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Abstract Thermogravimetry (TG), differential thermal

analysis (DTA), differential scanning calorimetry (DSC) as

well as X-ray diffraction powder (DRX) patterns and

Fourier transformed infrared spectroscopy (FTIR) were

used to study ketoprofen, ibuprofen, and naproxen. The

chemical or physical properties of the studied compounds

were established and when possible by X-ray powder dif-

fractometry and/or infrared spectroscopy were used. In this

investigation, quantum chemical approach was used to

determine the molecular structures using Becke three-

parameter hybrid method and the Lee–Yang–Par (LYP)

correlation functional. The performed molecular calcu-

lations in this work were done using the Gaussian 03

routine. Theoretical calculations help in interpretations of

FTIR spectra supplying structural and physicochemical

parameters.
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Introduction

Thermal methods of analysis are widely used for checking

thermal decomposition, thermal stability [1–4], polymor-

phism [2], reactions in solid state, drug formulations [5–8],

purity [9], and other properties of solid compounds used in

pharmaceutical industry [1, 5, 9–12]. Because of the

numerous issues involved, it becomes important to have a

complete understanding of the properties of pharmaceutical

materials.

A pharmaceutical preparation consists of the actual

drug(s) or active ingredient(s) together with so-called

excipients or inactive ingredients (fillers, additives,

etc.), all of which must be present in the correct pro-

portions. Pharmaceutical preparations [13–16] provide

the means by which pharmaceutically active substances

or drugs can be supplied to the body, so that both the

physiological considerations concerning the means of

application (oral, cutaneous, sub-cutaneous, and rectal,

etc.) and the physico-chemical properties of the drug

are suitable.

Micro-thermal analysis has been applied as a means in

situ characterization of ibuprofen pharmaceutical tablet

coat [17]. Thermal studies with ibuprofen [18] and its

mixtures with starch [15] were realized. DSC was used as a

screening technique to determine the compatibility of

ketoprofen with excipients [19]. Studies with mixtures of

naproxen in binary or ternary solid dispersions were also

described [20–22], as well as theoretical calculations in

structural investigations [23].
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No reference has been found on the application of TG–

DTA and DSC in the comparative study and thermal

behavior of these compounds.

Experimental

The analgesic and anti-inflammatory drugs: ketoprofen

(lot. 3713), ibuprofen (lot. 3712) and naproxen (lot. no.

7210) were furnished by Geabras Prod. Quı́m. Farm. Ltd.

The structural formula is shown in Fig. 1.

Simultaneous TG–DTA curves were obtained with

thermal analysis system, model SDT 2960 (TA Instru-

ments). The purge gas was an air flow of 100 mL min–1.

A heating rate of 20 �C min–1 was adopted, with samples

weighing about 4–5 mg. Alumina crucible was used for

TG–DTA curves.

DSC curves (heating and cooling) were obtained with

thermal analysis systems model Q-10 (TA Instruments).

The purge gas was an air flow of 100 mL min-1. A heating

rate of 20 �C min-1 was adopted with samples weighing

about 2.5 mg. Aluminum crucibles, with perforated cover,

were used for recording the DSC curves. The determination

of purity is based on the assumption that an impurity will

depress the melting point of a pure material whose melting

is characterized by melting point.

X-ray powder patterns were obtained by using a

Siemens D-5000 X-ray diffractometer, employing Cu Ka
radiation (k = 1.541 Å) and settings of 40 kV and 20 mA.

Infrared spectra for these compounds were run on a

spectrophotometer model FTIR-8400 (Shimadzu), within

the 4000–400 cm-1 range. The solid samples were pressed

into KBr pellets or directly by reflectance.
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Fig. 1 Structural formulas of a ketoprofen, b ibuprofen, and

c naproxen
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Fig. 2 TG–DTA curves a ketoprofen (m = 4.757 mg), b ibuprofen

(m = 5.173 mg), c naproxen (m = 4.942 mg)
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Fig. 3 X-ray diffraction powder patterns of ketoprofen: a solid,

b melting, and c recrystallized
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Computational Strategy

In this investigation, the employed quantum chemical

approach to determining the molecular structures was

Becke three-parameter hybrid method [24] using the Lee–

Yang–Par (LYP) correlation functional [25] and the basis

sets used for calculations were the 6-311g(d) [26, 27]. The

performed molecular calculations in this work were done

using the Gaussian 03 routine [28].

As the molecular structure of the compounds could not

be determined by the single crystal X-ray diffraction

technique, a geometry optimization was computed using

the optimized algorithm of Berny [29].

The theoretical infrared spectrum, it was calculated

using a harmonic field [30] based on C1 symmetry (elec-

tronic state 1A). Frequency values (not scaled), relative

intensities, assignments and description of vibrational

modes are presented. The calculations of vibrational fre-

quencies were also implemented to determine see an

optimized geometry constitutes minimum or saddle points.

The principal infrared-active fundamental modes assign-

ments and descriptions were done by the GaussView 3.0

graphics routine [31].

