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ABSTRACT

The synthesis and characterization of the Fe(III) complex of sulfathiazole, is presented herein. The compound was prepared by using a conventional precipita-
tion technique, and was characterized by thermogravimetric analysis (TGA), differential thermal (DTA), differential scanning calorimetry (DSC) under oxygen 
atmosphere, chemical analysis, infrared spectroscopy, powder ray-X diffraction (PXRD), and scanning electron microscopy (SEM). The antibacterial activity of 
the complex was screened against S. aureus, showing an appreciable activity, compared with the free ligand. 
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1. INTRODUCTION 

Sulfathiazole (ST) or p-amino-benzenesulfonamide is a synthetic sub-
stance derived from sulfanilamide by replacing one amidic hydrogen by a 
thiazole group1,2. Sulfathiazole was the first effective chemotherapeutic agent 
systematically employed for the prevention and cure of bacterial infections in 
humans3. In addition, the sulfa drugs have been used in food-producing ani-
mals, to promote their growth, and for therapeutic and prophylactic purposes4,5. 
The sulfanilamides carry out their antibacterial action by the competitive inhi-
bition of the enzyme dihydropterase synthetase towards the p-aminobenzoate 
substrate6.

ST is clinically one of the most used drugs. Casanova et al. have reported 
its use in the inhibition of carbonic anhydrase and superoxide dismutase activ-
ity7,8. 

Besides, ST and their metal complexes have many applications, such as 
diuretic, antiglaucoma or antiepileptic drugs, among others,9,10 and in many 
cases, the activity of the complexes is much better than the free ligand11,12.

In the last years, we have synthezised and studied the structural and phys-
icochemical properties of metallic complexes which have interesting applica-
tions, such as their use as precursors to obtain oxides by thermal decomposi-
tion13-16.

In this work, we report the preparation, physicochemical analysis and an-
tibacterial activity of iron(III) sulfathiazole.

The interest for studying the behavior of Fe(III) against sulfathiazole is 
due to the fact that most of the researches relate to divalent ions. Moreover, the 
synthesized sulfa could possibly have topical therapeutic applications8-12,17,18.

2. EXPERIMENTAL

2.1. Synthesis of the iron complex
The preparation of this compound was carried out at room temperature, 

using an ordinary precipitation method19. A 0.1 M solution of iron(III) chloride 
was added dropwise and with stirring to a 0.3 M solution of sodium sulfathia-
zole. An abundant yellow precipitate was obtained, isolated by filtration with 
Whatman Nº 42 filter paper, apropriate for fine crystals, washed with distilled 
water until absence of iron (III) in the filtrate, and dried in an oven at 100 ºC. 
The weight of the solid obtained corresponded to 97 % of the theoretical yield.

Aging of the precipitate: the compound, prepared as described above, was 
left in contact with bidistilled water, at room temperature for 210 days. At cer-
tain time intervals, samples were taken to analyze Fe(III)16,19.

2.2. Chemical analysis and physicochemical properties
Fe(III) was determined using two different techniques whose results were 

compared:  a) A dry chemical technique for measuring reflectance in a Vitros 
Analyzer 250 equipment, and b) the classic technique of o-phenanthroline20. 

To determine sulfathiazole, 0.1 g the precipitate was dissolved in 1 mL 

of concentrated HCl and then diluted with 10 mL of distilled water. ST was 
confirmed through a process of diazotation21,22. To avoid color interference it 
was necessary to mask Fe(III) cation with H3PO4. Density, solubility, specific 
surface area and Kps of the compound were calculated, and the used methodo-
logy was reported in a previous work16,23. 

2.3. Characterization
The thermal decomposition process of the complex was studied by ther-

mogravimetric, differential thermal analysis (TGA/DTA) and differential scan-
ning calorimetry (DSC). TGA and DTA were performed on a Termogravimet-
ric and Differential Thermal Analyzer Shimadzu TGA/DTA-50 at 5 °C / min in 
a gas flow of 20 mL / min. Al2O3 was used as DTA standard. The DSC was per-
formed in a Perkin Elmer Thermal Analysis with a heating rate of 10 °C / min. 

IR spectra were recorded with a FTIR Perkin Elmer 1600 in the transmis-
sion mode from 4000-400 cm-1, using KBr pellets.

The size and morfology of the particles were determinated by scanning 
electron microscopy (SEM) with a JEOL JSM 35 CF.

PXRD pattern was performed in a Rigaku Miniflex Diffractometer with 
CuKa radiation (l=1.5418 Å) between 20-90º in 2q, steps of 0.02º and count-
ing time of 4 s. 

