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magnetically separable γ-Fe2O3/Montmorillonite nanocomposite for 
rhodamine B removal 

Is Fatimah a,*, Gani Purwiandono a, Arif Hidayat b, Suresh Sagadevan c, Azlan Kamari d 

a Department of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas Islam Indonesia, Kampus Terpadu UII, Jl. Kaliurang Km 14, Sleman, Yogyakarta, 
Indonesia 
b Department of Chemical Engineering, Faculty of Industrial Technology, Universitas Islam Indonesia, Kampus Terpadu UII, Jl. Kaliurang Km 14, Sleman, Yogyakarta, 
Indonesia 
c Nanotechnology and Catalysis Research Center, University Malaya, Malaysia 
d Chemistry Department, Universiti Pendidikan Sultan Idris Perak, Perak 35900, Malaysia   

A R T I C L E  I N F O   

Keywords: 
Adsorption 
Clay 
Magnetic 
Photocatalytic 

A B S T R A C T   

The magnetically separable nanocomposite of γ-Fe2O3/montmorillonite (γ-Fe2O3/Mt) has been synthesized by a 
hydrothermal method. The as-obtained nanocomposite is composed of a single phase of γ-Fe2O3 nanoparticles 
homogeneously dispersed in a montmorillonite structure with high photocatalytic activity for rhodamine B 
photodegradation. Physicochemical characterization revealed particle sizes ranging from 10 to 30 nm with a 
band-gap energy of 2.3 eV. This study reveals a significant contribution of the adsorption mechanism to the 
degradation mechanism. The nanocomposite could be easily separated and reused by magnetic separation owing 
to its magnetism of 22 emu/g. The nanocomposite is also reusable without any chemical change until five cycles.   

1. Introduction 

Organic compound-containing wastewater is a serious problem in 
many industries that require emerging technology for removal. The 
persistence properties of organic compounds bring potential damage to 
aquatic environments and cause the accumulation of vast environmental 
problems, which must raise concerns before allowing their discharge to 
the environment [1,2]. Organic compounds classified as dyes, especially 
azo dyes, are considered serious and harmful contaminants character-
ized as biologically toxic (carcinogenic, mutagenic, and teratogenic), 
irritants, and infectious. The textile, printing, paint, and pharmaceutical 
industries highly consume these dye compounds; unfortunately, more 
than 15% of the consumed amount is discharged into wastewater [3]. 
Evidently, these dyes are the major pollutants from many industries and 
are clearly major hazards to groundwater. Rhodamine B (RhB) is a sig-
nificant and well-known basic xanthene dye that is a major ingredient in 
the above-mentioned industries. The discharge of RhB-containing 
wastewater is a serious threat to the environment, even at low concen-
trations in water; thus, it is a representative target organic pollutant for 
photocatalytic efficiency examination. 

Heterogeneous photocatalytic oxidation, as part of the advanced 
oxidation process (AOPs), has proven to be a promising technology for 
organic-containing water. Its removal mechanism, which includes 
oxidation, for the target compound is advantageous over the use of 
adsorption technologies [4,5]. The method depends on the photo-
catalytic activity of semiconductor photocatalysts, and its reusability 
and recyclability are value-added characteristics of the technology. 

