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Abstract 

Lornoxicam metal complexes [M(Lor)2(OH2)2]∙nH2O, where M represents the bivalent 

transition metals (Mn(II) to Zn(II)), Lor is Lornoxicam ligand and n = 2.0 or 2.5 were 

synthesized. The compounds were characterized by elemental analysis (EA), powder  

X-ray diffraction (PXRD), infrared spectroscopy (FTIR), simultaneous thermogravimetry 

and differential scanning calorimetry (TG-DSC) under oxidizing and pyrolysis 

conditions, differential scanning calorimetry (DSC), hot-stage microscopy (HSM) and 

evolved gas analysis (EGA) by coupled hot-stage microscopy (HSM-MS) and Fourier 

transform infrared (TG−FTIR). Regardless of the atmosphere, the thermal stability and 

thermal behavior up to the first two mass loss steps of the anhydrous compound were 

similar, only differing significantly in the last steps. The main gaseous products released 
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were H2O (dehydration), SO2, CO, CO2, COS, HCN, HNCO, Methyl Isocyanate, and 

Ethyl Isocyanate. In addition, FTIR data suggest that pyridyl and carboxyl groups are the 

coordination sites for metal ions and confirm the presence of differing bounded waters. 

Keywords: Transition metal complexes; Lornoxicam; Thermal Analysis; TG-FTIR; 

HSM-MS. 

1. Introduction 

Lornoxicam (C13H10ClN3O4S2, HLor, Fig. 1) is a non-steroidal anti-inflammatory drug 

(NSAID), used in cases of inflammation, pain and fever treatment due to its antipyretic 

and analgesic properties [1,2]. Studies show that Lornoxicam has potential in the 

treatment of cancer and Alzheimer’s disease [3,4]. This drug belongs to Oxicam non-

steroidal anti-inflammatory family, which are inhibitors of two types of cyclo-oxygenase, 

COX-1 and COX-2. Furthermore, the efficacy of Lornoxicam is due to the high inhibition 

of prostaglandin biosynthesis [1,5]. 

 

Figure 1 – Lornoxicam Structure 

Metal ions are of the great importance to vital functions present in biological processes, 

i.e. cell growth and development. Besides that, transition metal complexes with active 

drugs as ligands are widely investigated by the scientific community, due to the 

possibility of these compounds presenting an enhanced activity or different 

pharmacological profile than the free drug [1,6–10]. 



Several studies reported the synthesis of coordination compounds using Oxicams as 

ligands [11–14]. Some studies have described that Lornoxicam metal complexes have 

promising antitumor and antimicrobial activity. However, the Lornoxicam metal 

complexes are little studied, compared to the other NSAIDs compounds and, when it 

occurs, the synthesis usually is done through heating, reflux and using organic solvents, 

making the process costlier, time-consuming and environmentally hazardous [15-17].  

Thermal analysis is widely used for studies of thermal degradation of molecules, 

especially for those that have therapeutic or biological properties and their metal 

complexes, to identify the thermal stability, stoichiometry, degree of hydration of the 

compounds and polymorphism studies. In addition, associated with FTIR and XRPD 

techniques, it is possible to know the degree of crystallinity of synthesized compounds, 

the coordinating sites of the drug and even propose a mechanism of degradation [18–24].  

The synthesis and characterization of bivalent transition metal complexes with the 

lornoxicam ligand in the anionic form have not yet been described ([M(Lor)y], only the 

neutral form has been used to obtain salts of coordination compounds of general formula 

[M(HLor)y]Xn [15,17,25]. Therefore, the aim of this work was to synthesize Mn(II), 

Fe(II), Co(II), Ni(II), Cu(II) and Zn(II) coordination compounds with Lornoxicam as a 

ligand, using a green synthesis method.  

2. Experimental 

2.1 Synthesis  

Chemicals of analytical grade, MnCl2∙4H2O and FeSO4∙7H2O (Merck), CoCl2∙6H2O 

(Carlo Erba), NiSO4∙6H2O, CuSO4∙5H2O and ZnSO4∙7H2O (Sigma), and Lornoxicam 

(HLor) (donated by Biolab Farmacêutica) were used without further purification.  



