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New series of Mg(II), Ca(II), Sr(II) and Ca(II) complexes with 
indomethacin (indo) anti-inflammatory drug have been synthesized. 
These complexes have been characterized by different physico-chemical 
techniques like elemental analysis, FT-IR, UV-Vis spectroscopy, 
1H-NMR spectroscopy, conductance measurements, and thermo- 
gravimetric analysis. Spectroscopic studies suggest coordination of all 
complexes in a regular octahedral arrangement in 2L:1M molar ratio by 
two O-carboxylate group and four coordinated water molecules in the 
form of [M(L)2(H2O)4], M metal, L ligand (indo). The FT-IR spectra of 
complexes indicate the involvement of the –COOH group in the 
complexation after deprotonation as monodentate. The nanoscale range 
of the prepared complexes was analyzed based on transmittance electron 
microscopy (TEM). Complexes have been screened for their 
antibacterial (Gram negative bacteria (Escherichia coli), (Gram positive 
bacteria (Bacillus subtilis) and antifungal (Aspergillus niger and 
Aspergillus flavus) showing promising antimicrobial biological activity. 
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INTRODUCTION* 

Indomethacin (indo, Fig. 1) is one of the most 
potent of the clinically used non-steroidal anti-
inflammatory drugs (NSAIDS) and interferes with 
prostaglandin synthesis by direct inhibition of the two 
cyclo oxygenase systems.1 Indomethacin is used as 
analgesic and antipyretic but its efficacy is offset by 
significant incidence of gastrointestinal ulceration 
and hemorrhage. The absorption of indo is associated 
within minutes.2 In literature survey, the cooper (II) 
complexes with NSAID ligands have been a 
pharmacological properties as an active anti-
inflammatory agent. The carboxylate group has an 
attracted attention because of the diversity of the 
binding modes.7 Indomethacin is a mono carboxylic 
acid which is capable of forming a coordination bond 
                                                 
* Corresponding author: fatimaalkhodir@yahoo.com 

with many metals. In this paper we reported the 
synthesis and spectral characterizations of Sr(II), 
Ba(II), Ca(II), and Mg(II) complexes of 
indomethacin. The complexes have been 
characterized using IR, 1HNMR and conductivity 
measurement and biological evaluation of non-
transition indomethacin complexes. 

RESULTS AND DISCUSSION 

1. Elemental analysis  
and conductance measurements 

The results of elemental analysis and physical 
properties of the indo complexes are presented in 
Table 1. The complexes are stable, insoluble in H2O 
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and are soluble in dimethylsulfoxide (DMSO) and 
dimethylformamide (DMF) organic solvents. The 
four isolated solid complexes are [Sr(indo)2(H2O)4] 
(1), [Ba(indo)2(H2O)4] (2), [Ca(indo)2(H2O)4] (3), and 
[(Mg(indo)2(H2O)4] (4), which resulted from 
interaction between the chloride salts of the SrII, BaII, 
CaII and MgII ions and the indo-H ligand. Table 1 
gives the percentage of observed and calculated data 
of the carbon, hydrogen, nitrogen and divalent 
metal(II) ions contents, which are in good agreement 
with each other. 

Molar conductivities of indo complexes in 
DMF solvent (10-3 M) were in the range of 7- 
16 Scm2mol-1, suggesting them to be of non-
electrolyte nature.8 These data matched with the 
absence of Cl− ion evidenced by AgNO3. 

2. Infrared spectra 

The main infrared bands of M(II)/indo are 
summarized in Table 2 and shown in Fig. 2a,b. The 
indo free drug ligand exhibits a very strong 
absorption band at 1716 cm-1 due to stretching 
vibration of ν(C=O) of free ketonic of carboxylic 
group.9 This band is shifted or disappeared in the 
spectra of its complexes. The major characteristic 
of the IR spectra is the frequency of the 
υasym(COO) and υsym(COO) stretching vibration. 

