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Abstract Solid-state Ln(L)3 compounds, where Ln stands

for trivalent La, Ce, Pr, Nd, Sm, Eu, and L is ketoprofen

have been synthesized. Thermogravimetry (TG), differen-

tial thermal analysis (DTA), differential scanning calorim-

etry (DSC) as well as X-ray diffraction powder (DRX)

patterns, Fourier transformed infrared spectroscopy (FTIR),

and other methods of analysis were used to study solid

Ketoprofen of lighter trivalent lanthanides. The results

provided information of the composition, dehydration,

coordination mode, structure, thermal behavior, and ther-

mal decomposition. The theoretical and experimental

spectroscopic study suggests that the carboxylate group of

ketoprofen is coordinate to metals as bidentate bond.

Keywords Ketoprofen � Thermal behavior � Infrared

spectroscopy � Carboxylate coordination

Introduction

Thermal methods of analysis are widely used for check-

ing thermal decomposition, thermal stability [1–4],

polymorphism [1], reactions in solid state, drug formula-

tions [5–7], purity [8], evolved gas analysis using simul-

taneous TG–FTIR [9] and other properties of solid

compounds used in pharmaceutical industry [10]. DSC was

used as a screening technique to determine the compati-

bility of ketoprofen with excipients [11], as well as theo-

retical calculations in structural investigations [3]. Owing

to the numerous issues involved, it becomes important to

have a complete understanding of the properties of phar-

maceutical materials.

The Ketoprofen is a nonsteroidal anti-inflammatory

agent that belongs to the class of 2-arylpropionic acids

which constitute a considerable group of pharmaceutical

and commercial interest. From the pharmacological

standpoint, the 2-arylpropionic acids act by blocking the

conversion of arachidonic acid into prostaglandins and

thromboxane A2, responsible for the inflammatory mech-

anism through inhibition of cyclooxygenase [12].

The lanthanides show widely diverse coordination

compounds. These compounds often possess remarkable

and unique spectroscopic properties, photophysical, and

electrochemical applications can be explored in sensory,

pharmacological, and diagnostic [13–16].

The motivation for the preparation of lanthanide com-

plexes with ketoprofen is the structural similarity with

other lanthanide complexes already reported in the litera-

ture, that show pharmacological, diagnostic, and thera-

peutic applications [16]. So this study can contribute as a

basis for future pharmacological applications.

Experimental

The ketoprofen (acid form) with C98% purity was obtained

from Aldrich. Aqueous solution of ketoprofen sodium salt
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(0.1 mol L-1) was prepared by neutralization aqueous

ketoprofen suspension with 0.1 mol L-1 sodium hydroxide

solution and the pH was adjusted to 8.0. The 3D theoretical

structure of ketoprofen is showed in Fig. 1.

Lanthanide chlorides were prepared from the corre-

sponding metal oxides (except for cerium) by treatment

with concentrated hydrochloric acid. The resulting solu-

tions were evaporated to near dryness, the residues redis-

solved in distilled water and the solutions again evaporated

to near dryness to eliminate the excess of hydrochloric

acid. The residues were again dissolved in distilled water,

transferred to a volumetric flask and diluted in order to

obtain ca. 0.1 mol L-1 solutions, whose pH were adjusted

to 5.0 by adding diluted sodium hydroxide or hydrochloric

acid solutions. Cerium (III) was used as its nitrate and ca.

0.1 mol L-1 aqueous solutions of this ion were prepared by

direct weighing and dissolution of the salt.

Solid state compounds were prepared by adding slowly

with continuous stirring, solutions of ketoprofen sodium

salt to the respective metal chloride or nitrate solutions,

until total precipitation of metal ions. The precipitates were

washed with distilled water in order to elimination of

chloride (or nitrate) ions, filtered through and dried on

Whatman no. 42 filter paper, and kept in a desiccator over

anhydrous calcium chloride.

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 5 mg. Alumina crucible was used for TG–

DTA curves.