Lornoxicam sodium salt (NaLor) aqueous solution (5×10-2 mol L-1) was prepared by 

adding 1 mol L-1 sodium hydroxide solution to an aqueous suspension of Lornoxicam 

until pH = 8.5. 

Aqueous solutions (5×10-2 mol L-1) of each bivalent metal ion (Mn(II), Fe(II), Co(II), 

Ni(II), Cu(II) and Zn(II)) were obtained by direct weighing of the respective salt and 

dissolution in distilled water. 

Solid-state compounds were obtained by adding slowly with continuous stirring, 10.0 mL 

of the respective metal ion solution to 30.0 mL of Lornoxicam sodium salt aqueous 

solution.  

The precipitates obtained were washed with distilled water and decanted several times 

until the elimination of chloride or sulphate ions (qualitative test with AgNO3/HNO3 

solution for chloride ions or BaCl2 solution for sulphate ions). They were then filtered 

and dried at 323.15 K in a forced circulation air oven for 12 hours and maintained in a 

desiccator over anhydrous calcium chloride.  

        2.2 Characterization of complexes 

 Hydration water, metal ions, and Lornoxicam contents were determined from TG 

curves obtained in air and nitrogen atmospheres. Simultaneous TG-DSC curves, infrared 

spectra, and EGA (TG-FTIR) data were obtained following the method already described 

[26]. 

Simultaneous TG-DSC curves were performed on Mettler Toledo TG/DSC 1 

equipment using -alumina crucible (150 µL), sample mass weighing about 10 mg, air 

and N2 atmospheres with 50 mL flow rate and heating rate of 10 K min-1. Results were 

processed with the Mettler STARe 9.3 software. 



Carbon, nitrogen, and hydrogen were determined by microanalytical procedures, 

with CNH Elemental Analyzer from Perkin-Elmer model 2400 and from TG curves 

obtained in dynamic dry air atmosphere, since the ligand lost occurs with the formation 

of the respective oxides with known stoichiometry, as final residue. 

 Differential scanning calorimetry (DSC) curves were obtained by using a TA 

Instruments, Q10 model, in nitrogen atmosphere, at a flow rate of 50 mL min-1 and 

heating rate of 10 K min-1. The samples, weighing about 2 mg, were analyzed in 

aluminum crucibles with a perforated cover.  

 Hotstage microscopy (HSM) measurement was performed with a stereoscopic 

microscope (Leica) and a water-cooled hot-stage (HSM5, Stanton-Red-croft). The 

samples, weighing 5 mg, were analyzed at a rate of 10 K min-1, under an inert atmosphere, 

in 5-6 mm alumina crucibles. This system, developed at Huddersfield University [27] was 

coupled to a quadrupole mass spectrometer (HPR20, Hiden, Warrington, UK). Evolved 

gases were transferred via a heated capillary line to the inlet of the spectrometer, full mass 

scans were recorded between 4 and 300 m/z ratios with an accumulation time of 200 ms 

per scan.  

 X-ray powder diffraction (XRPD) patterns were obtained from 5° to 50° (2θ), with 

10° min-1 and step size of 0.04°, in a Rigaku MiniFlex 600 X-ray diffractometer (Rigaku 

Corporation). CuKα radiation (λ = 1.54056 Å), 40 KV and 30 mA were employed.  

3. Results and Discussion 

3.1 TG-DSC for Lornoxicam sodium salt 

 TG-DSC curves for lornoxicam sodium salt in dynamic dry air and nitrogen 

atmospheres are shown in Fig. 2. These curves show mass losses in six (air) or four (N2) 

consecutive steps and thermal events corresponding to these losses.  



The first mass loss between 318.15 K and 418.15 K, corresponding to a broad 

endotherm (323.15 - 418.15 K) is attributed to dehydration with loss of 1 H2O  

(mTheor. = 4.57%, mTG air = 4.42%, mTG N2 = 4.49%).  

