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Abstract： 

   Fusiform-like maghemite particles were prepared through a distinct two-step 

transformation from Fe(II) to γ-FeOOH and then to γ-Fe2O3 by precipitation and 

calcination respectively. The structure and property of as-prepared sample were 

characterized by XRD, SEM, XPS, UV–vis and FTIR. The degradation of Acid Blue 74 

by γ-Fe2O3 was investigated under visible light irradiation. 
1
H NMR, TOC, UV–VIS, 

direct infusion-ESI-(-)MS and FTIR spectroscopic techniques provide an insight into the 

nature of the degradation products. A more complete degradation mechanism of Acid 

Blue 74 on γ-Fe2O3 was presented. The results indicate the total degradation rate is close 

to 100% for a 100 mg/L Acid Blue 74 solution. Among them, about 60% was completely 

mineralized and the other 40% was degraded to aliphatic acids. The magnetic γ-Fe2O3 

could be conveniently recovered by applying a magnet and recycled. The γ-Fe2O3 retained 

100% degradation capacity for Acid Blue 74 after 6 cycles.  

 

Keywords: maghemite; degradation mechanism; acid blue 74; regeneration 
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1. Introduction 

In recent decades, various environmental challenges have been mitigated due to a 

boom in nanotechnologies and nanomaterials development. Some nano-sized metal 

oxides such as TiO2, ZnO, CdO and various iron oxides etc. have been reported to be 

shown promising performance in pollutant removal or toxicity mitigation.
1-3

 Among them, 

TiO2 and iron oxides are two excellent examples. TiO2 is widely studied due to its 

excellent optical and electronic properties, low cost, and photochemical stability. However, 

TiO2 can only be excited by UV light (λ< 380nm) because of its wide band gap (Eg=3.2 

eV).
4
 To overcome this disadvantage, the modification of TiO2 including nonmetal/metal 

doping, coupling with other semiconductor, etc. has been attempted.
5-10

 However, little 

progress has been made in industrial application because the photocatalytic activity of 

modified TiO2 is still very low under visible light radiation.
11

 Various iron oxides are 

used in the remediation of wastewater due to the efficient and economical photo-Fenton 

reaction system.
12

 Nonetheless, as for small sized nanoparticles, how to effectively 

separate the used photocatalysts restricts the industrial application of these materials.
13,14 

For example, centrifugation and filtration always lead to serious catalyst loss as well as 

high energy consumption. In this context, magnetic nanoparticles, mainly nano 

zero-valent iron (nZVI), magnetite (Fe3O4) and maghemite (γ-Fe2O3) nanoparticles, have 

sparked an immense interest in research for treatment of polluted water.
15-18 

Heavy metals 

such as arsenic and chromium, and organic pollutants like chlorinated solvents, can be 

immobilized or reduced to less toxic species by nZVI.
1 

A number of studies have also 

shown the application of Fe3O4 and γ-Fe2O3 nanoparticles on heavy metals and organic 

pollutants removal from contaminated water.
19,20

 Asuha et al
21

 prepared the mesoporous 

maghemite by the thermal decomposition of [Fe(CON2H4)6](NO3)3 with the aid of 

cetyltrimethyl ammonium bromide (CTAB), and it showed a great adsorption ability for 

methyl orange (MO) from wastewater. Li et al
22

 synthesized magnetic γ-Fe2O3 

nanoparticle by a co-precipitation method and found that the γ-Fe2O3 showed excellent 

adsorption capacity for both arsenite and arsenate. The magnetism of these materials is a 

very useful property for wastewater treatment systems. Separation of magnetic 

nanoparticles from solution with a low-gradient magnetic field or a hand-held magnet has 

been reported.
23,24

 Li et al
22 

found the saturated magnetic γ-Fe2O3 nanoparticles could be 
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recovered by applying a magnetic field of strength greater than 0.35 T. Arsenic compounds 

were eluted from the magnetic adsorbent following treatment with 1M NaOH, leading to 

regeneration of the magnetic γ-Fe2O3 nanoparticles and the nanoparticles retained over 

40% of their initial adsorption capacity for arsenic compounds after 6 cycles. Though 

γ-Fe2O3 nanoparticles have shown a high reactivity in treatment of polluted water, the 

application of γ-Fe2O3 nanoparticles usually focuses on its adsorption for heavy metals 

and organic pollutants, few work evaluates its photocatalytic degradation ability as well 

as the degradation mechanism of organic pollutants.
25-27

  

In this work, fusiform-like γ-Fe2O3 particles were prepared by a distinct two-step 

transformation. The catalytic activity of γ-Fe2O3 was studied by using Acid Blue 74 (AB 

74) as a model pollutant, and the degradation products were checked by 
1
H NMR, FTIR 

and direct infusion-ESI-(-)MS. The possible degradation mechanism of AB 74 and the 

recovery and regeneration of γ-Fe2O3 were investigated. 