The frequency of these bands depends upon the 
coordination mode of the carboxylate group. The 
υasym(COO) and υsym(COO) bands appear at 1530-
1598 cm-1 and 1340-1398 cm-1, respectively.10 
Nakamoto et al.11 have established that if the co-
ordination is monodentate, the υasym (COO) and 
υsym(COO) will be shifted to higher and lower 
frequencies, respectively. Whereas, if the 
coordination is chelating bidentate or bridging 
bidentate, both the υasym (COO) and υsym(COO) 
change in the same direction because the bond 
order of both (C=O) bonds would change by the 
same amounts. On the basis of these facts and 
comparison of the υasym(COO) and υsym(COO) 
frequencies of the indo complexes by the 
υasym(COO) and υsym(COO) frequencies of sodium 
carboxylate10, it can be said that all prepared 
complexes have a monodentate structure. The 
stretching broad band of υ(O-H) occurred as 
expected10,12 at range 3400-2500 cm-1. It should be 
mentioned here that these assignments for the 
bands assigned to coordinated water deformation 
(ρr and ρw) molecule fall in the frequency regions 
(600-800 cm-1) reported for related complexes.12 
The weak or medium intensity were observed in 
the wave number range 475-560 cm-1 and can be 
assigned to υ(M-O) stretching vibration. 
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Fig. 1 − Chemical structure of indomethacin drug (indo). 

 
Table 1 

Elemental analysis and physical data of indo complexes 

Content ((calculated) found) 
Complex 

C % H % N % M % 
Λ 

Scm2 mol -1 
1 ( 56.35) 

56.21 
(4.75) 
4.54 

(3.46) 
3.41 

(3.00) 
2.96 7 

2 (55.28 ) 
55.18 

(4.64) 
4.56 

(3.39) 
3.31 

(4.85) 
4.80 15 
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Table 1 (continued)

3 ( 52.27 ) 
52.18 

(4.39) 
4.32 

(3.21) 
3.19 

(10.03) 
9.96 12 

4 (49.45) 
49.39 

(4.15) 
4.09 

(3.04) 
3.00 

(14.88) 
14.81 16 

 
Table 2 

IR frequencies (cm-1) of indo-H and its SrII, BaII, CaII and MgII complexes 

Compounds Assignments indo-H 
Sr(II) Ba(II) Ca(II) Mg(II) 

ν(OH); H2O 3412 3408 3406 3388 3421 
ν(CH) aromatic 
νas(CH2) 

3058 
2974 

2989 
2932 

2931 2990 
2948 

2932 

νas(CH2) 2870 - - 2835 - 
ν(COOH) 1716 - - - - 
ν(CO) amide 1685 1684 1623 1684 1677 
νas(COO) 1585 1542 1552 1543 1593 
νs(COO) 1440 1438 

1398 
1475 
1370 

1446 
1397 

1469 
1366 

δ(CH) + (C-O) 1370 1365 
1316 

1318 1367 
1316 

1321 
 

νas(C-O-C) 
ρ(CH) aromatic 

1274, 1246, 
1178, 1129  

1267, 1227, 
1180, 1144, 
1078, 1023 

1226, 1147 
1080, 1036 

1267, 1227 
1183, 1144 
1078, 1035 

1227, 1147 
1080, 1029 

ν(C-N) 1074   1023  
νs(CC) 974 919 918 918 919 
δ(CC)  
(ρr + ρw); H2O 

819 837, 800, 752, 
684, 624 

835, 787 
748, 680 

835, 799 
752, 682, 624 

839, 754 
661, 605 

ν(M-O) - 542, 475 596, 476 542, 474 481 
 

 
Fig. 2a − FT-IR spectrum of indo/Mg2+ complex. 
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Fig. 2b − FT-IR spectrum of indo/Ba2+ complex. 

 
 

3. 1H-NMR spectra 

The 1H-NMR spectra for indo-H and Sr(II) 
complex were carried out in DMSO. The 1H-NMR 
data for free indo-H: δ = 11.10 [H, COOH], 2.1 [2H, 
CH2], 3.5 [3H, CH3], 4.1 [3H, CH3O], 6.15-7.15 [H, 
aromatic rings]. The 1HNMR data for the Sr(II)/indo 
solid complex are in agreement with coordination 
through the carboxylic group by the absence of the 
H(1) signal in Sr(II) complex and aromatic signals 
decreased in the intensities, thus showing that the 
magnetic environment of aromatic ring has changed 
significantly with coordination. The signal observed 
at 2.48-2.51 and 3.37 ppm in case of Sr(II) complex, 

see Table 3 and Fig. 3, are assigned to the 
coordinated water molecules. 