In an air atmosphere the anhydrous compound is stable up to 448.15 K and above 

this temperature the thermal decomposition occurs in five steps between 448.15 – 478.15 

K (m = 14.60%), 478.15 – 673.15 K (m = 32.66%), 673.15 – 883.15 K (m = 19.13%), 

883.15 – 953.15 K (m = 10.36%) and 953.15 ≥ 1073.15 K (m = 4.71%), corresponding 

to exothermic peaks at 448.15 K, 563.15 K, 723.15 K, 873.15 K, 913.15 K, and 1003.15 

K, attributed to oxidation of organic matter and/or gaseous products evolved during the 

thermal decomposition. Qualitative test (BaCl2 solution) on the final residue of the 

thermal decomposition identified the presence of sulphate ions, probably due to the 

incomplete thermal decomposition of lornoxicam sodium salt.  

 In an atmosphere of N2 the anhydrous compound is stable up to 448.15 K and 

above this temperature the pyrolysis occurs in three steps between 448.15 – 478.15 K (m 

= 14.44%), 478.15 – 673.15 K (m = 32.9%) and 673.15 – 1073.15 K (m = 19.35%). 

The thermal behavior under N2 atmosphere up to the first two steps is similar to that 

observed in oxidizing conditions, which suggests the same mechanism of thermal 

decomposition. The last step occurs slowly, and no thermal event on the DSC curve is 

observed probably due to the slow pyrolysis of the carbonized material. 

 These results also suggest that reactions with the oxidizing atmosphere become 

significant at temperatures above 673.15 K, drastically modifying the thermal degradation 

processes of intermediates and solid products formed in the previous first steps. 



 

Figure 2 – TG-DSC curves of sodium salt in dynamic dry air and nitrogen atmospheres 

3.2 Analytical Results for Lornoxicam metal Complexes 

The results of quantitative analysis obtained from thermogravimetric curves, 

EDTA complexometry, and elemental analysis are found in Table 1. The data present 

excellent agreement among themselves and with this it was possible to establish the 

stoichiometry of these compounds, which presents the general chemical formula 

M(Lor)2∙nH2O, where M represents the bivalent transition metals (Mn, Fe, Co, Ni, Cu, 

and Zn), Lor is Lornoxicam ligand and n = 4.0 (Fe, Co, Ni, Cu and Zn) or 4.5 (Mn).  



 

3.3.TG-DSC in dry air and N2 atmospheres 

 3.3.1 TG-DSC curves of the Manganese compound, Fig. 3, shows mass losses 

in four (N2) and five (air) complexes with steps. The first mass loss (313.15 – 453.15 

K) corresponds to a release of 4.5 H2O (mTheor. 9.24%, mTG air = 9.08%, mTG N2 = 

9.08%) and it is accompanied by an endothermic event, 358.15 – 418.15 K (N2) and 

363.15 – 453.15 K (air). Although the profile of the thermoanalytical curves does not 

suggest overlapping dehydration processes, probably different types of hydration 

water must exist in this compound, since the dehydration temperature range is very 

large. 

 The anhydrous compound is stable up to 483.15 K and above this temperature it 

undergoes three (N2) or four (air) thermal decomposition steps, corresponding to thermal 

events in the DSC curve.   

 In air atmosphere the first mass loss is accompanied by exothermic peak at  

513.15 K, while a small exothermic event (613.15 – 713.15 K) is observed for the second 

one. The third mass loss step, corresponding to the large exothermic peak at 863.15 K in 

the DSC curve, is attributed to the combustion of the carbonized material formed in the 

previous steps. The last step of mass loss, corresponding to a slight exothermic peak at 

1023.15 K in the DSC curve, is attributed to oxidation of carbonized residue. The mass 

losses that occur in each step of the TG curve were: 21.49%, 20.58%, 37.50%, and 1.83%. 



The total mass loss up to 1033.15 K, is in agreement with the formation of manganese 

oxide, Mn3O4, as final residue (mTheor.= 91.31%, mTG air = 90.48%). 