The metal ions were also determined by complexometric

titrations with standard EDTA solution, using xylenol

orange as indicator [17].
Fig. 1 3D theoretical structure of ketoprofen (optimized using DFT/

B3LYP method)

Table 1 Analytical data for Ln2L3�nH2O

Compound Metal/% DLigand/% Water/% Filial residue/%

Calc. TG EDTA Calc. TG Calc. TG Calc. TG Oxide

La(L)3�lH2O 15.15 15.10 15.94 80.26 80.12 1.97 2.17 17.77 17.71 La2O3

Ce(L)3�1.5H2O 15.13 15.17 15.93 78.51 78.32 2.92 3.06 18.57 18.62 CeO2

Pr(L)3�0.5H2O 15.49 15.35 15.96 80.30 81.01 0.99 1.06 18.71 17.93 Pr6O11

Nd(L)3�1.5H2O 15.49 15.74 16.15 79.03 78.68 2.90 2.88 18.07 18.44 Nd2O3

Sm(L)3�0.5H2O 16.36 15.38 16.52 80.05 81.15 0.98 1.02 18.97 17.83 Sm2O3

Eu(L)3�lH2O 16.35 16.46 16.53 79.14 78.66 1.94 2.34 18.92 19.00 Eu2O3

L ketoprofen

Table 2 IR spectroscopic data for sodium ketoprofen and for its compounds with lighter bivalent lanthanides

Compound vO–H/cm-1 vanti-sym(COO)
-/cm-1 vsym(COO)

-/cm-1 vC=O/cm-1 D/cm-1

NaL�1H2O 3400 1567 1394 1660, 1645 173

La(L)3�lH2O 3400 1548 1409 1658 139

Ce(L)3�1.5H2O 3400 1547 1409 1658 138

Pr(L)3�0.5H2O 3400 1547 1410 1658 137

Nd(L)3�1.5H2O 3400 1545 1414 1658 131

Sm(L)3�0.5H2O 3400 1547 1414 1658 133

Eu(L)3�lH2O 3400 1547 1415 1658 132

L ketoprofen, vO–H hydroxyl group stretching frequency, vanti�sym�ðCOO�Þand vsymðCOO�Þ symetiical and anti-symetiical vibrations of the COO-

group, respectively. vc=o ketonic carbonyl stretching frequency, D vanti�symðCOO�Þ]-[vsymðCOO�Þ]
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DSC curves were obtained with thermal analysis sys-

tems 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 3 mg. Alumi-

num crucibles, with perforated cover, were used for

recording the DSC curves.

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.

The attenuate total reflectance infrared spectra for

ketoprofen sodium salt and for its metal-ion compounds

were run on a Nicolet iS10 FTIR spectrophotometer, using

an ATR accessory with Ge window, within the 4000–

600 cm-1 range.

Computational strategy

In this study, the employed quantum chemical approach to

determine the molecular structures was Becke three-

parameter hybrid theory [18] using the Lee–Yang–Par

(LYP) correlation functional [19], and the basis sets used

for calculations were: 4 s for H (2S) [20], [5s4p] for C (3P)

and O (3P) [20], and [17s11p7d] for La (2D) [21]. The

diffuse functions for the lanthanum atom (2D) were
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Fig. 2 Attenuate total reflectance infrared spectra of a NaL�1H2O,

b La(L)3�1H2O, c Ce(L)3�1.5H2O, d Pr(L)3�0.5H2O, e Nd(L)3�1.5H2O,

f Sm(L)3�0.5H2O, g Eu(L)3�1H2O
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Fig. 3 Comparison between FTIR spectra of: theoretical (a) and

experimental (b) of the La(L)3

Fig. 4 Proposed theoretical structure 3D of solid-state anhydrous

compound of lanthanum ketoprofen (optimized using DFT/B3LYP

method)
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Table 3 Theoretical data of structure 3D of solid-state anhydrous compound of lanthanum ketoprofen (optimized using DFT/B3LYP method)

