatile component and assessing the kinetics of the weight loss process,
it ispossibleto get information on longer term stability. Thermogravimetric
analysisalong with DSC and X-ray diffraction techniques can be useful to
obtain a more detailed analysis of the kinetics of desolvation processes
such as dehydration and the nature of the drug-excipient or excipient-
solvent interaction. More effective removal of solvent can be ascertained
with appropriate kinetic analysis of loss process and TGA can be very
useful in finalizing design of manufacturing protocols. This review gives
representative examples of the widespread use of DSC and TGA to charac-
terize polymorphs, solvates and investigate amorphous states. Examples
outlined here envisage the thermodynamic parameters associated with
polymorphic transitions and assessment of the relaxation behavior of amor-
phous pharmaceutical materials. © 2012 Trade ScienceInc. - INDIA

INTRODUCTION

phismi¥. Pseudopolymorphism or solvatomorphic sys-

temd? arethe solid state modifications of the active

Different crystal packing arrangementsof thesame

pharmaceutical ingredients or excipient whereby the
solvent isincorporated into the crystd | atticeof thepar-
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ent compound. In case of pharmaceutica systems, the
crystal formistermed ashydraeif thesolvent iswater.

Solvatesin comparison to anhydrousform can differ to
agreat extentintheir physical and biological behav-

iort¥. Sincephysical and chemical property arediffer-

entin caseof crysta structures, any techniquethat mea-

surespropertiesof theseformsmay in principlebeused
to detect polymorphism. Most of thetime such differ-

encesaremarginaly so, and thereforeit isimportant to
look at potentidly polymorphic systemsby avariety of

techniques. It isnecessary to consider and understand
thesengtivity of thetechniquewhichdifferentiatescrystd

structure or molecular environment of the polymorph
contrary toitsmolecular structure. Most commonly used
techniquesfor polymorphic screening are XRD, FT-
IR, FT-Raman DSC, TGA and thermomicroscopy!®.

Although theextent to which polymorphic behavior of
adrug substance or an excipient may be predictedis
limited, the characterization of polymorphsremainsa
highly important aspect of pharmaceutica sciences. The
real benefit of DSC studiesover other techniqueslike
X-ray diffractionliesin moreadvanced thermodynamic
andysisof polymorphs, especidly indifferentiatingthe
monotropic or enantiotropic systems®.. Identifying the
trangtion temperature of the enantiotropic polymorphs
can be best achieved by DSC'®,

X-ray powder crystalographic methodsindicatethe
crystal structuredifferencesand areuseful in defining
the polymorphic system(™. In principlesinglecrysta X-
ray diffraction method® isused for the determination
of detailed molecular and crysta structure, for example
bond lengths, bond angles etc. X-ray powder diffrac-
tion methodsare often used for the polymorphic screen-
ing of individua polymorphicforms, evaluation of de-
greeof crystalinity and quantification of one polymor-
phicforminanother™™®. Nowadays, singlecrystal struc-
ture solution when applied to powder datafollowed by
Rietveld refinement methodd?, difficult and larger crys-
tal structure problems can be solved. Quantitative X-
ray powder diffraction techniqueisbased on the as-
sumptionthat theintegrated intengity of adiffraction pesk
is proportional to theamount of polymorph present.
Theideal arrangement of individual crystallitesinthe
sampl e specimen should be compl etely random but
when these crystdlitestake up someparticul ar orienta:
tion dueto their non-spherical habits, sampleissaidto
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have preferred orientation™. Thiseffect influencesthe
intengtiesof thepowder diffraction linesand hencethe
quantification methods.

Solid-state nuclear magneti c resonance spectros-
copy (SS-NMR)™* providesinformation on the envi-
ronment of magneticaly activeindividua atoms. Poly-
morphswithvarying crystallinestructures possesssome
atomswith different crysta environment. Changeinthe
environment of theatoms can bedueto conformationa
differencesindifferent polymorphs. The useof high
power proton decoupling, magic-angle spinning and
cross-polarization leadsto high resol ution spectraand
structural information can be extracted for polymor-
phic evaluation™™, SS-NMR offersanumber of ad-
vantages. Particlesizedoesnot influencethe SSNMR
signals. Theintensity of thesignal isdirectly propor-
tional tothe number of nucle producingit. Therefore,
mixtures of polymorphic form can berecognized. Al-
though the sample preparation isnot an issue, during
themeasurements, the high spinning ratesrequired for
magic angle spinning technique (MAS) generate me-
chanica stressandlocd heating may result in polymor-
phictransformations. Structural and molecular confor-
mationsinthe polymorphscan beinvestigated within-
frarred* and Raman spectroscopy!*®.