 In N2 atmosphere the first two steps of thermal decomposition of the anhydrous 

compound are very similar to those observed in air atmosphere, suggesting that the 

atmosphere exerts little influence in the initial processes of thermal degradation of that 

compound. However, after 783.15 K a significant difference is noticed, probably because 

from this temperature the carbonized material produced in the previous steps is pyrolyzed 

only in nitrogen atmosphere, whereas in air atmosphere it undergoes oxidation. In 

addition, it should be noted that there are no thermal events associated with the last step 

of mass loss, probably because the pyrolysis of the carbonized material occurs through a 

very slow process. 

 



Figure 3 - TG-DSC curves of Mn compound in dynamic dry air and nitrogen atmospheres 

3.3.2 TG-DSC curves of the iron compound, Fig. 4, shows mass losses in five 

steps for both atmospheres. The first two overlapping steps of mass loss between 313.15 

– 448.15 K, corresponding to slight endotherms in the DSC curve (398.15 e 438.15 K), 

are attributed to the loss of 4 H2O (mCalc. = 8.29%, mTG ar = 8.13%, mTG N2 = 8.05%). 

These processes clearly suggest that there must be both lattice and coordinated water 

molecules in the compound.  

 Immediately after the dehydration, it undergoes three thermal decomposition 

steps. The first two steps are very similar in both atmospheres, corresponding to the 

exothermic peaks and without thermal event in the DSC curve, respectively. The last step 

shows a significant difference, while in nitrogen atmosphere a slow mass loss occurs up 

to 1073.15 K, without any thermal event in the DSC curve, in air atmosphere this step 

occurs through a fast process, corresponding to the large exothermic peak. These 

differences are associated with combustion (air) and pyrolysis (N2) of the carbonized 

material. 

 The total mass loss up to 773.15 K (air) is in agreement with the formation of 

iron(III) oxide, Fe2O3, as final residue (mTheor. = 90.82%, mTG air = 91.34%). 



 

Figure 4 - TG-DSC curves of Fe compound in dynamic dry air and nitrogen atmospheres 

3.3.3 TG-DSC curves of the Cobalt Compound, Fig. 5, shows mass losses in 

five steps for both atmospheres. The first two overlapping steps (313.15 – 463.15 K), 

accompanied by two endothermic events at 398.15 K and 453.15 K, correspond to the 

release of 4 H2O (mTheor. = 8.26%, mTG air = 8.44%, mTG N2 = 8.32%), attributed to 

lattice water and coordinated water, respectively. Once dehydrated it is stable up to  

478.15 K and above this temperature the thermal decomposition occurs in three 

consecutive steps. The first two steps are similar, although in oxidizing atmosphere the 

mass loss rate is higher, which suggests that oxidative processes are contributing to the 

thermal degradation of this compound, evidenced by the large exothermic peak in the 



DSC curve. Only the last step of mass loss is significantly different, probably because it 

is associated with distinct processes, oxidation (air) and pyrolysis (N2). At this stage, in 

air atmosphere, it is possible to verify a slight mass gain, most probably due to the 

incorporation of oxygen in the previously formed compound, with the formation of cobalt 

oxide, Co3O4, as final residue (mTheor. = 90.80%, mTG air = 90.36%). 

 

Figure 5 - TG-DSC curves of Co compound in dynamic dry air and nitrogen atmospheres 

3.3.4 TG-DSC curves of the Nickel Compound, Fig. 6, shows mass losses in 

five steps for both atmospheres. The first two steps (313.15 – 473.15 K), accompanied by 

two endothermic events at 398.15 K and 463.15 K are attributed to dehydration with loss 



of 4 H2O (mTheor. = 8.26%, mTG air = 8.51%, mTG N2 = 8.30%), probably lattice and 

coordinated water, respectively.  