Ato no. Atom symbol NA NB NC Bond/Å Angle/� Dihedral/� X/Å Y/Å Z/Å

1 La 0.07669 -0.24993 0.03313

2 0 1 2.48489 0.79217 -2.05843 -1.51352

3 C 2 1 1.28017 93.56779 0.81836 -2.94609 -0.59146

4 C 3 2 1 1.51962 119.3704 177.89152 1.16704 -4.38144 -0.9484

5 0 3 2 1 1.27877 120.14814 -0.85206 0.52968 -2.62933 0.61336

6 C 4 3 2 1.52446 108.83282 -92.71453 -0.12174 -5.14558 -1.22965

7 H 4 3 2 1.09129 105.64586 22.42924 1.72515 -4.32467 -1.88447

8 C 4 3 2 1.53395 111.81352 141.68063 2.03415 -5.04256 0.1305

9 C 6 4 3 1.39302 121.32321 -70.10076 -1.01577 -5.45842 -0.20821

10 C 6 4 3 1.39761 120.06869 110.16887 -0.42459 -5.55248 -2.53197

11 H 8 4 3 1.09128 110.00127 -179.62683 2.27209 -6.06771 -0.15821

12 H 8 4 3 1.09239 110.78429 -59.86399 2.97091 -4.49655 0.26334

13 H 8 4 3 1.08926 111.33548 60.07915 1.52243 -5.06441 1.09183

14 C 9 6 4 1.39828 121.10578 179.4273 -2.20232 -6.14916 -0.47314

15 H 9 6 4 1.08218 120.64037 -0.35384 -0.8092 -5.16817 0.81365

16 C 10 6 4 1.39063 120.82923 179.41517 -1.58985 -6.26083 -2.8045

17 H 10 6 4 1.08433 119.505 -0.26991 0.26104 -5.3166 -3.33822

18 C 14 9 6 1.49687 117.93926 177.44669 -3.08344 -6.49953 0.68509

19 C 16 10 6 1.38965 120.15546 1.20356 -2.48469 -6.55262 -1.78212

20 H 16 10 6 1.08349 119.88075 -178.7314 -1.79936 -6.58659 -3.8164

21 C 18 14 9 1.49483 120.53458 150.79247 -4.56249 -6.61993 0.50499

22 0 18 14 9 1.22775 119.65189 -29.26848 -2.58566 -6.69036 1.79105

23 H 19 16 10 1.08228 119.8785 -179.196 -3.38382 -7.11544 -1.99689

24 C 21 18 14 1.39903 122.65391 -30.83286 -5.27191 -5.86758 -0.43734

25 C 21 18 14 1.40022 118.17205 152.69623 -5.26653 -7.46903 1.36752

26 C 24 21 18 1.39126 120.38546 -176.52552 -6.65756 -5.9643 -0.51617

27 H 24 21 18 1.08253 119.99972 1.89435 -4.74533 -5.18625 -1.09338

28 C 25 21 18 1.38755 120.45383 177.8392 -6.64612 -7.58223 1.27167

29 H 25 21 18 1.08232 118.63059 -2.05169 -4.71262 -8.03095 2.10836

30 C 26 24 21 1.39133 120.06284 -0.99383 -7.34526 -6.82792 0.3306

31 H 26 24 21 1.08349 119.80761 179.01475 -7.19903 -5.3654 -1.23873

32 H 28 25 21 1.08358 119.89106 179.11289 -7.18024 -8.25292 1.93427

33 H 30 26 24 1.08378 120.02203 -179.3577 -8.42369 -6.91046 0.26155

34 O 1 2 3 2.47971 102.02485 -126.46211 -1.94366 0.63182 -1.1025

35 C 34 1 2 1.28031 93.84818 129.90661 -2.66838 0.56993 -0.04886

36 C 35 34 1 1.51848 119.50828 177.16917 -4.10161 1.06928 -0.09651

37 O 35 34 1 1.27948 120.05112 -1.53997 -2.17723 0.11307 1.04069

38 C 36 35 34 1.52457 109.26005 -95.26019 -4.14843 2.51118 0.3965

39 H 36 35 34 1.09079 105.89207 20.2963 -4.3817 1.07306 -1.15071

40 C 36 35 34 1.53522 111.6463 139.67588 -5.0481 0.14961 0.68787

41 C 38 36 35 1.39069 120.03388 117.86174 -4.57296 3.52478 -0.45579

42 C 38 36 35 1.39987 121.30695 -63.25413 -3.79227 2.8431 1.70899

43 H 40 36 35 1.09119 109.90787 -178.8357 -6.07118 0.52256 0.61786

44 H 40 36 35 1.09233 110.95814 -59.01242 -5.02456 -0.86702 0.289

45 H 40 36 35 1.08958 111.14399 60.96802 -4.76762 0.10193 1.73966

46 C 41 38 36 1.39965 121.34172 179.80822 -4.6304 4.85706 -0.03066

47 H 41 38 36 1.08294 120.40332 0.04263 -4.87263 3.29733 -1.47129

48 C 42 38 36 1.38956 120.54399 -178.9123 -3.8623 4.15954 2.14826

49 H 42 38 36 1.08352 119.67451 1.33563 -3.45554 2.06704 2.386

50 C 46 41 38 1.49631 117.9618 -177.34486 -5.15576 5.87774 -0.99043
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Table 3 continued