Therearecertainexamplesavailablein literature
which advocatestheuse of DSCin pharmaceutica in-
dustry besidesthe use of equaly important supplemen-
tary techniques. Inthermoanalytical techniquesanim-
portant physica property isdetermined asafunction of
externaly applied temperature. The phenomenaor re-
actionsessentially monitored in thesetechniquescan
be endothermicin naturewhichincludesmelting, boil-
ing, sublimation, vaporization, desol vation, chemicd de-
composition etc. or exothermicin naturewhichincludes
crystalization, oxidativedecomposition etc. In pre-for-
mulation studies, thermoand yticad methodscan beused
to evaluatethe polymorphism, pseudopol ymorphism,
degradation studies, drug-excipient compatibility and
other important desirable qualities™.

ORIGIN OFPOLYMORPHISM
Theoriginof the polymorphismliesinthedifferent

inter- and intramol ecul ar interactions. These non-co-
valent interactions like hydrogen bonding, van der
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Waalsinteractions, n-rt stacking and electrostaticin-
teractions, provide strength and directionality incrys-
tal structure. Dueto theseinteractions, avariety of
unit cell structure existsand thencedifferent polymor-
phs. Different polymorphsor ‘forms’ have different
freeenergiesand hencedisplay different physica prop-
erties such asmelting point, density, etc. and to some
extent thechemical stability.

PSEUDOPOLYMORPHSOR SOLVATES

Pharmaceutical solvatesand hydrates have been
studied ingreet detail. Differentiation between surface
water and water of crystallization may not awaysbe
easy. Sameisthe case with atrue solvate and sorbed
solvent. Thedesolvation of amaterial canresultinthe

formation of crystd lattice unchanged comparedto the
solvateor amixtureof crystallineand amorphous state
or adehydrated form completdly different fromtheorigi-
nd lattice. Assuming that thereisno decomposition tak-
ing placeprior to melting, atypical DSC thermogram
of ahydratemay consist of an endothermic peak cor-
responding to lossof water and an endotherm at higher
temperature corresponding to melting of an anhydrous
form. Thelossof water molecule may take placewell
above 100°C. It is also possible that solvent is lost at
or abovethemelting point and in this case anhydrous
formrecrystallizesfrom met or anamorphousformin-
dicated by an exotherm. There might be cases, where
one can not deny the possibility of solvate exhibiting
polymorphism, i.e., thedifferent polymorphsinwhich
thesolvate can exis.

TABLE 1: Anoverview of initial investigationson raw material to establish initial formand related properties

Crystal structure

Determine crystal structure; useful for subsequent identification of forms
Obtain reference powder datafor known forms; confirm single crystal structureis

XRPD
representative of polycrystalline sample
Raman/FT-IR Obtain reference datalfingerprints
DSC/ITGA Determine melting points and identify transformations
VT-XRPD

Structura characterization of polycrystalline phases obtained from thermal

transformationsin situ using SDPD

Dynamic vapor sorption/durrying
Solubility/dissolution

Assess hydrate/solvate formation
Characterize form and assess sol ution meditated transformations

Abbreviations : DSC, differential scanning calorimetry; FT-IR, Fourier transform-infrared spectroscopy; SDPD, structure deter-
mination from powder data methods; TGA, thermogravimetric analysis, VT-XRPD, variable temperature X-ray powder diffrac-

tion; XRPD, X-ray powder diffraction.

Experimenta conditionsand experimental param-
etersshould al'so be considered before concluding any
remark about the behavior of hydratesor solvates. DSC
measurements with hermetically sealed panslead to
suppression of water |oss peaks because buildup of
headspace pressure affects the dehydration process.
Water | oss peak clarity can be achieved by using open
pansor pin-holed pans. By usingcommercialy avail-
ablepin-holed pansreproducibility in evaporation pro-
cess can be achieved. It isalsoimportant to consider
theparticlesizeof thematerid under investigation. How
rateof purgegasdsoinfluencesthemdting behavior of
thehydrates asit affects efficiency of remova of water
from hydratesand thermal conductivity of the purged
cell. Effectsof heating rate on the DSC thermograms
have aso beeninvestigated.

METHODOLOGY USEDINDSC

Differentid scanningcaorimetryisanessier touse
thermoanalytica techniquewhich can beroutingy used
for both qualitative aswell asquantitative purpose. In
thistechnique, the sampleand reference materialsare
maintained at the same temperature and to keep the
sametemperature, therequired heat flow ismeasured.
DSC plotsobtained aretermed as DSC thermograms
and represent differential heatingratei.e., Jsor ca/s
on ordinate and temperature on abscissa. Integrated
peak areas indicate the heat absorbed or evolved by
thetherma phenomend™”.