4. UV-Vis spectra and optical band gap 

The UV-Vis spectrum of the indo-Sr complex 
show strong absorption band at 304 nm due mainly to 
intraligand π−π* band as shown in Fig. 4 Concerning 
indo complexes of Mg(II), Ca(II), and Ba(II) metal 
ions have two strong absorptions around ~ 300 and ~ 
375 nm (see Fig. 4) that were attributed to π−π* and 
n−π* transitions, respectively. 

 

 
Fig. 3 − 1H-NMR spectrum of Sr/indo complex. 
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Table 3 
1H-NMR spectral data of indo and its Sr(II) complex 

δ ppm of hydrogen Compound 
2H; CH2 3H; CH3 3H; CH3O 5H; ArH H; COOH 

indo-H 2.10 3.50 4.10 6.15-7.15 11.10 
Sr(II) 2.12 3.43 3.68 6.61-7.60 -- 
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Fig. 4 − UV-vis spectra of indo complexes. 

 
Optical absorption studies in the wavelength 

range of 200-600 nm at room temperature show 
that optical band gap Eg of indo-Mg, indo-Ca, 
indo-Sr and indo-Ba metal complex is 2.43, 2.53, 
2.60, and 2.43 eV, respectively. The band gap 
energy can be calculated using Tauc model, in 
direct band transition case:13  

(αhυ)2 =Ao (hυ-Eg) 

where Ao is a constant, hυ is the photon energy and 
Eg is the optical band gap energy, ⍺ is optical 
absorption coefficient deduced from the absorption 
data. The optical energy band gap calculated from 
Tauc’s plot (Fig. 5) varies from 2.43 eV to 2.60 
eV, according to the metal type. The decrease in 
the band gap is attributed to the type of metal 
complexes. The results of optical study reported in 
this paper are in good agreement with the 
observations of other researchers. 

In literature study14 it is suggested that 
coordination leads to raised mobilization of the 
ligand electrons by accepting them in the shell of 
metal ions. It can be evaluated that after formation of 
the complex, the chemical structure of the ligands is 
changed, the width of the localized levels is expanded 
and, in turn, the band gap is smaller. This result is 
very significant in applications of electronic and 
optoelectronic devices, because of the lower optical 
band gap of the materials.15 Small band gap facilitates 
electronic transitions between the HOMO-LUMO 
energy levels and makes the molecule more electro-
conductive.16 In essence, the obtained band gap 
values suggest that these complexes are 
semiconductors and lie in the same range of highly 
efficient photovoltaic materials. So, the present 
compounds could be considered potential materials 
for harvesting solar radiation in solar cell 
applications.17 Perhaps, the little in the optical band 
gap Eg values between respected complexes is due to 
their same chemical structures.  
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Fig. 5 − Optical absorbance spectra versus wavelength and plot of (αhυ)2 versus (hυ) of indo complexes. 

 
5. Thermogravimetric analyses 

Thermal analysis curves (TG and DTG) of 
Mg(II), Ca(II), Sr(II) and Ba(II) indo complexes 
are shown in Fig. 6 and interpreted in Table 4.  

The thermal decomposition of Sr(II)-indo 
complex occurs in three steps. The first degradation 
step takes place in the range of 80-300 oC and it  
corresponds to the eliminated of three coordinate 
H2O molecules. The second step occurs in the range 
of 312-490 °C which is assigned to loss of 
H2O+C8H15O2N2Cl. The third decomposition step 
within the temperature range (490-600 °C) assigned 
to loss of C33H15O5Cl. The final product, formed at 
700 °C, consists of (SrO with contaminated aromatic 
condensed phase). 

The thermal decomposition of Ba(II)-indo 
complex proceeds with three degradation steps. The 
first decomposition stage occurs with maximum rate 
at temperature 291 °C. The mass loss at this step is 
associated with the loss of 4H2O+C8H20. The second 
decomposition stage occurs with maximum rate at 
temperature 444 °C, the observed mass loss of this 
step is  associated with the loss of C8H10O4N2Cl2. The 
third step of the degradation occurs at maximum 
temperature of 520 °C and is accompanied by loss of 

3CO. The final product formed at 700 °C consists of 
BaO with contaminated aromatic condensed phase. 