 The anhydrous compound is thermally stable up to 483.15 K and undergoes 

thermal decomposition in three consecutive steps for both the atmospheres employed (air 

and N2). In air atmosphere, these losses are accompanied by exothermic events at 523.15 

K, 683.15 K and 828.15 K, attributed to the initial thermal degradation of the anhydrous 

compound in the first step and oxidation of organic matter and/or of the gaseous products 

evolved during the last two steps of the thermal decomposition. In nitrogen atmosphere, 

the first step, associated with the exothermic peak at 530.15 K, is very similar to that 

observed in the oxidizing atmosphere, which suggests that the initial thermal degradation 

process is independent of the atmosphere used. The other steps occur more slowly and 

are associated with broad events at 713.15 K (exothermic) and 753.15 K (endothermic) 

on the DSC curve, different from that observed in the oxidizing atmosphere. This shows 

the influence of the atmosphere at higher temperatures, probably by the oxidation reaction 

of the released gases and/or the carbonized material formed during the degradation. 

The total mass loss up to 863.15 K (air) is in agreement with the formation of 

nickel oxide, NiO, as final residue (mTheor. = 91.44%, mTG air = 91.50%). 



 

Figure 6 - TG-DSC curves of Ni compound in dynamic dry air and nitrogen atmospheres 

3.3.5 TG-DSC curves of the copper Compound, Fig. 7, also shows mass losses in five 

steps for both atmospheres. The first two steps (313.15 – 443.15 K), corresponding to 

endothermic events at 373.15 K and a small and broad one at  

428.15 K, attributed to dehydration with loss of 4 H2O (mTheor. = 8.21%, mTG air = 

8.02%, mTG N2 = 7.97%), probably lattice and coordinated water, respectively.  

The anhydrous compound is slightly more stable in an oxidizing (483.15 K) than 

in an inert (473.15 K) atmosphere, suggesting that oxidative processes must be occurring 

in the solid state, which delays the thermal degradation reaction. 



The first step, corresponding to an exothermic peak at 508.15 K (air) or  

493.15 K (N2), is slightly shifted to higher temperatures under air atmosphere, probably 

because oxidative reactions must occur simultaneously with the thermal degradation of 

the compound, as already indicated by the thermal stability. The second step between 

523.15 – 588.15 K (air) or 513.15 – 593.15 K (N2) is similar for both atmospheres, but 

produces a greater amount of carbonized residue in air atmosphere, probably because 

different products were generated in the previous steps. The last step between 588.15 – 

918.15 K (air) and 593.15 – >1073.15 K (N2) is similar to that observed for the other 

compounds, in which oxidation of carbonized material and pyrolysis under air and N2 

atmospheres occurs, respectively.  

 The total mass loss up to 918.15 K (air) is in agreement with the formation of 

copper oxide, CuO, as final residue (mTheor. = 90.93%, mTG air = 91.78%).  



 

Figure 7 - TG-DSC curves of Cu compound in dynamic dry air and nitrogen atmospheres 

3.3.6 TG-DSC curves of the Zinc Compound, Fig. 8, shows mass losses in six 

(air) or five (N2) consecutive steps. The first two steps, 313.15 – 468.15 K (air and N2), 

corresponding to two endothermic peaks at 403.15 K (air and N2) and 458.15 K (N2), is 

attributed to dehydration with loss of 4 H2O (mTheor. = 8.20%, mTG air = 8.44%, mTG 

N2 = 8.13%), probably lattice and coordinated water, respectively. Immediately after the 

dehydration, the anhydrous compound shows mass loss in four (air) or three (N2), up to 

848.15 K all steps of mass loss and associated thermal events are very similar. The last 

(N2) and the third (air) step are attributed to slow pyrolysis (N2) or oxidation (air) of the 

carbonized material produced in the previous steps. 



 The last two steps in air atmosphere are attributed to oxidation of the carbonized 

material leading to the formation of zinc oxide (ZnO), as final residue (residueTheor. = 

9.26%, residueTG air = 8.78%).  

Finally, it should be mentioned that the thermal stability of the metal complexes 

are very similar to that observed for the free ligand [28], probably because the free ligand 

is maintained by solid state ionic interactions [29], which increases reticular energy and 

hence its thermal stability. 

Further information on the data presented is shown in Table 1S.  