2.4. Bacteriostatic assays
In order to evaluate the bacteriostatic activity, the minimun inhibitory 

concentration (MIC), of iron(III) complex and sodium sulfathiazole salt was 
determined against S. aureus ATCC 25923 (American Type Culture Collec-
tion) and S. aureus obtained from a patient of the private microbiology labora-
tory. It was used the microdilution method following the specifications of the 
National Committee for Clinical Laboratory Standard (NCCLS)24. Briefly: 1 
mL of bacterial suspension in the last phase of growth was inoculated in 1 mL 
of Mueller Hinton Broth containing the compounds in the final concentration 
ranging from 128 to 0.25 µg/mL. The final inoculum was approximately 1x105 
viable bacteria/mL and final volume 2 mL. Inoculated tubes were incubated at 
35 ºC for 24 h. The readings were made visually by turbidity. The MIC was 
defined as the lowest concentration of antimicrobial agent showing complete 
inhibition of growth.

3. RESULTS AND DISCUSSION

3.1. Composition of precipitate. Physicochemical properties 
From the chemical analysis it is determined that the precipitate contains 

91.00 % of sulfathiazole and 8.80 % of Fe(III). The results of the solubility for 
the original and aged precipate were consistent in the used methods. The re-
sults of density, solubility, specific surface area and Kps of the aged and recent 
compound are shown in Table 1, and the values of pKps and ln C for different 
aging times in the Table 2, and Fig. 1. 
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Table 1: Physical and chemical properties of iron(III) sulfathiazole.

Properties Recent Aging

Density (g/mL ) 1.478 1.516

So
lu

bi
lit

y(
g/

L) o-phenanthroline 1.04 x 10-3 1.31 x 10-8

Dry chemical 1.07 x 10-3 1.38 x 10-8

surface area
(m2g-1) 0.2744 0.2132

Kps (mol4/L4) 3.45 x 10-18 9.55 x 10-24

Table 2: Values of pKps and ln C for different aging times.  

Time (days) pKps ln C

3 17.49 -13.88

15 17.89 -14.19

30 18.66 -14.78

40 18.92 -14.99

70 19.87 -15.71

120 21.70 -17.12

150 22.79 -17.96

180 23.00 -18.11

210 23.04 -18.15

Fig. 2: PXRD pattern of iron(III) sulfathiazole refined in the space group 
P2/m

Table 3: Crystal data and structure refinement for Fe(ST)3

Empirical formula C27H24FeN9O6S6

Formula weight 818.789

Wavelength, Å 1.5418

Crystal system Monoclinic

Space group P 2/m

Unit cell dimensions, Å a = 18.70219 (5)

b = 7.48602 (5)

c = 9.73557 (6)

Angle, º a = γ =  90

β = 95.27918 (9)

Volume, Å3 1357.25 (6)

Z 2

Refinement method Le Bail

Program FULLPROF

Parameters discrepancy Rwp = 25.8;  χ2 =1.78

3.3. Thermogravimetric analysis (TGA), differential thermal analysis 
(DTA) and differential scanning calorimetry (DSC)

TGA curve (Fig. 3) shows that the synthesized iron(III) sulfathiazole is an-
hydrous because the weight remains constant up to 250 ºC. The decomposition 
is carried out in three stages with a total weight loss of 98.50 %. At about 440 
°C starts the most significant weight loss and ends at about 600 ºC. The final 
product is iron(III) oxide, which was identified by IR spectroscopy.

DTA curve (Fig.3) shows two endothermic peaks located at 165 ºC and 
198 ºC. The first peak corresponds to a crystallographic phase change, and 
the second to the sample melting. This was confirmed by studies of DSC (Fig. 
4), which indicated that the first transition begins at 162.38 °C and ends at 
170.46 ºC and the second onsets at 198.31 ºC and ends at 202.19 ºC. The crys-
tallographic phase change involves a ∆H = 26.609 J/g and the sample fusion 
involves a ∆H = 111.520 J/g. These findings agree with previous studies on 
polymorphism of sulfonamides28,29. After that, in the DTA there are three exo-
thermic peaks at 247.5 ºC, 455.2 ºC and 477.5 ºC that correspond to the decom-
position of iron(III) sulfathiazole, as shown in the TGA curve.

Fig. 1: pKps as a function of aging time.

3.2. Structure of Fe(ST)3
In the structure of the complex, the central atom is Fe(III) which forms 

d2sp3 hybrid orbitals, allowing us to assign a coordination number six25. These 
coordination sites can be occupied by three bidentate ligands of the sulfathia-
zole anion. The binding of the ligand to the central atom occurs through the ox-
ygen of the sulfonyl group and thiazolic nitrogen, forming six-membered rings 
of the type chelate. The most likely spatial disposition would be octahedral.