DSC measurements can be power compensation
DSC or heat flux DSC. By usingindividua hegtingele-
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ments, both the sampleand referencematerid sarekept
at sametemperature, difference being only the power
inputs. Thismethod istermed as power compensation
DSC. To some extent, heat-flux DSC resembles dif-
ferentid therma analysis(DTA)™ whereonly hegt dif-
ferences between sample and reference materiasare
measured.

Cdlibration of DSC instrument iscarried out with
standards supplied by NTIS (Nationa Technica Infor-
mation Service)*. Transition temperaturesand heat of
fusion areaccurately known for these standards. Sub-
sequently, the melting point and heat of fusion of any
given compound or polymorph can beexperimentally
determined.

METHODOLOGY USEDINTGA

Thermogravimetric analysisinvolvesthe measure
of thermally induced weight lossof amaterid asfunc-
tion of externdly gpplied temperaturd®, Thistechnique
ismost commonly used to study desolvation processes
and compound decomposition, differentiating anhydrous
formsfrom solvates. Thistechnique can beused aong
with Karl Fischer Titration method" to determineto-
tal volatile content of apharmaceutical substance be-
S desthe moisture content. Thermogravimetricthermo-
gramwould not record any changewhentherma events
are not associated with any mass change, for example,
solid-solidtrangtion, solid-liquid trangtionsetc. Greater
stability can beattributed to compoundshaving higher
decompositiontemperature.

Thermogravimetric andysisinvolvescontinua re-
cording of massof acompound withanin-built microba-
anceasit isheated in aprogrammablefurnace whose
inddesurfacesareres stant to thegasesevol ved during
andysis. TGA dso dependsoningrumentd and sample
related factors. For example, samplesize, particlesize,
samplepacking, therma conductivity, theheatsof reac-
tion and nature of evolved gasesaffect thequdity of the
data. Thermal reactionsa so depend ontheamosphere
inthefurnaceand furnacehegting rate can causeachange
in transition temperature. Performance of the
ThermogravimetricAnayzer can beoptimized by cali-
brating thereaction temperatureacrossthereaction zone
withinthefurnacefor therequired range of temperature.
Reproducibilityin TGA resultsisvery important before

Hnalytical CHEMISTRY o

any conclusonismadeabout asolvate.

Anaysisof theevolved gasesemerginginthegas
flow from the reaction zone of TGA furnace can be
accomplished by transporting them with low molecular
weight gashaving high therma conductivity fromfur-
naceexit to other sensitivetechniqueslikegaschroma
tography (GC) with flame ionization detector or
katharometer measuring thermal conductivity. By inter-
posing suitable cold traps between furnace and detec-
tor, theevolved gaseslike carbon dioxide, sul phur di-
oxide and even water can be condensed and later sub-
sequent volatilization of the condensed gasescan be
used to estimate their compositions. GC-M S can be
used for more accurate andys swheretheevolved vola
tile products can be quantified with mass spectrometer
asthesensitive detector?. Infra-red spectroscopy can
aso be coupledto TGA andysisand can behelpful to
measure the actual water content.

ROLE OF DSCINTHERMODYNAMICAND
KINETICSTABILITY

Thermodynamic stability of the particular poly-
morph over the other and to acquirethis stable solid-
date, areimportant issueswhilestudying polymorphism.
These rulesdifferentiate enantiotropic and monotropic
polymorphs. If one polymorphisstableover acertain
temperature range and pressure while another poly-
morphisstableover adifferent temperaturerangeand
pressure, polymorphs are said to be enantiotropic
(Kuhnert-Brandstatter)23. Below the melting point of
either polymorph enantiotropic polymorphs can be
interconverted, sincefreeenergy curvescrossbefore
the melting point of either polymorphisreached. Ex-
ample of this system includes carbamazepine,
metochlopramideand tol butamide. Itisquiteoftenthat
only one polymorphisstableat al temperature below
themeting point and dl other polymorphsareunstable.
Such polymorphsare termed asmonotropic. Freeen-
ergy curves of monotropic system do not cross and
thereforereversibleinterconversionisusually not ob-
served bel ow the melting point. The polymorphswhich
have higher freeenergy curveand solubility at agiven
temperature and pressure, are always unstable. For
example, metolazoneand chloramphenicol.

