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ABSTRACT

In the article the ibuprofen enthalpy of fusion and melting temperature
data of different researches were analyzed. It was established that there
were significant discrepancies between these data. M elting enthal py and
temperature correctionswere carried out with Russian high-selective dif-
ferential scanning calorimeter DSC-500. The experimental method of
ibuprofen melting temperature and enthalpy definition was described.
The calibration and results processing methods are al so described. Melt-
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ing entropy and cryoscopic constant were also calculated.
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It wasfound that eutectic typeinteraction can cause
dissolution raterise of hardly soluble substanceinthe
system¥. And so research eutectic compositionsof dif-
ferent dimengondlity isof pharmaceuticsscienceinter-
ests. Theeutectic compositionsresearch can be per-
formed with experimenta or cal cul ation methods. Ex-
perimental methods are based on thetime-consuming
carrying out of compositionsmelting temperaturein-
vestigation with different possible compositions. But a
good advantage of thismethodisthat it dlowsto define
eutectic composition and melting temperaturemore pre-
cisaly. Experimental methods|abor intensity iscaused
with abig quantity of experimentsand their duplica-
tions. Besides, the precision of experimental methods
isdepended on equipment quality that can bevery ex-
pensive. Experimental researchescarry out for alonger
time. Neverthelessthe eutectic experimenta research
isperformed now in different countries. Experienceis

undoubtedly the base source of our knowledge about
substances and processes property.

Cd culation methods givegood results at eutectic
compaogtion and temperaturedeterminationwheneutectic
ispossible. For medicind eutectic calculationwe used
thedgorithm(@. Thisdgorithmadlowsto cd culaeeutec-
tic compositionsand mdting temperaturesasinample
cases0in caseswith solid solutions, polymorphismand
componentsdecomposition having. Thesmplecaseis
based on Shreder — Le Chatelier equation:
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Where: x, - molar fraction of 1st component, x,,- molar
fraction of 2nd component, AH, _ —1st component en-
thalpy of fusion, AH, _- 2nd component enthal py of fu-
son, T —eutectictemperature, T_ - 1st component tem-
peratureof fusion, T __ - 2nd component temperature of
fusion, R - universa gasconstant, 8,31 J(mol K).

Basedifficulty at the theoretic cal cul ation methods
usingisalack of preciseinformationfor calculation. In
our casethere are alack of melting temperature and
enthapy. Itislogicaly tofind thesecharacteristicsfrom
literature, but unfortunately most of thermodynamic
characteristicsare absent or haveavery contradictory
character.

Melting temperatures and enthal pies can be pre-
dicted, but unfortunately there has not been universal
method that can give preciseresultsfor different type
of substances. Furthermoremedicinal substancesare
often complex heterocyclic, with condensed nuclear,
for whichmdting characterigticspredictionismorecom-
plicated. But last time precise Chickosmethod has ap-
peared and it hasbeen usedinthisarticle, but it allows
to determineentha py of fusion using melting tempera-
ture. Thereforethereisan impe ling need of these char-
acterigticsindependent determination with availablein-
strument. Inour work medicind substancesmdting ther-
modynamic characteristics, that it isnecessary for eu-
tectic compositions and temperatures prediction are
determined andimproved with uniquedifferential scan-
ning cal orimeter of heat flow DSC-500.

Inthisarticlewe study the Situation with ibuprofen
individua puresubstance. Ibuprofen haschemica name
as 2-(4-isobutyl phenyl)propionic acid. Itiswidespread
in medicinal and pharmacol ogy duetoitsantipyretic
and anal gesi c therapeutic action. Ibuprofenisawhite
or amost white crystal powder, isn’t soluble in water,
but issolublein organic solvent (ethanal, acetone). Mo-
lecular weight of ibuprofenis206.285.

