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ABSTRACT. Fe(III) complex derived from sodium dodecyl benzene sulfonate (SDBS) has been synthesized and 
characterized using FT-IR, TGA, UV-Vis and VSM analysis. The complex structure was determined and illustrated. 
The study of thermogravimetric, optic and magnetic properties are reported and discussed. The bands in electronic 
spectrum involved a fully allowed transitions characteristic of Charge Transfer absorption from ligand to metal. The 
structural study revealed an octahedral geometry around the iron(III) ion. The complex obtained has the following 
formula [Fe(SDB)3]11H2O , where Fe(III) is linked to three bidentate ligands. This complexation is confirmed by 
layering FT-IR Ligand/Complex spectra. Moreover, the VSM analysis collected at room temperature exhibits 
antiferromagnetic behaviour referred to the anti-alignment of the magnetic moment of Fe3+. 
 
KEY WORDS: Sodium dodecyl benzene sulfonate, Iron(III) complex, Spectral analysis, TGA, Magnetic 
properties 

INTRODUCTION 
 
Water is an essential resource for the sustainability of life on earth. With an increase in the 
population worldwide, the demand for water has escalated in the urban, industrial and agricultural 
domains [1]. Domestic and industrial laundry wastewater is relatively ‘clean’ in comparison to 
other industrial effluents [2]. For over a century, surfactants have been exploited in industrial 
processes such as detergency, lubrication, corrosion, colloid stabilization, and drug-delivery. 
Organic components such as linear alkylbenzene sulfonates (LAS) are the most abundant 
contributing anionic surfactant constituents found in laundry detergents [3-6]. Due to their 
excellent performance and relatively low cost, LAS are at the same time indispensable and widely 
used, but their rate in nature is proportionally too. Even, the ubiquity of surfactants monomers in 
small amount provides their negative impact and spread water pollution. This fact has caught 
attention of the academic community and raised their interest to remove them using different 
methods like: adsorption [7], electrochemical degradation [8], ultrasonic irradiation [9] and 
decomposition by ozonation [10, 11]. According to their charge, surfactants are classified as non-
ionic and ionic (anionic, cationic or zwiterionic). Anionic surfactants constitute about 60% of the 
total surfactant production [12]. Sodium dodecyl benzene sulfonate (SDBS) was used as a typical 
example of anionic surfactants. SDBS is a major constituent of some synthetic detergents with 
billions of kilograms produced and dispersed in the environment annually. It has now reached a 
prominent role in the emerging field of nanotechnology for possible uses in exfoliating graphitic 
materials [13]. Pradhan et al. [14] have developed a highly efficient protocol for the synthesis of 
a library of chromeno[4,3-b]chromene derivative by applying a Lewis acid-surfactant-combined 
catalyst (LASC) [Fe(DS)3]. Moreover, Manabe et al. [15] have performed several useful carbon-
carbon bond-forming reactions in water, using Lewis acid-surfactant-combined catalyst (LASC). 
These LASCs are composed of water-stable Lewis acidic cations such as scandium and anionic 
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surfactants such as dodecyl sulfate and dodecanesulfonate. In this article, we tried a new approach 
to minimize the environmental impact of surfactants, especially in aqueous environments. The 
aim of this work is to trap an anionic surfactant by ferric ions as a stable coordination complex 
and to determine the properties of the isolated complex. 
 

EXPERIMENTAL 
 
All chemicals were obtained from Sigma-Aldrich and used as received. The solvent used was 
distilled water. For solubility test, we used EtOH and toluene with a 99.9% purity. The UV-Vis 
spectra of complex was done using UV-Vis spectrophotometer Specord 210 Plus. A quartz cuvette 
with a 1 cm path length is used. 8 mg/L of the complex was dissolved in EtOH at room 
temperature. The spectral scan covered wavelengths from 190 to 1,100 nm. Infrared spectra of 
ligand and synthesized complex were collected on a FT-IR spectrophotometer Perkin-Elmer 
Frontier, over 500 to 4000 cm-1 range with a resolution of 2 cm-1. Thermogravimetric analysis 
(TGA) was performed with the thermos-analyser Setaram-Labsys under oxygen atmosphere (0-
1,000 °C) for a sample mass of 20.2 x 10-3 g. 
 
Synthesis of complex [Fe(SDB)3]12H2O  
 
The surfactant was dissolved in a minimum volume of solvent at room temperature. The solution 
should stay overnight to evacuate air bubbles. Metal Chloride was dispersed in a minimum of 
distilled water and filtered before use. Metal solution was added slowly to the ligand one, 
maintaining stirring until a precipitate forms according to the method cited in literature [16]. The 
compound was prepared using 5:1 (M = Fe:L = SDBS) molar ratio. After 72 h of stirring, yellow 
precipitate was filtered out and thoroughly washed with distilled water. The isolated complex was 
stored at room temperature in a watch glass under vacuum. 
 
Synthesis conditions and Environment compatibility  
 
The shape of surfactants depends on their concentration and chemical’s structure as well as on 
their environment (temperature, presence of salt, type of solvent and pH variation). To fulfil all 
surfactants sensitivities, we tried to find the optimum environment. We conducted experiments 
on specifics conditions. The following parameters deserve mention. 
 