Adsorption capability, stability, easy separation, and high photo-
activity in the visible range are the significant properties required for 
materials to be used as photocatalysts [6]. Recent studies showed that 
adsorption capability of the photocatalyst is the important function in 
photocatalysis mechanism, and based on this, semiconductor immobi-
lized onto porous material is ideal for the mechanism due to the surface 
area availability [7,8]. The development of nanomaterials with mag-
netic photocatalysts involves a combination of these properties and has 
been described as an efficient method for improving the effectiveness of 
the photocatalytic oxidation process [9–11]. Iron oxide-based magnetic 
nanoparticles are well known magnetically separable materials, and 
their combination with supportive solids with high porosity and chem-
ical stability has received great attention. α-Fe2O3, γ-Fe2O3, and Fe3O4 
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have been widely studied as magnetic active nanoparticles; within this 
scheme, nanocomposite development using silica-, carbon-, and clay- 
based materials has been attempted [12]. The swelling capability and 
modifiable properties of their chemical structures cause clay materials to 
produce homogeneously distributed magnetic nanoparticles. Surface 
properties potentially contribute to this activity via an adsorption 
mechanism [13–15]. In this work, dispersed γ-Fe2O3 nanoparticles in 
montmorillonite (Mt) clay support were prepared. The aim of the pre-
sent work was to determine the characteristics of materials and the 
photocatalytic features for the photocatalytic degradation of RhB in 
aqueous solutions as a model pollutant. In addition, this study provides 
mechanistic insight into adsorption and photocatalytic properties, 
especially with magnetically separable characteristics. 

2. Materials and methods 

2.1. Materials 

The Mt used in this work was obtained from Pacitan, East Java, 
Indonesia. The material was previously washed with water, dried in an 
oven, and ground to a size of 200 mesh before use. The cation exchange 
capacity of the material was 69 meq/g. Chemicals consisting of FeCl3, 
RhB, NaOH, ethylene diamine tetra acetate (EDTA), isopropanol, and 
H2O2 were purchased from Merck (Darmstadt, Germany). 

2.2. Preparation of nanocomposites 

First, dispersed γ-Fe2O3 nanoparticles in Mt (γ-Fe2O3/Mt) was pre-
pared using a Mt suspension, by dissolving Mt powder in water at a 
concentration of 10% wt. An iron oxide precursor was prepared, refer-
ring to the previous syntheses of γ-Fe2O3 nanoparticles (γ-Fe2O3 NPs) by 
dissolving FeCl3⋅6H2O and FeSO4⋅7H2O with a Fe3+/Fe2+ molar ratio of 
2:1 in double distilled water [16]. The precursor solution was continu-
ously stirred before it was mixed with the Mt suspension at a theoretical 
percentage of Fe of 10% wt, followed by stirring for 1 h. Into the 
mixture, the NaOH solution was added slowly and then poured into a 
Teflon-lined autoclave and kept at 150 ◦C overnight. The obtained 
precipitate was dried in an oven at 100 ◦C and further calcined at 200 ◦C 
for 4 h to obtain powder samples, which were designated as γ-Fe2O3/Mt. 

For comparison, γ-Fe2O3 was also synthesized using the same pre-
cursor, hydrothermal treatment condition, and calcination temperature 
with the synthesis of γ-Fe2O3/Mt, but without dispersion into a clay 
suspension. 

2.3. Material characterization 

The physicochemical properties of the samples were characterized 
using field emission-scanning electron microscopy (FE-SEM), trans-
mission electron microscopy (TEM), X-ray diffraction (XRD), X-ray 
photoelectron spectroscopy (XPS), gas sorption analysis, ultraviolet 
diffuse reflectance spectrophotometry (UV-DRS), and Fourier transform 
infrared. A Phenom X instrument (US) was used for SEM analysis, while 
TEM images were taken using a JEOL TEM 2010 transition electron 
microscope operated at an applied voltage of 200 kV. The XRD of 
XPERT-PRO with a Ni-filtered Cu Kα radiation (λ = 0.154060 nm) was 
used for analysis at a range of 2–70◦. The Thermo Nicolet Avatar system 
(Madison, USA) was used to examine the changes in the surface func-
tional groups of the materials, while the XPS was performed on a V.G. 
Scientific ESKALAB MKII instrument. Monochromatic Al Kα radiation 
with a photon energy of 1486.6 ± 0.2 eV was used for analyses. Before 
analysis, approximately 0.2 mg of sample was slightly pressed into a 
small pellet of 15 mm in diameter and then mounted on the sample 
holder for degassing for 4 h to achieve a dynamic vacuum of < 10− 8 Pa. 
A vibration sample magnetometer (VSM)-BHV-5 (Japan) was used for 
the magnetism of the composite. 