H,C

HO CH

3
0 H,C
For eutectic composition theoretical predictingit’s
necessary to know exact i buprofen melting tempera-
tureand itsentha py of fusion. Performing literaturesur-
vey wasfound up that there are very big differences
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between these values. For examplethe melting tem-
peratureliterature dataare ranged from 471 to 86°CI*9
and ison the average 73-76°C, that we can seefrom
theTABLE 1.

TABLE 1: Literaturedataof ibuprofen melting character-
istics
Melting

Enthalpy of

temperature, °C fusion, J/mol Reference
47-50 3
69 - 71 4
75 25000 5]
75.4 25800 [6]
75.5 24877 y
77.7 25715 (8]
78 o)
8486 10
25500 (1]
25500 (12]
25785 (13]
25607 (4]

Such differencesinibuprofen meting temperature
are obviously caused by different purity of original
ibuprofen, different accuracy and melting temperature
finding methods. Asfor ibuprofen enthal py of fusion
there are somerange of datafrom 24877.4 to 25800
Jmol*. And soit wasnecessary to found theseibuprofen
melting characteristicsin our laboratory with Russian
high precise differentia scanning calorimeter DSC-
500151,

Differentia scanning caorimetry DSC-500 dlows
to study thermal behavior of substancesintemperature
interval from — 100 (with using special cryostat) to
500°C: tofind thermodynamic phasetransition charac-
teristics of substances, to estimate heat capacity and
purity, kinetic characteristics(e. g. activation energy).
The gpparatusalowsto study thermal behavior of sub-
stances using scanning speed from 0,5 to 64°C/minto
select optimal scanning speed for different substances
and experimenta conditions. DSC-500isadifferentid
scanning cal orimeter, made asaclass c calorimeter of
heet flow. Thedisk chromel-constantan thermocouple
isthedetector of heat flow and sampleholder.

TheDSC-systemiscarried out constructively the
way dl thermoandytical cdlsbeinsametherma (heat)
conditionsand beidentica each other on heet attitude.

A udéan Journal



PCAIJ, 8(1) 2013

E.V.Agafonova et al. 39

That isthecondition of heat symmetry isheld, that is
necessary for straight base line and high temperature
resolution. Fundamentd differenceof proposed scheme
from known DSC schemewith compensationisinus-
ing themethod of dynamic characteristic correction by
primary transducer mathematic modd anditletincrease
the speed of scale.

Thework principleof calorimeter isbased onlocal
temperature difference between two pointsca orimeter
system measurement. Thedifference appears at heat
Separation or absorption at reaction space. At differen-
tial scanning calorimeter heat block constantandisk is
used as base measurement element. The disk is as
samplehol der, providesnecessary thermo conductivity
betweentheca orimeter cover and thesample. Thedisk
issensor of differential chromel-constantan thermo-
couple.

Differentia scanning caorimeter et investigate dif-
ferent physicochemica processesthat isaccompanied
with heat separation or absorption. It can be used for
heat capacity and thermal emission measurement, for
purity substances determination, for base thermody-
namic and kinetic parameters getting, for
polycomponent phasediagram construction. Scanning
wished temperatureareaiscarried out with linetem-
perature changing programming withintherangefrom
room temperature to 500°C (with using special cry-
ostat up to -100°C)

Thehesat block ismanufactured from corrosionre-
sistant materiasand | et perform linetemperature scan-
ning within therangefrom 0.1 to 64 Cesiusdegree per
minute. The used sample massisfrom 1to 50 milli-
gram. The detection temperature thresholdis0.0004
Celsiusdegree, or 10 microwatts capacity.

Theapparatus have anaog output - for thermo ana-
Iytica information saf-recorder output and digita — for
dataIBM PC registration and processing. The soft-
warefor calorimeter isdevel oped by Fedotov S. and
let perform:

- therma processesinred timedatareadingandim-
agng

- Expeaiment resultssavingininternd format program,
standard fileformat CSV, graphicformat BMP.