 

Figure 8 - TG-DSC curves of Zn compound in dynamic dry air and nitrogen atmospheres 

3.4 TG-FTIR in dynamic dry air and nitrogen atmospheres 



 Gram-Schmidt (GS) curves and selected spectra at different temperatures for the 

nickel compound, as representative of all compounds, are shown in Fig. 9. The GS curves 

suggest three steps of thermal decomposition in both atmospheres. However, since the 

second and third mass loss steps in N2 atmosphere are small and slow, they did not 

correspond to sharp peaks in the GS curve, different from that observed in the GS curves 

obtained in air atmosphere. 

 

Figure 9 – GS curves and selected IR spectra for Ni compound in dynamic dry air and 

nitrogen atmospheres 

 Infrared spectra analysis, based on the spectral library available in the equipment 

software, shows that the main gases released during the thermal decomposition of these 

compounds were H2O (dehydration), SO2, CO2, COS, and HCN. In addition, the weak 



band at 2251 cm-1, partially overlapping the very strong band of asymC=O (CO2), can be 

attributed to isocyanic acid (HNCO) and/or methyl isocyanate (CH3NCO) and/or ethyl 

isocyanate (C2H5NCO), which will be confirmed by mass spectrometry analysis (section 

3.2.3).  

A more detailed analysis of the TG-FTIR data by the construction of the 

Chemigram curves (Fig. 1S) reveals in which step the main gaseous products (SO2, CO, 

CO2, COS, and HCN) are released in greater quantity. In air atmosphere, a large amount 

of CO2 is released in the last mass loss step, attributed to combustion of the carbonized 

material formed during the degradation of the compound. In the N2 atmosphere, CO2 

release is very low, only a small peak in the first step is observed, probably associated 

with loss of the carbonyl group of the amide, as also observed in air atmosphere. For both 

atmospheres, the higher release of SO2 occurs in the first step, attributed to the partial loss 

of the sulfonyl group. These results suggest that the onset of the thermal degradation of 

lornoxicam occurs by the thiazine ring and the amide group, releasing CO2 and SO2. 

3.5 HSM-MS in dynamic dry air and nitrogen atmospheres 

The mass spectra obtained by HSM-MS under oxidizing and pyrolysis conditions 

for nickel compound, as representative of all compounds, are shown in Fig. 10 (a and b). 

Mass spectra confirm the release of CO2, SO2, COS, and HCN, in agreement with the 

results of TG-FTIR. In addition, m/z corresponding to isocyanic acid (HNCO), methyl 

isocyanate (CH3NCO) and ethyl isocyanate (C2H5NCO) were found in the mass spectra, 

which clarified the clues observed in the FTIR spectra. As already seen by TG-FTIR, the 

first step of thermal decomposition is attributed to the cleavage of the molecule into the 

amide group and the sulfonyl group, since only the m/z 64 (SO2) and m/z 44 (CO2) are 

detected in this temperature range, for both atmospheres.  



  

Figure 10 - HSM-MS of Ni compound under dry air (a) and nitrogen (b) atmospheres 

3.6 Hotstage microscopy 

Hotstage microscopy was performed in dry air and nitrogen atmospheres. The 

micrographs obtained for the nickel compound, as representative of all the compounds, 

are presented in Figure 11 (a and b). The micrographs show little change in the color of 

the compound up to about 423.15 K, suggesting that the first dehydration step observed 

on the TG curve is related to loss of weakly bound water, probably lattice water; on the 

other hand, after approximately 423.15 K a drastic change in coloration is observed 



(yellow to brown), which suggests a change in the coordination sphere of the metal center 

due to the elimination of coordinated water, according to the second dehydration step 

observed on the TG curve. At 473.15 K, in both atmospheres, a process of darkening of 

the samples was initiated, attributed to the beginning of the thermal degradation of the 

compound and suggesting that this process is little influenced by the conditions used, in 

agreement with the TG-DSC curves. After this temperature, the sample becomes 

completely black and shiny, probably because the decomposition products are formed in 

the liquid state. Finally, the compounds under heating did not show melting or 

crystallization, again agreeing to the results of the TG-DSC curves.  