2. Experimental 

2.1. Materials 

The ferric sulfate (FeSO4·7H2O) and ethylene diamine tetraacetic acid (EDTA) and 

ammonium hydroxide (NH4OH) were analytical grade, and used without further 

purification. 5,5'-Indigotindisulfonic acid disodium salt (C16H8N2Na2O8S2) named 

commercially Acid Blue 74 (AB 74) was purchased from J&K. The structure of AB 74 is 

shown in Fig. S1. 

 

Fig. S1. 

2.2. Synthesis  

Precursor γ-FeOOH was firstly synthesized according to the following procedures.
28

 

10 mL of EDTA (0.015 mol/L) and 110 mL of FeSO4 (0.3 mol/L) were mixed in a 250 mL 

flask. 8 mL concentrated NH4OH solution was used to adjust the pH to 8.6 and the total 

volume of the solution was adjusted to 150 mL with distilled water. Air was then passed at 

a rate of 0.272 m
3
/h through the pump. The change in pH during oxidation was monitored 

using a digital pH meter. When the pH of the system reaches 4.3, the preparation reaction 

of γ-FeOOH was completed. The precipitate was collected by filtrating and was washed. 

The above process was carried out under vigorous stirring at room temperature. The 
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powder was dried at about 50 °C for 24 h. Based on the transformation temperature 

obtained by TG-DSC (258.16 °C), the γ-FeOOH powder was heated at 260 °C for 2 h to 

prepare γ-Fe2O3. 

2.3. Characterization 

X-ray diffraction (XRD) measurement was carried out at room temperature using a 

D8ADVANCE diffractometer with CuKα radiation (λ=0.15418 nm). Scanning electron 

microscopy (SEM) images were taken with an S-4800 scanning electron microscope 

(Japan Hitachi LTD). X-ray photoelectron spectroscopy (XPS) data were acquired by 

using a PHI-5000 Versa Probe. Fourier transform infrared spectra (FTIR) of the samples 

were recorded with FTIR-8900 spectrometer (Japan Hitachi LTD) at room temperature. 

UV-vis diffuse reflectance spectra of the as-obtained samples were recorded by using a 

U-3010 UV-vis spectrophotometer(Japan Hitachi LTD).
1
H NMR spectra were recorded 

on a AV Ⅲ-300 BRUKER spectrometer. The electrospray ionization mass spectrometry 

(ESI) were obtained with a AB SCIEX 3200Q-TRAP mass analyzer at a typical ESI 

conditions. Total organic carbon (TOC) was analyzed with a lquiTOCⅡanalyzer 

(Elementar Analytik, Germany). 

2.4. photocatalytic degradation experiments  

All experiments were conducted in a 250 mL photoreactor. The temperature inside 

the reactor was kept constant (20 °C) by circulating water within the jacket surrounding the 

reactor. The visible-light irradiation was provided by a 10 W lamp (λ > 400 nm, Fhilips, 

China). The distance between the light source and the solution is 60 cm. 

Photocatalytic degradation of AB 74 was carried out in a cylindrical water-jacketed 

glass reactor using a constant solution volume of 150 mL. The initial concentration of AB 

74 is 100 mg/L and the initial pH is 4. The dosage of catalyst is 0.6 g/L. The temperature 

of the solution was maintained constant at 20 °C with circulating water. During irradiation, 

the solution was stirred in a constant rate. The concentrations of AB 74 in the solution 

before and during the degradation were determined using a UV–vis spectrophotometer at 

610 nm. For studying the effect of pH on dye degradation, the pH of the dye solution was 

adjusted by adding dilute H2SO4 or NaOH solutions.  