The thermal decomposition of Ca-indo complex 
has three decomposition steps. These steps located in 
the range between 80-200 °C, 200-500 °C and 500-
650 °C and the mass loss for the first step is due to 
the loss of 4H2O. The second decomposition stage 
occurs with maximum rate at temperature 226 °C the 
mass loss at this step is associated with the loss of 
C10H30O3N. The third step of the degradation occurs 
at maximum temperature of 598 °C and is 
accompanied by loss of C25O4NCl2. The final product 
formed at 700 °C consists of (CaO with contaminated 
aromatic condensed phase). 

The thermal decomposition of Mg(II)-indo 
complex occurs in four decomposition steps. The first 
degradation step takes place in range of 100-320 °C 
and it corresponds to the loss of 4H2O+CH4. The 
second step occurs in the range of 320-400 °C which 
is assigned to loss of C6H12O4. The third step occurs 
in the range of 400-490 °C which is assigned to loss 
of Cl2. The fourth decomposition step occurs in the 
range of 490-600 °C which corresponds to the loss of 
C19H18N2O3. The final product formed at 700 °C 
consists of (MgO with contaminated aromatic 
condensed phase). 
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Fig. 6 − TG-DTG curve of indo-Ca(II) complex. 

 
Table 4 

Thermal analysis (TG) data summary for the synthesized indo complexes 

TGA  
Mass loss % 

Assignment Complexes Steps  Temp 
range/(oC )  

DTG  
peak 
/(oC ) Calcd. Found  

1 
 

1 
2 
3 

80-312 
312-490 
490-600 

206 
372 
549 

6.10 
25.70 
46.50 

5.80 
25.20 
46.90 

3H2O 
H2O+C8H15O2N2Cl 

C23H15O5Cl 
SrO+ aromatic condensed phase 

residual  
2 
 

1 
2 
3 
 

100-375 
375-477 
477-650 

291 
444 
520 

20.40 
29.10 
9.10 

20.50 
28.90 
9.10 

 

C8H20+4H2O 
C8H10O4N2Cl2 

3CO 
BaO+ aromatic condensed phase 

residual 
3 
 

1 
2 
3 
 

80-200 
200-500 
500-650 

128 
226 
598 

8.70 
25.60 
54.40 

9.40 
25.05 
54.80 

4H2O 
C10H30O3N 
C25O4NCl2 

CaO+ aromatic condensed phase 
residual 

4 
 

1 
2 
3 
4 

100-320 
320-400 
400-490 
490-600 

297 
334 
443 
516 

10.80 
18.30 
8.70 

34.30 

10.90 
 18.20 
8.60 
33.90 

4H2O+CH4 
C6H12O4 

Cl2 
C15H18N2O3 

MgO+ aromatic condensed phase 
residual 

 
6. Kinetic thermodynamic calculations 

The kinetic and thermodynamic parameters 
have been evaluated using the Coats-Redfern and 
Horowitz-Metzger equations18,19 (see Table 5). 

The entropy of activation, ∆S*, was calculated. 
The activation enthalpy, ∆H*, and Gibbs free 
energy, ∆G*, were calculated from ∆H* = E* – RT 
and ∆G* = ∆H* – T∆S*, respectively12,20. The 
thermodynamic behavior of all the complexes of 
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indo with Mg(II), Ca(II), Sr(II) and Ba(II) metal 
ions is non-spontaneous (more ordered) reactions 
(∆S is negative value), endothermic reactions (∆H 
>0) and endergonic (∆G >0) during the reactions. 
The thermodynamic data obtained with the two 
methods are in accordance with each other. The 
smaller size of the ions permits a closer approach of 
the ligand. Hence, the E value in the first stage for 
the Mg+2 complex is higher than that for the other 
Ba+2 complex. The correlation coefficients of the 
Arrhenius plots of the second step of the thermal 
decomposition were found to lie in the range 0.98 to 
0.99, showing a good fit with linear function. It is 

clear that the thermal decomposition process of all 
indo complexes is non-spontaneous.20 

7. Transmission electron microscopy 

The surface morphological study and particle 
size of the indo complexes nanoparticles are 
carried out using TEM images. Figure 7 shows the 
TEM images of the prepared indo-Mg(II) complex 
in nanoparticles state within scale range 50-500 
nm. It is evident that the indo complexes are 
formed from extremely semi-spherical particles 
which are loosely aggregated. 