Ato no. Atom symbol NA NB NC Bond/Å Angle/� Dihedral/� X/Å Y/Å Z/Å

51 C 48 42 38 1.39141 120.37561 -0.84433 -4.27131 5.16927 1.28272

52 H 48 42 38 1.08357 119.78222 179.06651 -3.59814 4.40036 3.17117

53 C 50 46 41 1.49471 120.58268 -151.48983 -4.6959 7.29807 -0.91728

54 O 50 46 41 1.22809 119.63128 28.58546 -5.97297 5.54429 -1.84434

55 H 51 48 42 1.08225 119.85284 179.03778 -4.33775 6.18934 1.63811

56 C 53 50 46 1.39897 122.66933 31.2426 -3.41375 7.65547 -0.48663

57 C 53 50 46 1.40026 118.14509 -152.33925 -5.56557 8.29803 -1.36951

58 C 56 53 50 1.39126 120.37751 176.52432 -3.01096 8.98702 -0.50538

59 H 56 53 50 1.08245 119.9981 -1.75443 -2.71907 6.89122 -0.16254

60 C 57 53 50 1.38754 120.44603 -177.82733 -5.17044 9.62811 -1.36538

61 H 57 53 50 1.08232 118.64347 2.06527 -6.54765 8.01087 -1.72232

62 C 58 56 53 1.39129 120.06788 0.9662 -3.89082 9.97546 -0.93495

63 H 58 56 53 1.08348 119.79838 -178.94213 -2.00994 9.2513 -0.18594

64 H 60 57 53 1.0836 119.89217 -179.12474 -5.85577 10.39612 -1.70401

65 H 62 58 56 1.0838 120.02673 179.38676 -3.57971 11.01363 -0.93989

66 O 1 34 35 2.47685 104.09082 -123.72476 1.79327 1.49402 -0.34998

67 C 66 1 34 1.28068 94.0074 127.94379 2.10071 1.59081 0.88947

68 C 67 66 1 1.51865 119.47195 176.68845 3.22795 2.51773 1.3095

69 O 67 66 1 1.27889 120.07358 -1.93138 1.47878 0.89085 1.76058

70 C 68 67 66 1.52446 109.24508 -95.40007 4.51928 1.71639 1.42906

71 H 68 67 66 1.09082 105.9269 20.18209 3.35479 3.22558 0.48929

72 C 68 67 66 1.53518 111.62651 139.5212 2.88554 3.27667 2.59929

73 C 70 68 67 1.39081 120.0414 117.97218 5.60371 2.01741 0.6119

74 C 70 68 67 1.39994 121.31198 -63.05227 4.65148 0.68523 2.36664

75 H 72 68 67 1.09116 109.91767 -179.12337 3.70605 3.94446 2.86663

76 H 72 68 67 1.09242 110.89975 -59.34524 1.98198 3.87688 2.47009

77 H 72 68 67 1.08964 111.13507 60.65165 2.7145 2.58838 3.42653

78 C 73 70 68 1.39962 121.3475 179.93128 6.80258 1.30048 0.69951

79 H 73 70 68 1.08297 120.38942 0.10854 5.53859 2.82131 -0.11082

80 C 74 70 68 1.38951 120.54432 -179.00158 5.84295 -0.02131 2.47597

81 H 74 70 68 1.08351 119.72777 1.30896 3.8162 0.43269 3.00892

82 C 78 73 70 1.49629 117.99676 -177.42284 7.94055 1.72541 -0.17418

83 C 80 74 70 1.39132 120.384 -0.88042 6.91594 0.275 1.64132

84 H 80 74 70 1.08357 119.77439 179.07844 5.93659 -0.80708 3.2162

85 C 82 78 73 1.49476 120.54444 -151.0173 8.95667 0.73087 -0.63538

86 O 82 78 73 1.22802 119.65105 28.98688 8.03921 2.90128 -0.51423

87 H 83 80 74 1.0823 119.83684 179.10501 7.84474 -0.27108 1.74386

88 C 85 82 78 1.39898 122.60458 31.10134 8.64623 -0.61433 -0.86167

89 C 85 82 78 1.40021 118.20216 -152.51911 10.24889 1.18869 -0.92025

90 C 88 85 82 1.39121 120.37549 176.47973 9.61033 -1.48453 -1.36039

91 H 88 85 82 1.08242 119.98953 -1.8115 7.64368 -0.97709 -0.67475

92 C 89 85 82 1.38757 120.44329 -177.7837 11.21581 0.31419 -1.39528

93 H 89 85 82 1.08232 118.63822 2.09804 10.47449 2.23565 -0.764

94 C 90 88 85 1.39125 120.06844 0.96521 10.89774 -1.02464 -1.61858

95 H 90 88 85 1.0835 119.80578 -178.96653 9.35518 -2.52071 -1.54802

96 H 92 89 85 1.08359 119.8935 -179.11494 12.21699 0.67506 -1.59921

97 H 94 90 88 1.0838 120.02768 179.37846 11.65104 -1.70547 -1.99757

Atom No. ? NA bond, Atom No. ? NA ? NB angle; Atom No. ? NA ? NB ? NC dihedral, XYZ cartesian coordinate
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calculated according to the procedure described in Ref.

[21] and these values are: as = 0.00669534, ap =

0.079333735, ad = 0.096432865. In order to better