2.4. Adsorption and photocatalytic experiments 

The adsorption experiments were conducted in a batch adsorption 
system using a horizontal shaker. The experimental setup for the pho-
tocatalytic activity measurements included a 40-W xenon lamp- 

Fig. 1. XRD pattern of materials.  
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Fig. 2. XPS spectra of γ-Fe2O3 /Mt (a) survey scan (b) Fe 2p spectrum.  
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equipped batch photoreactor. The entire photoreactor system was 
maintained at room temperature using a water cooler. For each photo-
catalytic activity test, the photocatalyst powder was mixed with the dye 
solution with stirring and light exposure. Samples from the adsorption 
and photocatalytic activity tests were collected at a certain time, and the 
RhB concentration was determined using the colorimetric method with a 
U-2010 UV–visible spectrophotometer (Hitachi, Singapore). The 
degradation efficiency (DE; %) in the photocatalytic activity test was 
calculated using Eq. (1). 

DE(%) =
C0 − Ct

C0
x100 (1) 

where Co and Ct are the initial RhB concentration and concentration 
of RhB at the sampling time t. 

To ensure the degradation mechanism, experiments on effect of 
scavenger to the kinetics of RhB degradation was also performed. High 
performance liquid chromatography (HPLC) on Agilent 1260 
(Singapore) was employed for analysis. Analysis was performed on the 
condition: analytical C81 column as stationary phase, mobile phase of 
acetonitrile:phosphate buffer pH 3.5 (1:1), ambient temperature 
(28–32 ◦C), flow rate 1.2 mL/min. 

3. Results and discussion 

3.1. Material characterization 

Physically, γ-Fe2O3/Mt was prepared in the form of black powder 
and easily attracted by the magnet field. Fig. 1 shows the XRD profile of 
the materials. The Mt sample demonstrated peaks associated with the 
structure at 5.59◦, 19.69◦, and 34.67◦, which corresponded to the (001), 
(211), and (004) planes, respectively, referring to JCPDS 43–0688 
[17]. γ-Fe2O3/Mt represents some peaks attributed to (220), (311), 
(400), (422), (511), and (440), which are in agreement with the values 
of the standard data (JCPDS no. 4–755) [18–21]. In addition, the (001) 
and (211) planes are still maintained in the same position, reflecting no 
such increase or decrease in the basal spacing d001 of the interlayer 
structure. The peak associated with quartz as an impurity disappeared. 
By using the Scherer formula for the (311) plane, the particle size of 
γ-Fe2O3 was estimated at approximately 23.6 nm [22]. 

The obtained single phase of γ-Fe2O3 in the composite was mainly 
related to the easy dispersion of Fe(III) ions within the interlayer space 
of Mt due to the cation exchange capacity of Mt. We can also conclude 
that the optimum sintering temperature for producing the γ-Fe2O3 phase 

Fig. 3. SEM-EDX of materials.  
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is 400 ◦C. Meanwhile, other possible phases such as Fe3O4, α-Fe2O3, and 
ε-Fe2O3 can be formed via the following reaction steps [23]:  

Fe3+ + 3OH− ⇔ Fe(OH)3(s)                                                                     

Fe(OH)3(s) + H+ + e− ⇔ Fe3O4(s) + 5H2O                                                

2Fe3O4 + 1 2 O2 − → 3(γ − Fe2O3)                                                          

2Fe3O4 + 1 2 O2 − → 3(α − Fe2O3)                                                         

The surface composition of γ-Fe2O3/Mt was further demonstrated 
using XPS with the spectra presented in Fig. 2. The survey scan repre-
sents some peaks attributed to Si, Al, O, and Fe, indicating the major 
composition of the composite. In addition, the low-intensity peak at 400 

eV is the characteristic peak of Na 1 s, which is consistent with the 
naturally occurring Mt structure. The deconvolution of the Fe 2p spectra 
exhibits two appearing peaks at 723.7 and 710.3 eV, respectively, which 
are attributed to Fe 2p1/2 and Fe 2p3/2, respectively [24–27]. No signal 
or shoulder representing the presence of the Fe2+ ion, which usually 
exists at approximately 708 eV, was observed. This confirmed that the 
addition of the shakeup satellite peak occurred at 719.4 eV when no 
Fe2+ ion was found, consistent with the XRD pattern. 