 

Figure 11 – HSM micrographs of Ni compound under dry air (a) and nitrogen (b) 

atmospheres.  

(a) A) 323.15 K, B) 373.15 K, C) 423.15 K, D) 473.15 K, E) 593.15 K, F) 673.15 K, G) 

773.15 K, H) 873.15 K, I) 973.15 K and J) 1073.15 K 



(b) A) 323.15 K, B) 373.15 K, C) 423.15 K, D) 473.15 K, E) 573.15 K, F) 673.15 K, G) 

773.15 K, H) 873.15 K, I) 973.15 K and J) 1073.15 K 

         3.7 Differential scanning calorimetry 

 The DSC curves of the Lornoxicam compounds in nitrogen atmosphere are shown 

in Fig. 12. The endothermic peaks at 421.12 K (Mn), 391.61 K and 445.02 K (Fe), 388.78 

K and 446.03 K (Co), 394.02 K and 464.26 K (Ni), 364.99 K and 420.3 K (Cu) and, lastly, 

405.51 K and 456.3 K are attributed to dehydration of the coordination compounds. From 

these data, the dehydration enthalpy was calculated and the values obtained were 243.97 

kJ mol-1 (Mn), 206.07 kJ mol-1 (Fe), 243.01 kJ mol-1  (Co), 223.49 kJ mol-1 (Ni), 173.07 

kJ mol-1 (Cu) and 268.63 kJ mol-1 (Zn). 

 

Figure 12 – DSC curves of (a) Mn, (b) Fe, (c) Co, (d) Ni, (e) Cu and (f) Zn compound 

The DSC dehydration profiles of Lornoxicam compounds were very similar to those 

obtained by TG-DSC analysis. Fe, Co, Ni, Cu and Zn compounds exhibited two 



dehydration endothermic peaks. The first one is probably due to the loss of weakly bonded 

H2O, while the second one is due to the loss of H2O in the coordination sphere.  

3.8 Powder X-Ray diffraction (PXRD) 

The PXRD diffractogram of the free drug and of the synthesized compounds are 

presented in Fig. 13. The diffractograms of the complexes exhibit a distinct diffraction 

pattern compared to that of the free drug, confirming that the synthesis has been 

successfully performed and that the free drug is not present as an impurity in the 

compounds. These diffractograms also show that the obtained compounds are crystalline 

and the degree of crystallinity follows the order Mn > Ni = Zn > Fe = Co > Cu. In addition, 

all the metal complexes have the same diffraction pattern, this suggests that they have the 

same crystalline structure and that the ligand coordinates to the different metallic centers 

through the same coordination mode. 



 

Figure 13 - X-ray powder patterns of (a) Lor, (b) Mn, (c) Fe, (d) Co, (e) Ni, (f) Cu and 

(g) Zn compound 

3.9 Infrared vibrational spectroscopy 

The FTIR spectra and the assignments of the main vibrational modes of 

lornoxicam and metal complexes are shown in Fig. 14 and Table 2S. 



 

Figure 14 - FTIR spectra of (a) Lor, (b) Mn, (c) Fe, (d) Co, (e) Ni, (f) Cu and (g) Zn 

compound 

The spectrum of Lornoxicam does not show absorption bands attributed to O-H 

stretching () and deformation () vibrations of the β-keto−enol group, however, band 

attributed to  N+–H (3067 cm-1) and  C=N+ (1544 cm-1) of the protonated pyridyl group 

are present, suggesting that it exists in the solid state in  zwitterionic form, in accordance 

with the results of structural determination [30,31]. In the complexes these bands are not 

observed, indicating that the nitrogen pyridine is deprotonated and available for 

coordination to the metal ions. This is confirmed by the analysis of the bands associated 

with the pyridyl ring vibrations in the drug, which are shifted to lower wavelengths in the 

spectra of the metal complexes, confirming that the pyridine nitrogen is participating in 

coordination. The bands assigned to N-H (CONH), C=O (CONH, amide I band) and 

NH (Amide II band) are all shifted to lower wavelengths in the complexes, suggesting 



that the oxygen of the amide group also participates in coordination to metal centers, as 

already observed for complex salts of these compounds [15,17]. The bands assigned to 

the SO2 group were also shifted, probably due new interactions in the synthesized 

compounds [17].  