describe the properties of the compound in the imple-

mentation of the calculations, it was necessary to include

polarization functions [22] for all atoms of the compounds.

The polarization functions are: ap = 0.33353749 for H

(2S), ad = 0.72760279, and ad = 0.36059494 for C (3P)

and O (3P), respectively, and af = 0.36935391 for La (2D)

atoms. The role of a basis set is a crucial point in

theoretical studies of metal complexes, since the descrip-

tion of the configuration of the metal in the complex differs

from the neutral state. The performed molecular calcula-

tions in this study were done using the Gaussian 09 routine

[23].

The theoretical infrared spectrum, it was calculated

using a harmonic field [24] based on C1 symmetry (elec-

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

intensities, assignments, and description of vibrational

modes are presented. The geometry optimization was

computed using the optimized algorithm of Berny [25] and

the calculations of vibrational frequencies were also

implemented to determine an optimized geometry consti-

tutes minimum or saddle points. The principal infrared-

active fundamental modes assignments and descriptions

were done by the GaussView 5.0.2 W graphics routine

[26].

Results and discussion

The analytical results from TG and complexometry are

shown in Table 1. These data permitted to establish the

stoichiometry of the compounds, which is in agreement

with general formula Ln(L)3�nH2O, where Ln represents

lighter lanthanides (La-Eu), L is ketoprofen and n = 1 (La,

Eu), 1.5 (Ce, Nd), and 0.5 (Pr, Sm).

The X-ray powder patterns showed that all the com-

pounds were obtained with low crystallinity degree and

without evidence for the formation of an isomorphous

series.

Infrared spectroscopic data on ketoprofen (sodium salt)

and its compounds with La, Ce, Pr, Nd, Sm, and Eu are

shown in Table 2 and Fig. 2. The bands found for keto-

profen (sodium salt) are centered at 1660, 1645 cm-1

(ketonic carbonyl stretches), 1567 cm-1 (asymmetrical

carboxylate vibration), and 1394 cm-1 (symmetrical car-

boxylate vibration). The ketonic carbonyl stretches vibra-

tions frequency is unchanged in the compounds in

comparison with sodium salt (*1658 cm-1). These data

suggest that the ketonic carbonyl does not participate in

coordination with the metal centers.

The calculated values of (delta) (asymmetrical–sym-

metrical carboxylate vibrations) for the synthesized com-

pounds, shows smaller values in comparison of those

values calculated for the sodium salt (Table 2). These

results suggest that the coordination of the metals occurs in

the carboxylate site of ketoprofen as bidentate bond [27].

The great similarity between the spectra of the complexes

suggests that all are coordinated in the same way. The

theoretical calculations of infrared and 3D structure are in

agreement with this interpretation (Figs. 3, 4). The theo-

retical infrared spectra for La(L)3 (Fig. 3) are centered at
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Fig. 5 TG–DTA curves of the compounds a La(L)3�1H2O (m =

4.970 mg), b Ce(L)3�1.5H2O (m = 4.760 mg), c Pr(L)3�0.5H2O

(m = 5.054 mg), d Nd(L)3�1.5H2O (m = 5.069 mg), e Sm(L)3�
0.5H2O (m = 5.081 mg), f Eu(L)3�1H2O (m = 4.948 mg)
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1688 cm-1 (ketonic carbonyl stretches), 1524 cm-1

(asymmetrical carboxylate vibration), and 1436 cm-1

symmetrical carboxylate vibration). The Table 3 showed

the theoretical data of 3D structure of La(L)3.