2.5 H2O2 decomposition experiments  

Evaluation of catalytic activity of γ-Fe2O3 in the decomposition of hydrogen peroxide 
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was carried out according to the method described in Ref.[29]. Briefly, the experiments 

were conducted in a batch reactor using a constant solution volume of 250 mL that was 

stirred at a speed to provide complete mixing for uniform distribution and full suspension 

of γ-Fe2O3 particles. 0.15 g of γ-Fe2O3 was respectively added into the systems. The pH 

was adjusted by using NaOH or H2SO4 solutions. The samples taken at one hour intervals 

were filtered to separate the iron oxide particles from the solution. The concentration of 

H2O2 in filtrate was measured according to the permanganate titration method that has a 

detection limit of 1×10
-4

 M of H2O2.
29

 

3. Results and discussion 

3.1. Characterization of samples 

To determine the transformation temperature of γ-FeOOH, the TG-DSC curves are 

shown in Fig. 1. As can be seen in Fig. 1a, γ-FeOOH has two weight loss steps from 0 to 

450 °C. The drop of 4.9 % below 100 °C results from the removal of absorbed water, and 

the second one of 9.9 % from 100 to 450 °C is assigned to the transformation from 

γ-FeOOH to γ-Fe2O3, which is corresponding to the phase inversion temperature 

(258.16 °C ) of γ-FeOOH. Based on the data in Fig. 1a, γ-FeOOH was annealed at 260, 

320 and 400 °C, respectively. The XRD patterns (Fig. S2) indicate that the three samples 

are pure phase γ-FeOOH. Figs. 1b and 1c present the XRD and XPS patterns of the 

precursor γ-FeOOH and its transformation product annealed at 260 °C. The diffraction 

peaks of γ-FeOOH could be well indexed to JCPDS card No. 00-074-1877. In the XRD 

pattern of the transformation product of γ-FeOOH, six diffraction peaks appeared at 2θ 

30.30, 35.68, 43.40, 54.20, 57.32 and 62.96°, correspond to γ-Fe2O3 (JCPDS Card No. 

00-039-1346). No other peaks were observed, indicating that γ-FeOOH had been 

completely converted into γ-Fe2O3. In Fig. 2c, the electron-binding energy of Fe2p 3/2 

and Fe2p 1/2 are, respectively, 711.2 and 725.0 eV for γ-FeOOH and 710.8 and 724.4 eV 

for γ-Fe2O3, with a split of 13.8 and 13.6 eV between the two peaks, which is identical to 

the reported results.
30,31

 In the corresponding IR spectra shown in Fig. S3, the bands at 

1022 and 748 cm
-1

 are characteristic peaks of γ-FeOOH, while the two bands disappear in 

the sample of γ-Fe2O3. The bands at 556 and 444 cm
-1

 are attributed to the Fe–O 

stretching of γ-Fe2O3.
32

 The results above also indicate that γ-FeOOH has converted to 

γ-Fe2O3. The broad band at ~3436 cm
-1

 is ascribed to OH stretching vibrations, and bands 
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at ~1644 cm
-1

 can be ascribed to the OH bending vibrations. Theoretically, there is no 

–OH groups in maghemite structure. However, some defects such as Fe
3+

 cation vacancy 

sites easily formed in the process of crystal growth, especially near the surface of crystal 

particles. One vacant Fe
3+ 

cation site is charge compensated by the presence of three 

protons, forming hydroxyls with the O atoms surrounding the vacant cation site. 

Experimental evidence suggests that these excess –OH groups on vacant cation sites in 

maghemite can be identified by characteristic FTIR modes.
33 

 

Fig. 1.  

 

Fig. 2.  

 

Fig. 2 shows the SEM images of lepidocrocite (a) and maghemite (b). As can be seen 

in Fig. 2, both lepidocrocite and maghemite composed of many uniform fusiform-like 

particles with diameters of about 500 nm and length of about 0.8 µm. Lepidocrocite and 

maghemite are similar in morphology and crystallite size.  

 

Fig.3.  

The magnetic properties of the synthesized γ-Fe2O3 were studied by using a Physical 

Properties Measurement System at room temperature. From the magnetization curves 

shown in Fig. 3, it was known that the saturation magnetization (Ms) and coercivity (Hc) 

of the sample are 36.8 emu/g and 90.8 Oe, respectively, suggesting that as-prepared 

γ-Fe2O3 is ferromagnetic at room temperature. This is useful for water and wastewater 

treatment systems. It is expected that magnetic separation could be a more cost effective 

and convenient method for separating such tiny particles than sophisticated membrane 

filtration.  