Burger and Ramberger thermodynamicrulesare
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decisveindifferentiatingenantiotropesand monotropes.
Important of theserulesare heat of transition, heat of
fusionand density rule. DSC playsavitd roleinusing
thefirgt tworulesfor distinguishing such systems. If an
endothermic transition between crystal formsisob-
served at aparticular temperature, thereexistsatrans-
tion point bel ow thistemperature. Such polymorphsare
interrel ated asenantiotropes. If thetransition observed
isexothermicin nature at aparticular temperatureand
no transition occursat ahigher temperature, polymor-
phsaresaidto berelated asmonotrops. Hesat of fusion
ruleisimportant when DSCisnot ableto measurethe
hest of trangition and therate of transformationiss ow.
If the higher melting form hasthelower heat of fusion,
the polymorphsareenantiotropicaly related andif higher
heat of fusionisexhibited by the higher melting poly-
morphstheformsare classified asmonotrops. Poly-
morphicforms, form | and form 11 of Nabumetone®!
are good exampl es of monotropic system. Form | has
ahigher heat of fuson (31.3kJmole) and mdtsat 15°C
higher thanform 11 which haslower hest of fuson (24.5
KJmole). Thisrulemay not bevalidin case polymor-
phswheretheir mdting pointsdiffer by morethan 30°C.
TheDensity rulé? isbased on the d ose packing of
atomsof different moleculesresultinginlowering of en-
ergy hence polymorphwhich lacksdirectiona intermo-
lecular interaction at 0° K will have the higher density.
Thisruleisvdidfor those polymorphicformswherevan
der Wad sinteractionsare more preva ent. For example
dengty of Nabumetoneform I (1.26 g/cn®) ishigher than
formIl (1.21 g/cm?). Exceptionto thisrulewill be ob-
servedinthosecrystdswheredirectiondity isintroduced
by hydrogen bonding, enhancing the stability of there-
sulting polymorph. Retonavir polymorphicform|l, a-
though more stable, hasalower density than form 11291,
Ostwald law of stages?” isimportant in deciding
the order of appearance of polymorphsin crystalliza-
tion process. Evaluation of solid phasesisgoverned by
kineticsof nucleation processand typica experimenta
conditions. Crygtd|lizationinvolvesboth nuclestion and
growth of aphase. Studiesof growth kineticsand crys-
tal morphology areimportant inidentifying additivesor
solvent that enhancesthe crystd lization of aparticular
polymorphicform?8, Theefficacy of crystd seedingin
contralling theformation of asuitable polymorph de-
pendson potentia of thecrysta surfaces®. Sometimes

theinsol uble degradation product can dso promotethe
nucl eation of more stable polymorph®. The approach
of solvent selection for screening polymorphs, rate of
nucleation order of appearance of polymorphsareall
affected by kinetics, thermodynamicsand diversity of
molecular arraysformed by the active pharmaceutical
ingredient molecules, for examplecarbamazaping®” and
sulphathiazol €%3. A fast nucleation rateisobserved for
those solventswhich have high solubility but moderate
solvent interaction. Thermodynamicfactorsand strength
of solvent soluteinteraction areimportant when study-
ing selective pol ymorphic nucleation. In someof the
casesadisordered statefor exampleamorphous drug
substances are considered to be important precursor
toasuitable crystalline state’.

PHARMACEUTICAL APPLICATIONSOF
DSCAND TGA

Identification of different polymorphs, establishing
thestability of aparticular polymorph, and optimizing
process ng conditionsfor preparing polymorph arecru-
cid and important issuesfrom patent aswell asregula
tory point of view®4, Determining whether the poly-
morphicformsare monotropic or enantiotropic can be
of immenseimportanceintheformulation studies. Us-
ing Burger-Ramberger rulé® onecan ascartainthestar
bility of aparticular polymorph at any stated tempera
ture. Applicationsand importance of theserulesfor the
active pharmaceutica ingredientsand drug excipients
aredescribed herein detall.

Chloramphenical palmitate is an antibiotic and
knownto exhibit polymorphismand existsinthreeforms,
A, B and C. All theformd® wereinvestigated with X -
ray powder diffraction and DSC. FormA isstableat
room temperature. Form B ismetastableand Form C
isungtable. The DSC thermograms of thesethreeforms
indicate endothermic peaks corresponding to melting
point at 90.3°C for form A, at 86.7°C for Form B, and
an exothermic peak for form C at 64.5°C followed by
endothermic melting point pesk a 86.3°C respectively.
Endothermic peak after 86°C indicates that forms B
and C aremonotropic. The conversion of Form B to
Form A wasfound to be exothermicin nature. Trans-
formationindicated that formsB and A of chlorampheni-
col pamitate are monotropic. The presence of poly-
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morphicformA inform B wasa soinvestigated while
studying polymorphic mixtures of chloramphenical
palmitate. On storage at 82°C, form B was converted
intoFormA,, indicating that form B ismetastableat this
temperature. Ongrindingform B and form C werecon-
vertedinto formA whichwasascertained by both XRD
and DSC studies. Hence, using XRD asacomplemen-
tary technique, DSC can providedetailed profileof the
polymorphs of any pharmaceutical drug substance.