From PXRD data using the Le Bail Method and the Fullprof Program 
is determined that the complex crystallizes in the monoclinic crystal system, 
P2/m space group26,27. The results of refinement are shown Fig. 2, and Table 3.
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Fig. 3: TGA and DTA data of iron(III) sulfathiazole. 

Fig. 5: a) IR spectrum of original compound. b) IR spectrum of residue at 
350 ºC and c) IR spectrum of residue at 600 ºC.

3.5. Scanning Electron Microscopy (SEM)
Fig. 6 a and b show the SEM photographs of recent and aged Fe(ST)3 pre-

cipitate, respectively. It is noted that the aging of the compound in the presence 
of the mother liquor leads to the formation of crystals about a hundred times 
larger than the original.

Fig. 4: DSC data of iron(III) sulfathiazole.

3.4 IR spectra
The IR spectrum of the compound (Fig. 5 a) displays the typical bands 

(stretching and deformations) of the thiazole, sulfonyl, amine and benzene 
groups30-32. 

The stretching vibrations in free sulfathiazole, attributed to the SO2 group, 
appear at 1320, 1150 and 560 cm-1. However, when the SO2 group is bound 
to metal through the O atom, the anti-symmetric and symmetric stretchings 
become apparent at 1325 cm-1 and 1140 cm-1, respectively31.

As a result of the deprotonation of the sulfathiazole ligand and its coordi-
nation through the N thiazole atom, significant changes in the bands assigned 
to the thiazole ring at 1540 cm-1 in ST, and at 1531.6 cm-1 in Fe(ST)3, and to the 
S-N stretching at 920 cm-1 in ST, and at 945 cm-1 in the complex, are observed.

In order to isolate the intermediate products and obtain their infrared spec-
tra, the pyrolysis of the compound was performed in furnace. In Figures 5b and 
5c, the spectra of the wastes obtained to 350 ºC and 600 °C, respectively, are 
shown. In the IR spectrum it is confirmed the elimination of thiazole ring at 
350 ºC by the disappearance of the band located at 1531.6 cm-1. Furthermore, 
the presence of the typical bands of the –SO2 group suggests that iron benzene-
sulfonate was formed as an intermediate product (Fig.5 b). We noted that the 
final residue at 600 °C corresponds to reddish brown Fe2O3, which was checked 
against an infrared spectrum of a true sample (Fig. 5 c). From the results of IR 
spectroscopy, the chemical reactions during thermal decomposition could be 
represented as: 

Fig. 6: SEM of iron (III) sulfathiazole: a) recent, b) after aging.
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3.6. Antimicrobial Activity
The bacteriostatic activity of the complex and of the sodium sulfathiazole 

salt was evaluated against S. aureus using the microdilution method. Table 
4 shows minimum inhibitory concentration (MIC) of the drugs for S. aureus 
ATCC 25923 and S. aureus obtained from a patient of the private microbiol-
ogy laboratory. 

MIC values of Fe(ST)3 were lower than the corresponding free ligand in 
the same conditions. The activity of complex was better against the S. aureus 
from the laboratory private patient than against the ATCC 25923 one. Bellú et 
al. have obtained similar results in the determination of the antibacterial activ-
ity of Hg(II) sulfathiazole against E. Coli12.  

Recently, it has been reported the antibacterial activity of benzohydrazone 
derivatives against Escherichia coli, Staphylococcus aureus, and Klebsiella 
pneumonia and the results indicate that the compounds show moderate activi-
ties against the growth of the tested strains33. 

Table 4: Minimum inhibitory concentration (MIC, µg/mL) of the drugs 
for S. aureus ATCC 25923 and S. aureus obtained from a patient of the private 
microbiology laboratory.

Sulfadrug MIC, µg/mL
S.aureus ATCC 25923

MIC, µg/mL
S.aureus from patient

Fe(ST)3 47 15

Sulfathiazole
(sodium salt) >95 >95

4. CONCLUSIONS

The preparation of iron(III) sulfathiazole was carried out at room tempera-
ture using a ordinary precipitation method. 

Through chemical and spectroscopic analysis we found that sulfathiazole 
forms an anhydrous complex with Fe(III) in a 3:1 molar ratio, which is slightly 
soluble in water, according to the Kps values. 

The aging of the synthesized product leads to significant growth of crys-
tals. This explains why the solubility and specific surface area decrease with 
time.

The MIC values indicate that Fe(III) sulfathiazole presents better antibac-
terial activity against S. aureus than the corresponding ligand.  
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