- Thermoandytica pesksfull andfractiond squares
automatic caculation

- adjustingof curves(noisedigita filtration)

= Pyl Paper

- temperatureand thermal effect apparatuscaibra

tion

Studiedibuprofen sampleanswversdl specifications
and wasrefineadditionaly with recrystallizationfrom
acetone and ethanol . We control the purity testing tem-
perature congtancy between two recrydlizations. From
our calorimetric data the impurity of ibuprofen test
samplewas 99,987%.

For purity determination weused Van’t Hoff equa-
tion, based onimpure melting temperature depression:

T.=T.- RTOZXE’

AH, . F
where T_—melting temperature at present time, K, T —
melting temperature of absolute puresubstance, K, R
— gas constant, AH, .—mole enthalpy of fusion (calcu-
lated from the peak area), J/(mol K), X — mole con-
centration of impurity, F—fraction melted at T, ration
of peak part before T _tofull content.

From there, dependence T, from 1/F must be

straight and dopemust beas
_RT;X
T AH,.
Weinvestigateibuprofen using two scanning speed
4 and 8°c/min. For investigation on each scanning
speed weuse 7 sampleswith 6-17 mg. Sampleswere
weighed on analytical scales«SSHIMADZU» AUW
120D and were expanded in a uminum containerson
special ingrument. Aluminum containersweredeoiled
inethanol.

Programmed sampleheat wascarried outinair at-
mosphere from 20 to 100°C. For more exact experi-
ment val ues definition we carried out apparatustem-
peratureand heet careful calibrationfor used sengbility
and scan speed.

Thecalibration was carried with using high-purity
metas: indiumIn (t. melt. 156,4°C), tannous Sn (t. mdt.
231,9°C) and cadmium Cd (t. melt. 321°C) . For more
precisedefinitiontheresultsof calibration benzoic acid,
anaestes nwere used. It wasfound out that the class of
calibration substances (metal's, inorganic salt, organic
substances) doesn’t affect on melting temperature and
enthapy results.

Theibuprofen melting temperaturerangesfrom 47
to 86°C indifferent literature sources. It’s necessary to
takeinto consideration that there are not mention what
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temperaturesare used for determination of melting tem-
peratureinthemost of literary source. Themdtingtem-
perature can determine as onset temperature T, peak
temperature, and end temperature. It’s possible that one
of the cause such discrepanciesin melting temperature
and enthd py isusing peak temperatureasmelting tem-
perature. But we proved that melting temperaturewasn’t
be determined as peak temperature, because peak tem-
peratureisdepend highly on samplemass, scanning
speed and other factors. With sample mass, scanning
speed increasing peak temperatureincreasestoo.

And so the melting temperature should be deter-
mined asonset temperature T inthermograph. Onset
temperatureisgraphicaly determined asthepoint on
thethermograph corresponding crossing baselineand
tangent linefor the onset front of peak.

In consequence of executed experimentswefound
that ibuprofen melting temperature was 75,8+0,1°C
(graphic 1) and theseresult wasn’t depend on scanning
speed. Onset temperaturedoesn’t depend on scanning
speed and mass. |buprofen standard melting enthal py
givesaverage 25,63+ 0,1 kJ/mol. And so our results
werethesameasini4.

A

€xo

Differential temperature, "C
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76.8°C 156,6°C

Absolute temperature, ‘C

Graphic1: Thermogrammsof ibuprofen and indium

We al so calcul ateibuprofen entropy of fusion as
79.18 J(mol K):
AS, =AH /H_

Cad culated with Chickosmethods® ibuprofen en-
tropy of fusion wasfound as67.65 J/(mol K) and en-

tha py of fusonwas 23,552 kJmoal.
And cryoscopic constant

—_ AH fus
~ RT2
R —universal gas constant, 8,31 J (mol K)
Cryoscopic constant is0,027306 K. Cryoscopic

constant iswidely used for purity determination.
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