The simultaneous TG–DTA curves of the compounds

are shown in Fig. 5, and the details of the thermal events

(mass losses, temperature intervals, and peak tempera-

tures) are described in Table 4. The TG curves exhibit

mass losses in three (Ce, Pr, Sm) and four (La, Nd, Eu)

steps and thermal events corresponding to these losses

(DTA).

The first mass loss from 30 to 100 �C for all the com-

pounds is attributed to dehydration, which occurs in a

single step and TG curves show that the anhydrous com-

pounds are stable up to 243 �C (La), 212 �C(Nd),

206 �C(Sm), 200 �C(Eu), 191 �C(Pr), and 161 �C(Ce).

After dehydration, the mass losses observed for all the

compounds are due to the thermal decomposition of

organic ligand. These take place in consecutive and/or

overlapping steps with partial losses which are character-

istic for each compound.

For the anhydrous cerium, praseodymium, and samar-

ium compounds, the thermal decomposition occurs in two

steps. The first step is attributed to the decomposition of

organic ligand. Small exothermic peaks corresponding to

this loss are observed in DTA curve, probably due to

endothermic and exothermic reactions must be occurring

simultaneously (Fig. 5). The second step is attributes to the

oxidation of the organic matter and it is accompanied by

exothermic event in the DTA curve.

For the anhydrous lanthanum, neodymium, and euro-

pium compounds, the thermal decomposition occurs in

three steps. The first and second steps are ascribed to the

decomposition of organic ligand, Small exothermic peaks

corresponding to this loss are observed in DTA curve,

probably due to endothermic and exothermic reactions

must be occurring simultaneously (Fig. 5).

The third step is attributes to the oxidation of the organic

matter and it is accompanied by exothermic event in the

DTA curves.

For all compounds, the final thermal decomposition

residues were the respective oxides, CeO2, Pr6O11, and

Ln2O3 (Ln = La, Nd, Sm, and Eu) as proven by X-ray

powder diffractometry.

The DSC curves of the compounds are shown in Fig. 6.

These curves show endothermic and exothermic peaks that

all are in accordance with the mass losses observed in the

TG curves. The endothermic peaks at 85 �C (La), 80 �C

(Ce, Pr, Sm), and 75 �C (Nd, Eu) are assigned to the

dehydration. The dehydration enthalpies found for these

compounds (La, Ce, Pr, Nd, Sm, and Eu) were 15.88,

33.36, 9.01, 52.50, 22.98, and 52.27 J g-1, respectively.

Table 4 Temperature ranges 9, mass losses and peak temperatures observed for each step of the TG–DTA curves of the compounds

Compounds Steps

First Second Third Fourth

La(L)3�lH2O h �C 30–100 243–457 457–584 616–700

Loss/% 2.17 32.67 45.33 2.12

Peak/�C 73 (endo) 283 and 397 (exo) 497 and 554 (exo)

Ce(L)3�1.5H2O h �C 30–100 161–390 390–566

Loss/% 3.06 40.05 38.27

Peak/�C 73 (endo) 249 and 377 (exo) 528 (exo)

Pr(L)3�0.5H2O h �C 30–100 191–472 472–613 –

Loss/% 1.06 42.60 38.41

Peak/�C 88 (endo) 362–460 (exoterm) 535

Nd(L)3�1.5H2O h �C 30–100 212–461 461–587 587–654

Loss/% 2.88 36.33 40.70 1.65

Peak/�C 80 (endo) 406 (exo) 541 (exo)

Sm(L)3�0.5H2O h �C 30–100 206–460 460–600 –

Loss/% 1.02 39.50 41.65

Peak/�C 84 (endo) 357–457 (exoterm) 523 (exo)

Eu(L)3�lH2O h �C 30–100 200–388 388–465 465–630

Loss/% 2.34 18.28 16.44 43.94

Peak/�C 80 (endo) 266 and 375 (exo) 410–455 (exoterm) 518 (exo)

L ketoprofen
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Conclusions

Based on the TG curves and the results of complexometric

titration, a general formula could be established for the

synthesized compounds. For all the compounds the TG

curves show that the dehydration occurs in a single step

and in the same temperature range. These curves also show

that the thermal stability of the anhydrous compounds is

characteristic of each compound. TG–DTA and DSC pro-

vided previously unreported information concerning the

thermal behavior and thermal decomposition of these

compounds.

The spectroscopic infrared experimental data and the

theoretical calculations, suggests that the carboxylate of

ketoprofen is coordinate to metals as bidentate bond and

the great similarity between the infrared experimental

spectra of the complexes suggests that all are coordinated

in the same way.
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