Grinding at different temperature can haveagreat
impact on solid-solid transition behavior. Grinding of
indomethacin®® at 4°C resulted in an amorphous form
but grinding at 30°C, a metastable form was formed.
Grinding of cephdexinresultedintheformation of amor-
phousform.

Two polymorphic forms A and B of
metocl opramide’® were found to be enantiotropic. In
DSC thermogram two endothermic peaks were ob-
served for formA. At 125°C endothermic peak corre-
sponded to melting of solid-solid transitionto form B
followed by endothermic pesk at 147°C indicating
melting of form B. Althoughthecoolingresultedinstable
Form B, onstoragefor three daysat room temperature
resultedin conversionto stable FormA indicating more
stability of thisform at roomtemperature. Monotropy
in the three polymorphic forms of dehydroepiandro-
gerone polymorphswasascertaned using Burger’s rule.
In this case higher melting form was found to have
higher heat of fusion.

Piretanide when recrystallized with twenty seven
solvents, it formed six solvateand two anhydrousforms.
Unique X-ray powder diffraction patternsof these sol-
vatesand anhydrousformsconfirmed their crystaline
behavior. When DSC was used to study their
desolvation profiles, they ultimately led totheformation
of one of the anhydrousform. One of the anhydrous
formwasdso found to convert to another stableanhy-
drousform when subjected to DSC analysis.

Drug-excipient interaction hasa so been extensvely
studied with DSC anaysig®. Inthisstudy the binary
mixturesof eachingredient or APl and anexcipient are
mixed and any dterationin meltingendothermsismoni-
tored. Theinformation obtai ned from such studiesindi-
catesthechemica or physica interaction between AP
and excipient or two excipients. DSC analys swas per-
formed for famotiding“? and excipients. It wasfound
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that drug was compatiblewith tal c, magnesium stear-
ate, and avicel PH 101 but drug-excipient incompat-
ible interactions were observed for kollidone,
encompress, crospovidon and lactose. Formation of
amorphoussolid solutioninlater caused suppression of
thermd featuresof famotidine.

Hedtingrateiscrudd and decisveparameter inDSC
study. Different DSC thermograms are obtained at dif-
ferent heating rates. Therefore, itisdwaysadvisableto
carry out DSC andlysisat different heating rates*Y.

TGA can beused to provetheanhydrous nature of
apolymorph. Thecharacterization of solvatesand hy-
dratesisthe prime concern of thermogravimetric andy-
seg42, TGA ismore convenient to perform than Karl
Fischer analysis. Itisasmple, conceptually applicable
rapid method for weight lossdetermination. Weight loss
intheregion80t0 100°C is commonly ascribed to water
loss. The weight lossin the same region can also be
attributed to volatilization or resdual solvent or poly-
morph decomposition. TGA whenrunwith DSC can
bepotentidly highly useful anaytica technique®. The
lossof water of pharmaceutica hydratesoccursusudly
within 80° to 140°C. For most low molecular weight
hydrophobic drugs, loss of sorbed water can beeither
intherange 20° to 30°C or 60° to 90°C, correspond-
ing to an amount of lessthan 2% w/w. Theamount can
behigher for hydrophilic and high molecular substances.

In principle hydrates are crystalline materialsin
which water moleculeisincorporated into the crysta
|attice. Pharmaceuticd hydratescanclassfiedintothree
categories*, isolated site hydrates, channel hydrates
andion-associated hydrates. Inisolated site hydrates,
drug moleculesinterveneandisolaethewater molecules
from each other. TGA profilefor such systemisnarrow
over ashort temperature range and resultsin sudden
stoichiometric water loss. In channel hydrates, thewa-
ter moleculeispresent in channelsmade by drug mol-
ecules. Water loss for such system starts at alower
temperaturethan isolated site hydrates system and oc-
cur over awidetemperaturerange. Third class, ion-
associated hydrates contain meta ionsand are of con-
Siderable significancesinceagood salt selection pro-
cessleadsto good dissolution profile. Sinceastrong
bonding existsbetween ion and water molecule, ion-
associated hydrateslose water at very high tempera-
ture. TGA hasbeen used asaroutinemethod for char-
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acterizing such hydrates.