Effect of solvent  
 
Synthesis was performed in distilled water considering the SDBS’s hydrophilic affinity as well as 
the hygroscopic character of metallic ion Fe3+. We expect the presence of finite amount of water 
explaining the waxy solid obtained.  
 
Effect of temperature (Krafft point)  
 
As indicated earlier, we are interested by surfactants in their hydrated solids state. Knowing that 
TKrafft of SDBS = 27.6 °C [17], we prepared a surfactant solution at a concentration above CMC 
(critical micelle concentration) value and at room temperature (20 °C).  
 
Effect of salt  
 
The reaction between SDBS and FeCl3 forms NaCl salt as a by-product. As reported in the 
literature, the Krafft temperature increased when salt was present in solution [18]. This leads to 
avoid any formation of micelles. 
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Effect of pH  
 
The pH of distilled water was 8, that of SDBS was 10 [19] and the initial pH of FeCl3 was 2. The 
molar ratio was 5:1 (M:L). The complex formation was instantaneous without having to control 
the pH. 

RESULTS AND DISCUSSION 
 
The hydrophobic character of complex may be explained by the formation of a new bond between 
iron and hydrophilic head of ligand. Solubility of iron complex in toluene (lipophilic solvent), 
confirmed this new characteristic. It can be explained by the involved of the charged polar head 
group of SO3

- with other atoms. The obtained complex dissolved in toluene, has a very low 
conductivity. The low molar conductance value of the studied complex indicates a non-
electrolytic nature [20]. To confirm this neutral charge, we elaborate an electrical circuit with a 
current of 25.8 mA that turned to zero mA when the complex is connected. This indicates very 
interesting potential insulation properties. 
 
FT-IR spectrums analysis 
 
FT-IR spectrum of free ligand (Figure 1), shows that the vibration bands of the surfactant can be 
grouped into two categories: those associated with tail’s (dodecyl benzene C12H25C6H4) and those 
with sulfonate groups (SO3

-). 

 
Figure 1. FT-IR spectrum of the SDBS ligand. 
 

The broad band at 3440 cm-1is attributed to the O-H bond stretching, indicating the presence 
of humidity in the ligand. The band at 3132 cm-1 is related to C-H stretching for aromatic. The 
bands at 2924 cm-1 and 2854 cm-1are attributed to vibration of axial deformation of C-H of the 
CH2 group of the surfactant tail.  

The band obtained at 2957 cm-1 is due to the stretching vibration of the C-H of aromatic. FT-
IR wavenumber regions of SDBS and its complex, correlated with the mode of vibration for 
specific functional groups of ASTM (American Standard of Testing Materials) [21]. This was 
considered as guideline to characteristic FT-IR absorption bands of LAS. This comparison 
allowed identifying ligand’s significant groups involved in the complex formation. 

The ligand functions that do not participate to the complexation phenomenon conserved their 
frequencies. On comparing, the infrared spectra of the free ligand and the complex, we observed 
the increase of the band intensity as well as the shift of the S-O band in complex spectrum (Figure 
2). The “overlap” noted on sulfonate group in iron complex spectrum (Figure 3), suggests that the 
ligand is linked to Fe(III) through the oxygen of sulfonate group. 
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Figure 2. FT-IR spectra of Fe(III) SDBS complex. 
 
Table 1. Principals FT-IR bands of SDBS and its complex. 
 

Functional groups 
ν/cm-1 Literature 

SDBS [Fe(SDB)3] SDBS       [Fe(SDB)3] 
O-H stretching  

 

3440   
(Free-OH) 

3177 (Intermolecular 
bonded) 

3280 [22]                - 

Alkyl C-H stretching aromatic 
Stretching C-H of aromatic 

3132 
2957 

- 
2956 

2960                       - 

Asymmetric stretching of–CH(CH2)  
vibration 

2924 2923 2917 [23]                - 

Symmetric stretching of–CH2(CH2) 
vibration 

 

2854 2853 2849 [23]                - 

Aromatic bands  1465 1496 1494 [24]                - 
Aromatic overtones 1600-2000 1600-2000 1667-2000 [24]       - 
C=C stretch aromatic 1400-1600 1400-1600 1475-1600 [24]      - 
Asymmetric sulfonate group 1420-1330 1420-1330 1235-1176 [21]       - 
Symetric sulfonate group 1200-1145 1200-1145 1136 [21]                - 
Alkyl benzene sulfonate 1041 1005 1042 [21]                - 
Alkyl benzene sulfonate 1011 1033 1010 [21]                - 
Para substitution 830 830 833 [21]                 - 

 
Figure 3. Layering FT-IR ligand/complex spectra. 
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The absorption bands in the range of 500 to 600 cm−1 reveal the presence of metal-oxygen 
bonds, which can be assigned to the vibrations of Fe-O and O-Fe-O bonding in the octahedral 
structure as found by Janbutrach et al. [25]. According to Bohara et al. studies [26], the appearance 
of a new band at 579 cm-1 attributed to the vibration of Fe-O bond confirms the complex 
formation. The iron metal Fe3+ is bonded to SDBS by two oxygen atoms. The ligand acts in its 
bidentate form. Principals FT-IR bands of SDBS and its complex are listed in Table 1. 

