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S.1. Characterization of Catalysts 

The crystalline structures of Fe3O4 nanoparticles were confirmed by X-ray diffraction analysis 

(XRD) patterns (Figure S1). The crystal structure of Fe3O4 nanoparticles was corroborated by 

the presence of diffraction peaks at 2θ = 30.45o, 35.7o, 45.46o, 53.82o, 57.37o, 62.9o, 70o and 

75o, which can be assigned to the (220), (311), (400), (422), (511), (440), (620) and (533) 

crystal planes of face-centered cubic Fe3O4 (Guo et al., 2012).  

 

Fourier-transform infrared spectroscopy (FTIR) spectra of Fe3O4 nanoparticles are shown in 

Figure S2. The broad peak between 600 and 579 cm-1 corresponds to the vibration of MT-O-

MO for Fe3O4, where MT and MO denote the metal occupying tetrahedral and octahedral 

positions, respectively (Karaagac et al., 2010).  
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Figure S1. XRD patterns of Fe3O4 nanoparticles. 

 
 

 
Figure S2. FTIR spectra of mesoporous Fe3O4. 

 

The N2 adsorption–desorption isotherms and the Barrett–Joyner–Halenda (BJH) plot for Fe3O4 

are given in Figure S3. The data obtained using Brunauer–Emmett–Teller (BET), BJH and t-

plot models are summarized in Table S1. Accordingly, the total specific surface area 

measurements for Fe3O4, obtained with the BET model and the t-plot, are in good agreement 

with each other. The closeness of the calculated data can be used to confirm the accuracy of 

specific surface area measurements (Ghadamnan et al., 2019). In Figure S3a, a hysteresis loop 

appeared in the Fe3O4 nanoparticles, indicating that the synthesized nanoparticles have a 

mesoporous structure. Figure S3b and the data calculated from the BJH model (Vm = 0.092 

cm3/g and am = 60.5 m2/g) in Table S1 also confirm this claim. The mesoporous structure of 
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Fe3O4 nanoparticles can be attributed to the space between the condensed nanoparticles due to 

their strong magnetic interactions (Vinodha et al., 2019). This mesoporous structure is 

favorable for ozone mass transfer and AR88 adsorption on the catalyst surface, which in turn 

increases the degradation rate of AR88. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure S3. (a) N2 adsorption–desorption isotherms and (b) BJH plot for Fe3O4 nanoparticles. 

 
 Table S1. Porosity data obtained from BET, BJH and t-plot for mesoporous Fe3O4 

nanoparticles. 
 

 Specification Fe3O4 

BET 

Total specific surface area (SBET, m2g-1) 90.0 

Total pore volume (Vp, cm3g-1) 0.110 

Mean pore diameter (nm) 4.8 

t-Plot Total specific surface area (a1, m2g-1) 91.7 

External specific surface area (a2, m2g-1) 20.59 

Micropore area (a1- a2, m2g-1) 71.15 

Micropore volume (Vp, cm3g-1) 0.062 

BJH Mesopore volume (Vpm, cm3g-1) 0.092 

Mesopore area (amp, m2g-1) 60.5 

Mesopore distribution peak (rp, nm) 1.2 
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Figure S4 illustrates the field emission scanning electron microscopy (FESEM) image of 

Fe3O4 and its corresponding energy-dispersive X-ray spectroscopy (EDS) spectrum. The 

FESEM image of Fe3O4 nanoparticles indicates that the particles are often spherical; although 

they are in nanoscale, they are visible in some regions of aggregation. The histogram of the 

nanoparticle diameter distribution is shown as an inset in Figure S4(a). The prepared 

nanoparticles have a diameter range of 10-50 nm and an average diameter of 28 nm.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure S4. FESEM image (a) and EDS spectrum (b) of Fe3O4 nanoparticles. 
 
 

A comparison of the degradation efficiency with that of other processes reported in the 

literature is shown in Table S2. Although high %DE has been reported in these processes, the 

initial concentration of AR88 is lower than the value tested in this study. In addition, the time 

required to reach these high levels of %DE is much higher than that elapsed in the present 

study. 
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Table S2. Comparison of the degradation efficiency (DE%) of AR88 by COP with that of 

other processes in the literature. 

Process Initial concentration 
(ppm) 

Reaction time 
(h) 

DE% Reference 

Biological 100 12  98 (Khehra et al., 
2006) 

Photocatalyst 20 0.5 94 (Bahram et al., 
2017) 

Adsorption–
Photocatalyst 

40 5  100 (Gao et al., 2011) 

COP 
(O3/Fe3O4) 

150 0.5 71.1 This work 
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