Cephradinedihydrate*! belongstoisolated sitehy-
drates. Singlecrystal dataindicatesthat each unit cell
containstwo molecules of cephradine and four mol-
ecules of water. Each pair of water moleculesareiso-
lated and regularly arangedintheinthelatticeand form
hydrogen bond with each other and d so with carbonyl,
carboxyl, and amide groups present on two cephradine
molecules. Dehydration of thehydrateyiedl dsamorphous
formwhichishighly unstable. Two unsresolved sharp
endotherms are observed at 92.09° and 99.51°C and
a the sametemperaturerange asharp weight losswas
observed. Sharp O-H stretches at around 3520 and
3425 cmt areobserved inthe diffusereflectanceinfra-
red spectrum of cephradine dihydrate but not im
amhydrousform. Theinformation obtained with DSC,
TGA and DRIFT andytical methodsand singlecrysta
studiesindicatethat no network of hydrogen bond ex-
istson any axisthrough the crystal lattice. Examplesof
channd hydratesincludeampicillintrihydrate“e.

Sesquihydrate of on of the enantiomer of hyoscine
hydrobromide*?, an anticholinergic drugisolated from
the belladone plant, wasfound to be conformationally
amilar tohemihydrateinunit cdl dimension, packing ar-
rangement and crystal system when studiedwith XRD.
Thedrug exhibitspolymorphismand both sesquihydrate
and anhydrousformsexist. TGA andysisontheother
hand confirmedthetota masslossof 6% wi/w indicating
1.5moleculeof water per moleculeof thedrug substance.
Lossof onemoleculewasobserved at about 90°C and
haf amoleculeof water a 102°C. Hence, TGA can not
only beused as complementary techniquebut a so pro-
videagreat inaght intothehydratecrystals.

Complementary arraysof analytica techniques, in-
cluding TGA, DSC, Karl Fischer Titrimetry, X-ray
powder diffraction, scanning el ectrode microscopy
(SEM), FT-IR, and *C SS-NMR wereused toinves-
tigatenedocromil magnesium hydrates®, thedrug used
inthetreatment of asthma. Severd hydratesof thisdrug
are known and three of them that is heptahydrate,
decahydrate and pentahydrate were subjected to TGA
analysis. For heptahydrate and decahydrate, thewater
lossgartedimmediatdy after heating from ambient con-
ditionsand biphasic masslosswasobserved intheir
derivative curve. Spectroscopic studies hint similar
structurefor both heptahydrate and decahydrateindi-

cating three molecule of water are loosle bound in
decahydrate. Both theseformswerefound to beless
crystdlinethan pentahydrate. For pentahydrate, theloss
was observed in two stages, that isloss of four water
molecules at 75-130°C and one molecule at 200-
230°C. From spec troscopic studies it was confirmed
that that with four water molecules, pentahydrateexists
astertramer and with one mol ecul e of water asmono-
mer. With TGA it wasfurther confirmed that tertramer
was comparatively |ess stable than the monomer. The
unique X RD patternwith characteristic diffraction pesks
for pentahydrate differentiatesit with other hydrates.
Hence, in combination with spectroscopi ¢ techniques
TGA providespecificstructurd information about com-
plex pharmaceutical hydrates.

Diakylhydroxypyridones*, iron chelators, with
possible usein thetreatment of anemia, form solvate
with formic acid. Desolvation profiles of these sub-
stanceswhen studied with TGA confirmed theloss of
formic acid and molecul ar information were subse-
quently confirmed with spectroscopic techniques.

TGA has also been used to study the excipient
forming hydratesand drug-excipient interaction. a.,a.-
treha ose (a-D-glucopyranosyl a-D-glucopyranoside)
isanonreducing disaccharide. To € ucidatethemecha
nism by which treha ose enablebiol ogica organismsto
survive dehydration stress, it becomes necessary to
study various solid-state modificationsand also their
trangtionfrom oneformto other. Threeformsof treha-
lose havebeen recognized whichincludeForm | (T, or
dihydrate), Il (Ta or anhydrousform) and 1l (T[3, other
anhydrousform). Amorphous state has a so been ob-
served. Onemoreform hasalso been identified®™ as
Ty. It was observed that trehalose dihydrate, with
smdler particlesize, on dehydration leadsto amorphous
material whereaslarger particleformed anhydrous, T3
form. Dehydration profileof dihydrateform depends
on atmospheric pressure, purge gasflow, and thekind
of pansused to study DSCand TGA.