In addition, the weak and broad bands around 3550 cm-1 and 3200 cm-1 are 

attributed to O-H of water present in the compounds; the first associated with weakly 

bound water (lattice water) and the second to coordinated water [31,32]. The presence of 

coordinated water was confirmed by the medium strength bands at 843 cm–1, 

characteristic of rocking H2O (r H2O) frequencies [31,32]. These results are in agreement 

with the results observed in the TG curves. 

From the thermoanalytical and spectroscopic results, a structural formula for these 

compounds was proposed and presented in Fig. 15.  

 

 Figure 15 – Structural formula proposed for Lor complexes 



 

4 Conclusion 

From the analytical and thermoanalytical data obtained, it was possible to 

determine the stoichiometry of synthesized Lornoxicam compounds 

[M(Lor)2(OH2)2]·nH2O, n = 2.0 (Fe, Co, Ni, Cu and Zn) or 2.5 (Mn). 

 The thermoanalytical techniques provided a deep understanding of the thermal 

properties of these metallic complexes, not yet reported in the scientific literature. The 

TG-DSC curves show that these compounds undergo mass loss in four, five or six mass 

loss steps, associated with endothermic and exothermic events. The dehydration 

processes occur in two overlapping steps (not so clear for the Mn compound), which 

suggests that there are lattice and coordinated water in these compounds. The thermal 

stability and the first two steps of thermal decomposition are very similar in oxidative and 

pyrolysis conditions, which suggests that the main mechanism of thermal decomposition 

is independent of the atmosphere used and the metal center. 

From the results of DSC and HSM, it was possible to determine the enthalpy of 

dehydration, to discard possible polymorphic transitions, and to evaluate the presence of 

lattice and coordinate water molecules in the compounds. 

TG-FTIR and TG-MS analysis showed that the major products of thermal 

decomposition of Lornoxicam complexes with transition metals were CO2, SO2, COS, 

HCN, HNCO, CH3NCO and C2H5NCO. These data suggest that the main mechanism of 

thermal decomposition is independent of the atmosphere used and the metal center, 

especially in the first two steps, in agreement with the interpretations of the TG-DSC 

curves. 



 From XRPD analysis it was possible to observe that the compounds are crystalline 

and isomorphous, with degree of crystallinity in the order Mn > Ni = Zn > Fe = Co > Cu. 

The diffractograms of the synthesized compounds, when compared to the diffractograms 

of Lornoxicam, confirm the formation of the metallic complexes. 

 Finally, from the data of infrared vibrational spectroscopy, it was possible to 

determine the coordination sites of the Lornoxicam ligand to the transition metals, to 

confirm the presence of lattice and coordinated water, and to propose a chemical structure 

of these compounds. 

 Therefore, the results obtained showed that Lornoxicam complexes with transition 

metals were synthesized and that the synthesis method was effective. However, it is 

possible to carry out future studies, in order to thoroughly evaluate the thermal 

decomposition mechanisms, even identify the intermediates formed during 

decomposition and/or evaluate the bioavailability/biological activity of the complexes 

compared to the free drug. 
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Figure 1S. DTG and Chemigram of most abundant released gases of Ni compound in dry air atmosphere. The FTIR bands used were: CO (2207 – 2087 cm-1), CO2 (2410 – 

2200 cm-1), SO2 (1400 – 1277 cm-1), COS (2097 – 1993 cm-1) and HCN (728 – 707 cm-1). 



 

 

Figure 2S - DTG and Chemigram of most released gases of Ni compound in nitrogen atmosphere. The FTIR bands used were: CO (2212 - 2097 cm-1), CO2 (2411 - 2200 cm-

1), SO2 (1418 -  

1277 cm-1), COS (2100 - 2003 cm-1) and HCN (728 - 702 cm-1). 



 



 