 
Figure 4. TGA analysis of Fe(III) SDB complex. 

 
Figure 5. Structure of Fe(III) SDB complex. 
 
TGA analysis 
 
This analysis consolidated the coordination of Fe(III) with 3 ligands (SDB). The presence of an 
important amount of H2O (Figure 4), confirms the hygroscopic character of the complex and 
suggests the presence of 10 molecules of H2O. During complexation process, the surfactant 
hydrophilic head was coordinated to the metal. That is why the synthesized complex was 
agglomerated in aqueous phase and turned out to hydrophobic waxy solid. We also detected one 
molecule of H2O liberated around 360 °C probably trapped by the lattice of hydrophobic chains 
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during complexation phenomenon. The iron complex was stable until the temperature of 285 °C. 
The waste masses provided by TGA analysis (Figure 4), allow calculating molecular weight (180 
+ 56.53 + 18.23 + 507.20 + 467.07 = 1229.03 g.mol-1). Finally, we suggest the structure 
[Fe(DBS)3]11H2O (Figure 5) for the isolated complex, with a molecular weight of 1229.03    
g.mol-1. 
 
Electronic spectroscopy   
 
The electronic spectroscopy is an excellent tool to define the charge nature of [Fe(SDB)3] 
complex.  

 
 
 
 
 
 
 
 
 
 

 
Figure 6. UV-Vis-NIR spectrum of Fe (III) SDBS complex. 
 

The bands between 200–300 nm (Figure 6) are assigned to the allowed transitions of charge 
transfer ligand metal (CTLM). This large band centred at 300 nm confirms the presence of an 
octahedral environment around Fe(III). SDBS is a weak ligand, suggesting the following 
electronic structure t2g3eg2. That means that there are many d to d weak transitions in the region 
(400-800 nm). These transitions are not visible in the UV vis spectrum because of the strong 
absorption of allowed charge transfer transitions. 

According to the works of  Schneider et al. [27] , Stephens et al. [28] and Rada et al. [29], the 
appearance of bands in the region 800–1500 nm is characteristic of a distorted-octahedral high 
spin Fe(II) complexes. Indeed, Miessler et al.  [30] have confirmed that for M2+ complexes, we 
must have  Δoct = 7,500 – 12,500 cm-1 or ν = 800–1,350 nm. These observations suggest that 
under irradiations, the ferric ions (Fe3+) were reduced to ferrous (Fe2+). 

 
Vibration sample microscope analysis 
 
The vibrating sample microscope is collected at room temperature for a sample mass of 38.200 
10-3 g. Figure 7 describes the magnetic behavior of the complex measured by VSM at room 
temperature. Referred to the magnetic hysteresis (Figure 7), [Fe(SDB)3] complex exhibits 
antiferromagnetic behaviour due to the anti-alignment of the magnetic moments of the Fe3+ ions. 
This is in good agreement with the results found in literature [30-32]. Hence, iron complexes 
follow magnetic phase transition from paramagnetic to anti-ferromagnetic nature at low 
temperature.  The hysteresis loops indicate the dependence of magnetization M on the applied 
magnetic field H. Magnetic properties of the Fe(III) complex are shown in Table 2. 

The coercivity value (Hc = 85.754 G (6.8243 kA/m)); shown in Table 2; suggests that the 
iron(III) complex has a medium magnetic character. According to Rawlings et al. [33], the 
coercivity value indicates a magnetic character between hard (greater than 10 kA/m) and soft (less 
than 1 kA/m) materials. The saturation magnetization and retentivity are respectively 0.29908 
emu/g and 3.2199 x 10-3 emu/g which are considered as small values. 
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Figure 7. VSM hysteresis loop of [Fe(SDB)3] complex measured at room temperature. 
 
Table 2. Magnetic properties for iron complex. 
 

Properties Fe(SDB)3 
Coercivity 85.754 G 
Magnetization 0.29908 emu/g 
Retentivity 3.2199 10-3 emu/g 

 

CONCLUSION 
 
We have successfully trapped the anionic surfactant SDBS, by complexation with iron(III). The 
synthesized complex was characterized and identified. FT-IR, TGA, UV-Vis and VSM analysis 
are in good agreement. The spectral study shows that 3 SDB ligands were around Fe(III). The 
Fe(III) is coordinated to 6 oxygen atoms, suggesting that SDB acts as a bidentate ligand. While 
UV-Vis spectrum confirms the octahedral coordination and reveals weak d-d transitions. The 
magnetic hysteresis of VSM analysis exhibits an antiferromagnetic behaviour for the iron(III) 
complex. The formula of the synthesized hygroscopic complex is [Fe(SDB)3]11H2O with a 
molecular weight of 1229.03 g.mol-1. According to TGA, the iron complex was stable until 285 
°C. These thermal, optical and magnetic properties offer a large opportunity for a new SDBS 
surfactant uses. 
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