When DSC analysiswas performed with pin holed
pang®! basdline discontinuity was observed betweentwo
endothermic pegks. Theconcomitant TGA andysisper-
formed ondihydrateform reved ed water losswasasso-
ciated with second endothermic peak. Theisolation of
material formed after first endothermic peak wascon-
firmed as Ty form. Ty form washence considered to be
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themixtureof dihydrate and anhydrousformsor apar-
tialy dehydrated system in which anhydrous|layer pre-
vented further water |oss. On further heating thewater
loss was observed in second endothermic peak con-
firmed by TGA studies. Indrug-excipient sudiesit was
observed that asmpleanagesic drug like paracetamol
lowered thetermperature needed to recrystallize amor-
phous state of trehal oseto anhydrousform®2.

ROLE OFDSCINSTUDY OFAMORPHOUS
MATERIALS

Amorphoussolidsexhibit short rangeorder but lack
three dimensionlong range molecular order possessed
by crystalline polymorpht®3. These amorphous solid
modification havehigh free energy and faster dissolu-
tion rate. A term polyamophi sm has been attributed to
certain amorphous materia swhere existence of two
glassy forms of same compound differ infrisalty has
been reported. Usally astrong glassformer hasalow
density and fresile glass former posses high density.
These compounds can be characterised by first order
transition between to amorphous state for example
freezedryingand spray drying of CefamandoleNafae>!
leadsto amorpous states having differencesin X-ray
powder differaction patterns.

Thereisacons derableinterest in determination of
glasstrangtion temperature, T, inDSC andysisof drug
substance aswell as excipientd™. Plasticizer such as
water hasagreat effect on glasstrangtion temperature
T, The DSC studies have been performed on such
systemsto find out T, whichindicateachangein relax-
ation behavior of the drug substanceor excipient. T
can beregarded asameasure of physica and chemica
stability of theamorphous materid. Increased molecu-
lar mobility of theamorphousdrug substance or excipi-
ent causesrecrystdlization.

Majority of DSC studies on spray dried systemg™
suggeststheformation of amorphousmaterid. Example
includes, thiazide diureticd®”, digitoxin>® etc. Freeze-
dried methods™ are generdly used for the preparation
of injectablesinadry formwhich can be easily recon-
stituted. The processinvolvesinitia freezing followed
by primary and secondary drying ultimately forming a
glassy syssemwith ahighviscosity. Thisglassy system
isof mgor importancein pharmaceutical industry and

Hnalytical CHEMISTRY o

the processisusudly usad for heat-sengtivedrugs. Glass
transition of such glassy systemshasbeen extensively
investigated with DSC.

Amorphous of tri-O-methyl-cyclodextrin® pre-
pared by melt rapid quench and milling processhave
different crystallization ratesdespitehaving thesimilar
glasstrangition and Heat Capacity temperature. Insta
bility of amorphousstate can lead to formation of dif-
ferent crystdlineformsfor examplelower thanthanglass
trangtion producethe gamapolymorph whereasabove
thistemperaturea phaformin mainly produced. Long
term stability of amorphous stateisevauated by those
techniquewnhichreflect inmolecular interaction and mo-
lecular mobility likeenthd py relaxation.

HOT STAGE MICROSCOPY

Hot stage microscopy or thermal microscopy® is
aragpid method for studying existenceof polymorphism
and screening polymorphs. Thistechnique usespolar-
ized light and during heating any changein any optical
property signifiesaphase change and hence melting
point differences. Theinstrument used for thistechnique
ishot stage of Kofler®Z,

Thistechniquerequiresonly afew milligramsof APl
or anexcipient. Thesubstanceiskept on amicroscopic
dlideand subjected to heating and cooling processes.
Complete phasediagram can then be generated based
on dl the observations made during thermd processes.
Thistechnique can be used to determinethe melting
point with great accuracy and to infer the nature of a
polymorphic transition. An enantiotropic substanceis
distinguished by itsability totransformreversibly into
another phase. Anirreversiblenatureof thistransition
indicates monotropic nature of the substance.

PHARMACEUTICALAPPLICATION OFHOT
STAGE MICROSCOPY

Predni sone acetate polymorphicform Il meltsover
the temperature range 225-228°C on a hot stage!®3.
Onfurther heatingthemdt getssolidifiedandaganmets
over atemperaturerange of 232-241°C which is actu-
aly themelting point of prednisoneacetate Form .

Corticosterone-21-acetate Form Il when heated
t0 140°C on a hot stagel®, it meltsover atemperature
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range 145-148°C. On further heating, the melt solidi-
fiesandisconverted to Form 1. Form | onfurther hest-
ing meltsat 153-155°C.