Fig. 4a shows the UV-vis spectra of sample γ-Fe2O3. These powders have an obvious 

absorption edge at about 618 nm in the visible light region. The band gap energy Eg of the 

sample can be more accurate calculated by using equation (1): 

                          ahν= A(hν - Eg)
n/2

            (1) 

where a, h, ν, A, and Eg are the absorption coefficient, Planck constant, light frequency, a 
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constant, and band gap, respectively. Thereinto, n depends on the characteristics of the 

transition in a semiconductor, which is either 1 for direct interband transition or 4 for 

indirect inter-band transition.
11

 For γ-Fe2O3, the value of n is 1 for the direct transition. Fig. 

4b shows the (ahν)
2
 vs photon energy hν curve for the γ-Fe2O3. The Eg values of 

as-synthesized γ-Fe2O3 sample is estimated to be 2.0 eV from the (ahν)
2
 - hν plots, which 

is consistent with the red color observed for γ-Fe2O3 powders.  

 

Fig. 4  

3.2. Selection of conditions for photocatalytic degradation of AB 74 on γ-Fe2O3 

Prior to the photocatalytic reaction, the suspension was stirred in the dark. The 

adsorption capacity of AB 74 on γ-Fe2O3 (obtained at 260 °C) changes with time was 

determined (Fig. S4). The result shows that AB 74 needs about 40 min to establish an 

adsorption/desorption equilibrium. The maximum adsorption capacity is ca. 54.54 mg/g. 

To investigate the catalytic action of γ-Fe2O3 on the degradation of AB 74, five control 

experiments were designed. The first one was a blank experiment without γ-Fe2O3 under 

visible light (Fig. 5a). The result shows that the concentration of AB 74 didn’t change 

with time, suggest AB 74 in solution is stable during the study period (9 h). In the second 

control experiment, 0.6 g/L of γ-Fe2O3 was added into the reaction system. The result 

shows that the concentration of AB 74 didn’t change with time (Fig. 5b). In the third 

control experiment, 0.01 mol/L H2O2 was added into the reaction system based on the 

first control experiment. No obvious degradation of AB 74 was observed over 9 h of 

irradiation, which meant that the combination of visible light and H2O2 was ineffective 

(Fig. 5c). In the fourth control experiment, 0.6 g/L of γ-Fe2O3 and 0.01 mol/L of H2O2 

were added into the reaction system and the reaction was conducted in the dark. It was 

found that about 80% of AB 74 was degraded (Fig. 5d). In the fifth control experiment, 

when γ-Fe2O3, H2O2 and irradiation of visible light were introduced into the reaction 

system, about 95% of AB 74 was degraded (Fig. 5e). These results indicate that, on the 

one hand, the coexistence of γ-Fe2O3 and H2O2 could accelerate obviously the 

degradation of AB 74 and on the other hand, the combination of γ-Fe2O3, H2O2 and 

visible light provide the most effective conditions for the degradation of AB 74. The 

result in Fig. 4 indicates that the Eg values of γ-Fe2O3 sample is about 2.0 eV, suggesting 

Page 8 of 24RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 9

that it is favorable for γ-Fe2O3 adsorbing visible light. Therefore, this reaction system was 

chosen for investigation in the present paper. It was reported that iron oxides can catalyze 

the decomposition of hydrogen peroxide to produce hydroxyl radicals (·OH), which can 

oxidize most of organic substances, owing to their high oxidation potential (E
0
 = 

2.80V).
34

 The current results indicate that the visible light irradiation further accelerates 

this process. A little Eg value (2.0 eV) for γ-Fe2O3 is favorable for its absorption for the 

visible light.  

 

Fig. 5.  

Subsequently, the degradation of AB 74 was studied using the three γ-Fe2O3 samples 

obtained at different temperatures as catalysts. It was found that there is no obvious 

difference between them (Fig. S5). Therefore, the γ-Fe2O3 prepared at 260 °C was 

selected as candidate in the subsequent experiments.  

Moreover, the degradation of AB 74 with initial concentration varying from 60 to 120 

mg/L was investigated. The pH of the reaction system was adjusted to 4.0. The changes of 

degradation capacity of AB 74 with time under different initial concentrations are shown 

in Fig. S6. As can be seen in Fig. S6, γ-Fe2O3 exhibits the excellent catalytic degradation 

ability. When the initial concentration of AB 74 is 60 mg/L, 100% of dye was degraded 

within 3 h. With increasing the concentration of dye, the time completed degradation 

prolonged. When the initial concentrations of AB 74 are 100 and 120 mg/L, the degraded 

capacity of AB 74 reached about 98 and 112 mg/L, respectively. The initial concentration 

of AB 74 in the following reaction system was selected as 100 mg/L.  