Results and discussion

The thermal behavior of the drug substances is shown in

Fig. 2a–c. TG–DTA curves of ketoprofen show thermal

stability until 170 �C. The first mass loss occurs between

170 and 378 �C with loss of 98.5% corresponding to an

endothermic peak at 309 �C and an exothermic peak at

343 �C. The second mass loss occurs between 435 and

617 �C with loss of 1.5%, corresponding to an exotherm

between 444 and 611 �C. The melting of the compound

begins at 86 �C with peak at 97 �C, in agreement with the

literature [13]. However, it was observed that the keto-

profen once melted do not returns to solid state, even after

12 h except by external interaction. X-ray powder patterns

of the ketoprofen, melted, and recrystallized by external

interaction are shown in Fig. 3. The break in the TG curve

between 92 and 114 �C is attributed to the melting of the

sample.
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Fig. 5 DSC curve of ibuprofen (heating and cooling); m = 2.448 mg

Table 1 Infrared spectroscopic theoretical and experimental data of ketoprofen, ibuprofen, and naproxen

Compound Ketoprofen Ibuprofen Naproxen

IR data (cm-1) m Theor. m Exp. Dm/% m Theor. m Exp. Dm/% m Theor. m Exp. Dm/%

C–H aromatic stretch 3186 3053 ?4.36 3160 3094 ?2.13 3165 3000 ?5.50

CH3 antisymm. stretch 3111 2981 ?4.36 3083 2955 ?4.33 3104 2968 ?4.58

CH2 antisymm. stretch – – – 3051 2922 ?4.41 – – –

C=O carboxylic acid stretch 1821 1697 ?7.31 1824 1718 ?6.40 1828 1726 ?5.91

C=O ketone stretch 1724 1654 ?4.23 – – – – – –

Symm. ring strech 1645, 1625 1593 ?3.26 1550 1508 ?2.78 1678, 1653 1603 ?4.68

CH3 asymmetric bend 1519 1448 ?4.90 1517 1458 ?4.05 1522 1458 ?4.39

C–C–O–H antisymm. bend/stretch 1405 1417 -0.85 1360 1419 -4.16 1359 1392 -2.37

CH3 symmetric bend 1430 1373 ?4.15 1414 1373 -2.99 1428 – –

C–O–C asymm. stretch methoxy group – – – – – – 1305 1226 ?6.44

C–O–C symm. stretch methoxy group – – – – – – 1070 1026 ?4.29

C–C–C stretch/bend ketone group 1293 1283 ?0.78 – – – – – –

C–C–O antisymm. bend/stretch – – – 1197 1267 -5.52 210 1267 ?4.50

OH out-of-plane in acid dimer – – – – 939 – – 924 –

Symm. out-of-plane ring hydrogens 736 712 ?3.37 793 744 ?6.58 808 796 ?1.51

Out-of-plane ring bend 706 698 ?1.15 661 669 -1.20 684 671 ?1.94
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The DSC curve of ketoprofen (with heating and cooling)

is shown in Fig. 4. In the first heating the fusion is

observed (peak at 96 �C); and in the first cooling as well as

for the second heating and second cooling no peaks is

observed. Purity of 99.3% was calculated according Van’t

Hoff equation and with DH = 30.83 kJ/mol.

TG–DTA curves of ibuprofen Fig. 2b show thermal

stability up to 127 �C. The thermal decomposition occurs

between 127 and 253 �C with total mass loss correspond-

ing to an endothermic peak at 239 �C. Fusion of this

compound begins at 71 �C with peak at 81 �C, in agree-

ment with the literature [13].

X-ray powder patterns of the ibuprofen and ibuprofen

recrystallized shows same structure.

DSC curve of ibuprofen Fig. 5 shows in the first heating

the melting at 78.5 �C. No peak is observed during the first

cooling and the second heating and cooling, however is

observed that the ibuprofen returns slowly to solid state

after fusion (approximately 1 h). Purity of 98.5% was

calculated according Van’t Hoff equation with

DH = 31.71 kJ/mol.

TG–DTA curves of naproxen Fig. 2c show thermal

stability up to 165 �C. The first mass loss occurs between

158 and 306 �C (Dm = 99%) corresponding to the endo-

thermic peak at 295 �C and the second mass loss occurs

between 307 and 450 �C (Dm = 1%) corresponding to the

exothermic peaks at 322 and 447 �C.

The endothermic peak at 157 �C is due to the fusion of

naproxen. Purity by DSC was not calculated because the

fusion occurs together with the thermal decomposition.

Infrared spectroscopic data of ketoprofen, ibuprofen,

and naproxen (theoretical and experimental) are shown in

Table 1. Theoretical data of ketoprofen, ibuprofen, and

naproxen are shown in Tables 2, 3, and 4. The optimized

structures of the ketoprofen, ibuprofen, and naproxen are

shown in Figs. 6, 7 and 8. The theoretical infrared spec-

trum helped in the interpretation of experimental infrared

and provided information about geometry 3D of the

compounds.

Conclusions

TG–DTA curves supplied information on thermal stability

and thermal decomposition of the studied compounds. The

DSC curves allowed us to determine the melting point of

ketoprofen and ibuprofen as well as the enthalpy (DHfusion)

and purity by using the Van’t Hoff equation. The results are

in agreement with the manufacturer’s specifications.

Studies on reversibility processes were realized by DSC

with heating and cooling.

Theoretical calculations help in interpretations of FTIR

spectra supplying structural. The theoretical results are

therefore in agreement with the experimental data.

The reflectance FTIR spectra show the formation of

polymeric structure through the carboxyl groups (–COO-)

for ketoprofen and ibuprofen. For naproxen was not

Fig. 8 Theoretical 3D structure of naproxen

Fig. 6 Theoretical 3D structure of ketoprofen

Fig. 7 Theoretical 3D structure of ibuprofen
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possible to verify the modifications, because fusion occurs

simultaneously with decomposition.
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