 
Table 5 

Kinetic parameters based on Coats–Redfern (CR) and Horowitz–Metzger (HM) relationship for the indo complexes 1-4 

Parameter 

Complexes Stage Method E 

(J mol−1) 
A (s−1) 

∆S 

(J mol−1 K−1) 

∆H 

(J mol−1) 

∆G 

(J mol−1) 

r 

1 2nd 
CR 

HM 

2.38×105 

2.43x105 

1.05x1017 

4.03×1017 

-9.21×10 

-1.00×102 

2.30x105 

2.32×105 

1.74x105 

1.72×105 

0.9951 

0.9987 

2 2nd 
CR 

HM 

9.31×104 

9.22×104 

6.41×1012 

5.90×1012 

-2.01×10 

-2.02×10 

8.33×104 

8.00×104 

8.95×104 

8.88×104 

0.9923 

0.9932 

3 2nd 
CR 

HM 

8.87×104 

9.77×104 

1.10×107 

2.11×107 

-1.10×102 

-9.21×101 

8.43×104 

9.64×104 

1.40×105 

1.44×105 

0.9910 

0.9899 

4 2nd 
CR 

HM 

6.09×104 

6.01×104 

4.71×107 

3.62×107 

-9.92×101 

-1.02×102 

5.99×104 

5.62×104 

9.21×104 

8.80×104 

0.9954 

0.9963 

 

 
Fig. 7 − TEM image of indo-Mg(II) complex. 
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Table 6 

Antimicrobial data of indo complexes 

Diameter of inhibition zone (cm) Samples 
B. subtilis E. coli Aspergillus niger Aspergillus flavus 

Control 0 0 0 0 
1 2.6 1.2 2 2.2 
2 2.7 1.3 2.7 3.2 
3 1.8 1.1 2.3 2.1 
4 2.5 1.2 2.2 1.6 

 

0

0.5

1

1.5

2

2.5

3

3.5

Di
am

et
er

 o
f i

nh
ib

iti
on

 z
on

e 
(c

m
)

Control Sr + L1 Ba + L1 Ca + L1 Mg + L1
Tested compounds

B. subtilis
E. coli
Aspergillus niger
Aspergillus flavus

 

Fig. 8 − The diameter of inhibition zone (cm) for biological activity of indo (L1) complexes. 
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Fig. 9 − Suggested structure of indo complexes (M= Mg(II), Ca(II), Sr(II) and Ba(II)). 
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8. Antimicrobial activity 

From Fig. 8 and Table 6, it can be seen that mean 
diameter of inhibition zone increased in the following 
order: Ca(II)-indo = Mg(II)/indo (1.3-2.7 cm) higher 
than Ba(II)-indo = Sr(II)/indo (1.2-2.5 cm) against 
four kinds of bacteria and fungi (B. subtilis (Gram, 
+ve), Escherichia coli (Gram, -ve) and fungal 
(Aspergillus niger and Aspergillus flavus) inhibitory 
zone. The high sensitivity of the indo complexes has 
been attributed to hyper conjugation of the 
coordinated aromatic Lewis bases, which increase the 
net electron density on the coordination metal(II) ion 
and consequently higher antimicrobial activity. The 
control sample (DMSO solvent) has not any 
influence on the inhibition zone of four kinds of 
bacteria and fungi as shown in Fig. 8.    

9. Suggested structures of indo complexes 

On the basis of the above interpretations, the 
following structures of Mg(II), Ca(II), Sr(II) and 
Ba(II) indo complexes may be suggested as 
referred in Fig. 9. 

EXPERIMENTAL 

1. Chemical and reagents 

All chemicals were of reagent grade and were used 
without further purification. Indomethacin free drug was 
received from Aldrich Company and metal salts (MgCl2, 
SrCl2, CaCl2 and BaCl2) were purchased from Fluka. 