Actually, the catalyst dosage has a certain influence on the photocatalytic 

degradation of dye.
35,36

 Fig. 6 presents the degradation rate of AB 74 at different catalyst 

dosage with time. The initial reaction rates were found to increase with an increase in the 

amount of catalyst, reached the higher value (0.80 g/L of the catalyst). The increase of 

initial reaction rates may probably be due to: (i) increase in the adsorption capacity of dye 

molecules on γ-Fe2O3 surface; (ii) increase in the number of surface active sites of 

γ-Fe2O3; (iii) increase in the decomposition rate of H2O2.
 
However, when the catalyst 

dosage increases from 0.60 to 0.80 g/L, only a little increase of reaction rate was detected 

which may be attributed to (i) the agglomeration of γ-Fe2O3 particles at higher loading 
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which covers the part of photosensitive area retarding both photon and dye absorption; (ii) 

turbidity at higher γ-Fe2O3 loading results in the shadowing effect thus decreasing the 

penetration depth of light irradiation; (iii) high degree of scattering by γ-Fe2O3.
37

 Based 

on the results above, the catalyst dosage in the current system was selected as 0.60 g/L .  

 

 Fig. 6. 

3.3 Effect of pH on the degradation of AB 74  

The changes of the degradation rate with time at different pHs for AB 74 solution of 

100 mg/L were determined and the results are shown in Fig. 7. The degradation rate of 

AB 74 was strongly pH dependent. The degradation rates of AB 74 decreased from pH 3 

to 7 and increased slightly in the pH range of 7–10. However, a higher degradation rate is 

observed at pH 11. A similar result has been reported by Houria et al.
37

 We speculate that 

there are two factors to influence the degradation rate of AB 74. One is the catalytic 

decomposition rate of H2O2 and the other is the adsorption capacity of AB 74, both of 

which vary with pHs. For this reason, the adsorption capacity of AB 74 on γ-Fe2O3, the 

catalytic decomposition rates of H2O2 at different pHs and the point of zero charge pzc of 

γ-Fe2O3 were determined and the results are also shown in Fig. 7. As can be seen in Fig. 

7b, the adsorption capacity of AB 74 decreases with increasing pH. From Fig. S1, it was 

known that AB 74 has a sulphuric group in its structure, suggesting that AB 74 molecular 

usually exists in solution in the form of anions. Fig. 7c indicates that the pzc of γ-Fe2O3 is 

about 6.3. Thus, when pH < pHpzc, the surface of γ-Fe2O3 is positively charged, which is 

favorable for the adsorption of AB 74. It was noted that both the adsorption capacity of 

AB 74 and the decomposition rate of H2O2 at pH 4 are larger than those at pH 7. The two 

factors result in a higher degradation rate of AB 74 at pH 4. However, Fig. 7b indicates 

that the adsorption capacity of AB 74 is little at pH 11, while its degradation rate is 

closed to 100% (Fig. 7a). To understand this result, we also determined the 

decomposition rate of H2O2 at different pHs only under visible light irradiation without 

γ-Fe2O3. Fig. 7d reveals that H2O2 can be decomposed only under visible light irradiation 

at pH 11 while the similar phenomenon wasn’t observed both at pH 4 and 7. The 

conjugate base of H2O2 increases at alkaline pH and HO2
-
 has a higher cross-section, 

which favors the absorption of light and should normally increase the •OH (Eqs. 
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(2)–(4))
38,39

 

H2O2 → HO2
—

 + H
+
                 (2) 

HO2
—

+ H
+
 + hν → 2 •OH             (3) 

•OH + RH → R• + H2O               (4) 

In addition, the catalytic decomposition rate of H2O2 by γ-Fe2O3 at pH 11 is also larger 

than that at other pHs (Fig. 7d). Thus, the total decomposition rate of H2O2 is the largest 

among the three systems (pH= 4, 7 and 11). Though the adsorption capacity of AB 74 

isn't large at pH 11, a rapid decomposition of H2O2 results in more production of •OH and 

then a high degradation rate of AB 74.  

 

Fig. 7.  

3.4. Degradation mechanism of AB 74 

To further reveal the degradation mechanism of AB 74 on γ-Fe2O3, the by-products 

formed after the degradation of AB 74 are monitored by different techniques. The digital 

photos and UV-Vis spectra during the degradation process of AB 74 are displayed in Fig. 