Metformin hydrochloride Form Bl istransformed
to needle-shaped crystals of Form A when heated to
80°C. Generation of needle-like crystals of meta-stable
Form | of Caffeing®® ondispersionin Gelucire50/13
from stable Form 11, indi cates enanti otropi c polymor-
phic system.

From these clear visible changes and melting point
determinations, it isobviousthat hot-stage microscopy
can bean extremely valuable analytical techniquein
characterization of polymorphic systems. FT-IR and
Raman spectroscopi ¢ techni ques can a so be concomi-
tantly used with thermal microscopy and valuablein-
formation can be obtained in studying polymorphism.
Paracetamol and lufenuron are the examplesof such
study where Raman spectroscopy has been used be-
sidesthethermal studies®”.

MISCELLANEOUSTHERMOANALYTICAL
TECHNIQUES

Therearecertain other techniqueswhich show con-
Sderablepotentid for polymorphicevduationincludeare
either modifications of above mentioned technique or
basad on temperature dependent thermodynamic param-
eter of the polymorph. For example, MTDSC, modu-
lated temperaturedifferentia scanning calorimetry®, is
asoftwaremodification of conventiond DSC. Inthistech-
niqueaperturbation, for exampleasinewave, issuper-
imposed onthe conventiond linear signd. Theinstru-
ment givesthreekindsof signdsinduding heat capacity,
kineticandtota heat components. Thismethod ispref-
erentidly used for amorphoussysems. MTDSC hasbeen
used for studying glassy behavior of nifediping® and
itraconazol €™, Thistechnique has also been used for
studying enantiotropictransition of caffeind™.

Other advanced DSC-based technique includes
Hyper-DSC™, also called High-speed DSC tech-
nique™., Thistechnique utilizes high scanning speeds
whichmakeit easier toidentify the metastableforms.
For example, endotherm, corresponding to
carbamazepine Form 111, ametastableform, could be
isolated with such studies ™.

Microthermd andyssisaninterfacetechniqueused

to differentiated crystal polymorphs. Inthistechnique
thetip of an atomic force microscopeisreplaced by a
small thermigtor and andys scan be performed on poly-
morphwithasizeof few squaremicrong™. Thistech-
niqueisaso caled highly localized DSC. For example,
cimetiding™, indomethacin™ and caffeind™ aresome
of theexampleswhich have beeninvestigated with this
localized thermd anadysis(LTA) technique™.

Thermally stimulated current (TSC)™ whichhasa
widespread usein polymer industry isnow extensively
used in polymorphic characterization. Thistechnique,
at elevated temperaturewhichisabovethetransition
temperature, eectricfiled isapplied to thesamplefol-
lowed by rapid cooling. Thiscooling “freezes” polar-
izationinthesample. The samplewhen reheated acur-
rent due to movement of dipolesinthesampleisre-
corded asafunction of temperature. Movement of di-
polesarisesdueto thethermal rearrangement observed
during heating process. For example, irbesartan forms
A and B givesdifferent TSC profiles®.

Hest of solutionisone of thephysical propertiesof
the polymorphic system. Whenasolidisdissolvedina
known volume of solvent, entha py of dissolution can
be determined. Heat of solution® isextremely sensi-
tivetokindsof crysta lattice, hence polymorphic stud-
ies can be performed for those polymorphs whose
melting pointsarevery close but differ in enthal py of
dissolution. One such exampleof thisstudy ischarac-
terization of cimetidine polymorphg®.

CONCLUSION

Since polymorphshavedifferent physica proper-
tiesitisoften advantageousto choosethe proper poly-
morphfor the suitable pharmaceutica application. The
fundamental questions associ ated with polymorphism
in pharmaceutical sector are solubility of each form,
purity achieved in producing the stablecrystals, and
extent towhich therequired form remainsstableduring
the processing stages like micronization, tableting,
lyophilisation etc. Oneof theimportant consderationon
whichagreat emphasisisladisthenumber of polymor-
phsagivenAPI can have. Physica and chemicd gability
of each polymorph isaso amatter of grave concern.
Certain polymorphsare known to exist in metastable
sateswhichareequdly important in pharmaceuticd in-
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dustry but whether these states can bestabilized remains
many atimesan unanswered question. For identification
of thesolvates, DSC, TGA and hyphenated techniques
are very important. Hot stage microscopy is arapid
method for studying existence of polymorphism and
screening polymorphs. Alterationin DSC techniquesit-
sef hasgenerated severd disciplinetoinvestigate poly-
morphsand amorphoussubstancesin great detall.
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