2. Synthesis of  Mg2+, Sr2+, Ca2+ and Ba2+ complexes 

The indo complexes were synthesized by the reaction of 
divalent metal(II) chloride (1 mmol; 20 mL distilled water) to 
solution of indo (2 mmol; 20 mL 99% CH3OH) with a 
stoichiometry of 1:2 (M:L). The pH was adjusted in between 
7-8 using 5% NH4OH in CH3OH. The resulting solutions were 
stirred and refluxed on hot plate at 60 °C for 2 hrs. The 
resulted precipitates were filtered, washed several times with 
distilled H2O to remove un-reacted ions from filtrate. The 
complexes resulted have low solubility in water and in 
common organic solvents and are well soluble in DMSO. The 
analytical data are in a good agreement with the proposed 
stoichiometry of the synthesized complexes. 

3. Instruments 

The elemental analyses of %C, %H and %N contents were 
performed by the microanalysis unit using a Perkin Elmer CHN 
2400. The metal ions content has been determined using 
inductively coupled plasma mass spectrometry (ICP-MS). The 
molar conductivity of freshly prepared 10-3 mol/cm3 
dimethylsulfoxide (DMSO) solution was measured for the 
dissolved complexes using Jenway 4010 conductivity meter. The 
electronic spectra were measured on UV-3101 PC, Shimadzu, 
UV–Vis Spectrophotometer. The infrared spectra with KBr discs 
were recorded on a Bruker FT-IR Spectrophotometer (4000–400 
cm-1). 1H-NMR spectra were scanned using a Varian Gemini 200 

MHz Spectrometer. The solvent used was DMSO. The thermal 
study TG/DTG–50H was carried out on a Shimadzu 
thermogravimetric analyzer under nitrogen atmosphere till 800 oC. 
The transmission electron microscopy images were performed 
using JEOL 100s microscopy.  

4. Antimicrobial effects 

Antimicrobial activity of the tested samples was determined 
using a modified Kirby-Bauer disc diffusion method.21 Briefly, 
100 µL of the test bacteria/fungi were grown in 10 mL of fresh 
media until they reached a count of approximately 107 cells/ml for 
bacteria or 105 cells/ml for fungi.22 100 µL of microbial suspension 
was spread onto agar plates corresponding to the broth in which 
they were maintained. Isolated colonies of each organism that 
might be playing a pathogenic role should be selected from 
primary agar plates and tested for susceptibility by disc diffusion 
method.23,24 Of the many media available, NCCLS recommends 
Mueller-Hinton agar due to: it results in good batch-to-batch 
reproducibility. Disc diffusion method for filamentous fungi 
tested by using approved standard method (M38-A) developed for 
evaluating the susceptibilities of filamentous fungi to antifungal 
agents.25 Plates inoculated with filamentous fungi as Aspergillus 
flavus at 25oC for 48 hours; Gram (+) bacteria as B. subtilis; Gram 
(-) bacteria as Escherichia coli were incubated at 35-37oC for 24-
48 hours, then the diameters of the inhibition zones were 
measured in millimeters.21 The biological activity of Mg2+, Sr2+, 
Ca2+ and Ba2+ complexes of indo drugs were tested against 
bacteria and fungi. In testing the antibacterial activity of these 
complexes, we used more than one test organism. The organisms 
used in the present investigation included two bacteria B. subtilis 
(Gram +ve), E. coli (Gram –ve) and two fungi Aspergillus niger 
and Aspergillus flavus. The results of the bactericidal screening 
and fungicidal of the synthesized complexes were collected. 

CONCLUSION 

In summary, four mononuclear M(II) complexes, 
[M(L)2(H2O)4] (M= Mg(II), Ca(II), Sr(II) and Ca(II)) 
were synthesized and characterized by elemental 
analysis, FTIR,1HNMR and electronic spectra, 
TG/DTG, molar conductivity and elemental 
measurements. The Indo drug acts to M(II) as 
monodentate donor. The thermal stability of 
synthesized complexes was investigated based on the 
TG/DTG and calculated thermodynamic parameters. 
Morphological surfaces of Indo complexes located 
within the nanoscale range. The results of the 
biological evaluation revealed the antimicrobial 
efficiency against G(+) and G(-) bacteria as well as 
two fungal species (Aspergillus niger and Aspergillus 
flavus).  
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