8. Before degradation, the color of AB 74 is dark blue (Fig. 8). At this time, AB 74 shows 

that the maximum absorption band is at ~610 and ~298 nm, respectively. With time, the 

color of the system becomes light and the two absorption peaks weakened. For example, 

the system exhibits a light-blue color at 5 h and a light-yellow color at 6 h and completely 

discolors at 10 h. The peak at 610 nm almost disappears after 6 h, while the peak at 298 

nm doesn’t completely disappear, and new absorption bands appear in ultraviolet regions. 

This result implies that the structure of AB 74 has been destroyed due to the powerful 

oxidation ability of γ-Fe2O3/H2O2/visible light. According to the data obtained at 610 nm, 

the degradation rate reaches to 98.5% at 6 h and 99.3% at 10 h. To evaluate whether AB 

74 simply lost its color or not, a total organic carbon (TOC) analysis was performed. TOC 

values reflect the amount of organics in the solution, and therefore, the changes in TOC 

mirror the degree of degradation of an organic substrate. The result indicated that the 

TOC is reduced by 60% for a 100 mg/L solution of AB 74, suggesting that 40 % of AB 74 

were oxidized to other small molecule products.   

Fig. 8.  

Subsequently, the degradation products were examined by 
1
H NMR spectroscopy. 
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The resulting spectra, presented in Fig. 9a, were recorded after various irradiation times (0, 

6 and 10 hours). For the sample of 0 h, which corresponds to a dark-blue solution, the 

signals situated at 6.6, 7.6 and 7.9 ppm are the fingerprint of AB 74.
40

 For the sample of 6 

h, which corresponds to a yellow solution, disappearance of signals situated at 6.6, 7.6 and 

7.9 ppm, indicates the complete
 
elimination of the original dye. However, AB 74 is

 
not 

fully mineralized, since some peaks between 9 and 7 ppm are still detected. The presence 

of such signals is
 
a proof of a non-destructive modification of the aromatic

 
rings. It is worth 

noting that multiplets at 7.0, 7.7 and
 
7.8 ppm actually correspond to isatinsulfonic acid, 

suggesting that isatinsulfonic acid is the primary stable breakdown product during the
 

oxidation of AB 74. Consequently, the
 
C=C double bond in AB 74 is the most vulnerable 

part of the molecule toward •OH-induced oxidation and AB 74 is converted into 

derivatives which carry deshielded protons (7–9 ppm), i.e. aromatic compounds. In the 
1
H 

NMR spectroscopy of the colorless intermediates (the sample of 10 h), these signals are 

no longer detected indicating that the isatinsulfonic acid was completely consumed. A thin 

singlet detected at 8.2 ppm corresponds to a very deshielded proton. We are inclined to 

consider it to be due to formic acid.
41

 

Electrospray ionization mass spectrometry in the negative ion mode, ESI(-)-MS, was 

used to characterize the by-products formed after the degradation of AB 74. The obtained 

results and the structural formulas of the products are also shown in Fig. 9b and c. In Fig. 

9b, for pure AB 74 (the sample of 0 h), the presence of the anion of m/z 421 was detected 

(the deprotonated form of AB 74). For the sample obtained at 6 h, this anion is no longer 

detected indicating that the dye was completely consumed, while other anions of m/z 226 

the most abundant, 244, and 216 can be observed. Product B, with a nominal mass of 227 

Da, detected in its deprotonated form ([Product B-H]
-
 of m/z 226), is likely to be formed 

via the oxidation of AB 74. This oxidation process essentially comprises the insertion of 

oxygen atoms at the C2 and C2′ of structure A, which probably occurs at the composite 

surface.
42

 The formation of structure B, which does not have a conjugated system 

analogous to A, could well explain the discoloration of the solution, as observed. The 

formation of other products (C and D) from compound B could easily be explained by 

taking into account some simple and logical reaction pathways, as shown in Fig. 9c. Such 

products were detected as [C-H]
-
, of m/z 244, and [D-H]

-
, of m/z 216, as shown in Fig. 9b. 
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In the sample obtained at 10 h in Fig. 9b, the yellow intermediates anion is no longer 

detected indicating that the aromatic yellow intermediates were completely consumed and 

other multiplets relative to aliphatic intermediates are detected after a 10 h irradiation. 

Formic acid (m/z = 46), acetic acid (m/z = 60) and succinic acid (m/z = 118) have 

actually been detected after derivatization. The production of such acids is also 

responsible for the drop of the pH of the solution from 4.0 to 1.5 during the treatment. It 

is noteworthy that the degradation of AB 74 by Fenton-like leads to the formation of the 

same set of products as other processes encountered in the literature,
43,44

 indicating a 

shared mechanism with the same key steps.  

 

Fig. 9.  

FTIR spectra were also used to gain information about the nature of degradation 

products (Fig. S7). The band intensities of the alkene bond (1613 cm
-1

) and the aromatic 

moieties (C=C at 1645, and 1464 cm
-1

) decreased with irradiation time. This is the sign of 

the disappearance of the original pollutant and of its primary benzenic breakdown products. 

Simultaneously, there is a collapse the absorbance in the range 1000–1250 cm
-1

, which 

corresponds to the disappearance of stretching vibrations in sulfonate groups. Moreover, 

after prolonged irradiation to 10 h, the bands due to succinic acid (1685 cm
-1

 ), and to an 

interaction between the C–O stretching and the O–H bending carboxylic acid, probably 

acetic acid (1416 cm
-1

), are apparent.
45

 It is noteworthy that no traces of isatinsulfonic acid 

could be detected by the techniques.  

According the results of 
1
H NMR, UV–VIS, FTIR, TOC and ESI(-)-MS, a more 

complete degradation mechanism can be presented and the results are shown in Fig. 10. 

Firstly, The dye AB 74 was converted to isatinsulfonic acid (structure B in Fig. 9c). This 

oxidation process essentially comprises the insertion of oxygen atoms at the C2 and C2′ 

positions of structure A due to the
 
C=C double bond in AB 74 is the most vulnerable part 

of the molecule toward •OH-induced oxidation. And then, the isatinsulfonic acid was 

oxidized to aliphatic acid like formic acid, acetic acid and succinic acid and carbon 

dioxide and other small molecules. The experiments showed that benzenic compounds 

have been partly transformed into aliphatic acids rather than total carbon dioxide. 

However, this is not a real problem, since the ultimate aliphatic breakdown products are 
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nontoxic and biodegradable.
40 

Therefore, it can be concluded that the γ-Fe2O3/H2O2 

process may be, in the future, a good alternative to physical methods in use to discolor 

textile wastewaters. 

 

Fig. 10.  

3.5. Recovery and regeneration of γ-Fe2O3 

γ-Fe2O3, as a magnetic material, is useful for water and wastewater treatment systems. 

It is expected that magnetic separation could be a more cost effective and convenient 

method for separating such tiny particles than sophisticated membrane filtration. In order 

to investigate the recovery efficiency of the used γ-Fe2O3 in water as a function of the 

magnetic field strength, 0.06 g/L of γ-Fe2O3, which had reacted with AB 74 solution with 

an initial concentration of 100 mg/L, pH 4.0, was separated from wastewater by the 

magnet at 25°C. The used magnetic γ-Fe2O3 nanoparticles were eluted with 0.1 mol/L 

aqueous HCl, 0.1 mol/L aqueous NaOH and H2O, respectively, and then subjected to the 

degradation of AB 74 (100 mg/L) once more. To test the suitability and stability of the 

γ-Fe2O3, it was subjected to successive degradation cycles. The procedure was carried out 

6 times and the results are shown in Fig. S8. It can clearly be seen in Fig. S8, the recovery 

degradation efficiency of the used γ-Fe2O3 were ca.100% after six regeneration in three 

solutions, which suggests that γ-Fe2O3 in this study has good reusability. The results 

nevertheless prove that magnetic γ-Fe2O3 nanoparticles can be used repeatedly in a 

degradation cycle. This is an essential advantage of the magnetic nanoparticles with regard 

to practical applications. 

 

4. Conclusions 

In summary, fusiform-like γ-Fe2O3 particles were successfully prepared through a 

distinct two-step transformation from Fe(II) to γ-FeOOH and then to γ-Fe2O3. The 

γ-Fe2O3 exhibits high photocatalytic activity for the degradation of dye AB 74 under 

visible light irradiation. For a 100 mg/L AB 74 solution, the degradation rate reaches 

99.3%. 60 % of AB 74 was completely mineralized and the other 40% was oxidized to 

small molecule products. Based on the results obtained by 
1
H NMR, TOC, UV-VIS, 

direct infusion-ESI-(-)MS and FTIR spectra, a more complete degradation mechanism of 
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AB 74 on γ-Fe2O3 was presented. The further results indicate that the as-prepared γ-Fe2O3 

could be conveniently recovered by applying a magnet. The γ-Fe2O3 retained 100% 

degradation capacity for AB 74 after six cycles. γ-Fe2O3 catalyst is found to be a viable 

and reusable catalyst for the treatment of dye wastewater.  
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Figure captions 

Fig. 1. TG-DSC curves(a), XRD (b) and Fe2p XPS (c) patterns of as-prepared γ-FeOOH 

and γ-Fe2O3 

 

Fig. 2. SEM images of the as-prepared samples. (a) γ-FeOOH; (b) γ-Fe2O3 

 

Fig. 3. Magnetization curves of γ-Fe2O3 

 

Fig. 4. (a) UV-vis diffuse reflectance spectra and (b) plots of (ahν)
2
 versus photon energy 

hν of the γ-Fe2O3 samples  

 

Fig. 5. Changes of the degradation rate of AB 74 with time under different conditions. 

cAB74 = 100 mg/L, pH=4.0, cH2O2= 0.01 mol/L, The dose of γ-Fe2O3 is 0.6 g/L. 

(a) AB 74+Visible light;  

(b) AB 74+ γ-Fe2O3 + Visible light; 

(c) AB 74+ H2O2 +Visible light; 

(d) AB 74+ H2O2 + γ-Fe2O3;  

(e) AB 74+ H2O2 + γ-Fe2O3 + Visible light 

 

Fig. 6. Changes of the degradation rate of AB 74 at different catalyst dosage with time. 

 

Fig. 7. (a) Changes of the degradation rate of AB 74 at different pHs with time. 

 (b) Changes of the adsorption capacity of AB 74 on γ-Fe2O3 with pH. 

(c) The pHpzc of γ-Fe2O3 

(d) The catalytic decomposition of H2O2 at different pHs.  

 

Fig. 8. Digital photos (a) and UV-vis absorption spectra (b) of the system at different 

times. 

 

Fig. 9. (a) 
1
H NMR spectra of AB 74 before irradiation and after 6 and 10 h treatment 

(solvent: D2O). cAB74=100 mg/L; cH2O2=0.01 mol/L; natural pH; 5 ml treated.  

(b) ESI(-)-MS of AB 74, samples withdrawn at 6 and 10 h. 

(c) The degradation products of AB 74 in aqueous solution  
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Fig. 10. Proposed mechanism for the degradation of AB 74 in the present system  
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Figures 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. TG-DSC curves(a), XRD (b) and Fe2p XPS (c) patterns of as-prepared γ-FeOOH 

and γ-Fe2O3 

 

 

 

 

 

Fig. 2. SEM images of the as-prepared samples (a) γ-FeOOH; (b) γ-Fe2O3 
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    Fig.3. Magnetization curves of γ-Fe2O3 
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Fig. 4 (a) UV-vis diffuse reflectance spectra and (b) plots of (ahν)
2
 versus photon energy hν 

of the γ-Fe2O3 samples 

 

 

 

 

 

 

 

Fig. 5. Changes of the degradation rate of AB 74 with time under different conditions. 

cAB74 = 100 mg/L, pH=4.0, cH2O2= 0.01 mol/L, The dose of γ-Fe2O3 is 0.6 g/L. 

(a) AB 74+Visible light; (b) AB 74+ γ-Fe2O3 + Visible light; (c) AB 74+ H2O2 +Visible 

light; (d) AB 74+ H2O2 + γ-Fe2O3; (e) AB 74+ H2O2 + γ-Fe2O3 + Visible light 

 

 

 

 

 

 

 

  

Fig. 6. Changes of the degradation rate of AB 74 at different catalyst dosage with time. 
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Fig. 7.  (a) Changes of the degradation rate of AB 74 at different pHs with time. 

 (b) Changes of the adsorption capacity of AB 74 on γ-Fe2O3 with pH. 

(c) The pHpzc of γ-Fe2O3 

(d) The catalytic decomposition of H2O2 at different pHs.  

 

 

 

 

 

 

 

 

Fig. 8. Digital photos (a) and UV-vis absorption spectra (b) of the system at different 

times.      
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Fig. 9. (a) 
1
H NMR spectra of AB 74 before irradiation and after 6 and 10 h treatment 

(solvent: D2O). cAB74=100 mg/L; cH2O2=0.01 mol/L; natural pH; 5 ml treated.  

(b) ESI(-)-MS of AB 74, samples withdrawn at 6 and 10 h. 

(c) The degradation products of AB 74 in aqueous solution  

 

 

 

 

 

Fig. 10. Proposed mechanism for the degradation of AB 74 in the present system  
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