The effect of the γ-Fe2O3 nanoparticle dispersion on the morphology 
was investigated using FE-SEM. The SEM images in Fig. 3c depict 
different surface patterns in which γ-Fe2O3/Mt shows dispersed irreg-
ular forms of γ-Fe2O3 on the surface (as marked in the yellow dashed 
circles). With higher magnification, the rounded cubic and irregular 

Fig. 4. (a-c) TEM image of γ-Fe2O3 /Mt (d) particle size distribution of γ-Fe2O3 in the composite.  

Fig. 5. (a) UV-DRS, and (b) PL spectrum spectrum of γ-Fe2O3 /Mt.  
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spherical forms are confirmed. Further structural identification using 
TEM and high-resolution (HRTEM) revealed that the particle size ranged 
from 10 to 30 nm (Fig. 4d). These sizes are consistent with the calculated 
particle size from the XRD measurement, which was close to 23.6 nm on 
average. Furthermore, the HRTEM images of the irregular forms 
exhibited the distances of the adjacent lattice fringes, with an average of 
0.21 nm, indicating agreement with the interplanar distance of the 
γ-Fe2O3(311) space, in reference to JCPDS, Ref. Code: 024-081 [25,28]. 

With respect to their photocatalytic application, the optical proper-
ties of the composites were identified using UV-DRS and photo-
luminescence spectrum measurements. The Tauc plot of photon energy 
(hν) against the (αhν)2 curve based on the Kubelka-Munk theory of 
materials is presented in Fig. 5. Conclusively, the plots show that the Eg 
of γ-Fe2O3/Mt is 2.23 eV. This value is higher than the band-gap values 

of γ-Fe2O3 nanoparticles that were reported in previous articles, in 
which the synthesized γ-Fe2O3 expressed a band gap of 2.03 eV [2228]. 
The increasing band-gap energy is related to the smaller particle size due 
to the quantum size effect and/or crystallite defect. A similar phenom-
enon was found in the dispersion of γ-Fe2O3 into porous Ni and in the 
composite of γ-Fe2O3/b-TiO2 [29,30]. The narrow band-gap energy 
extends the photoresponse to visible-light and near-infrared regions, 
which is the benefit of the low-cost photocatalytic system [31,32]. 

Furthermore, the PL spectrum for γ-Fe2O3/Mt ranged from 350 to 
700 nm (Fig. 5b). The excitation peaked at around 426 and 659 nm, and 
the peak at 659 nm was attributed to the 6A1 → 4 T1(4G) ligand field 
transition of Fe3+. The data represent the condition that leads to the 
capability of composites to interact with photons in the UV and visible 
regions [33,34]. 

Fig. 6. a. Adsorption/desorption profile (b) Pore size distribution of γ-Fe2O3 /Mt in comparison with Mt and γ-Fe2O3.  

Fig. 7. (a). Kinetics of RhB adsorption using γ-Fe2O3 /Mt (b). Kinetics of RhB adsorption using Mt (c). Kinetics of RhB adsorption using γ-Fe2O3 (d) Pseudo-second 
order plots of RhB adsorption using γ-Fe2O3 /Mt (e). Freundlich isotherm plots of RhB adsorption using γ-Fe2O3 /Mt and Mt. 
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Fig. 6 shows the adsorption–desorption profile of γ-Fe2O3/Mt in 
comparison with Mt and the compared pore distributions. The plots 
demonstrate the increasing adsorption capability of Mt after modifica-
tion by γ-Fe2O3 dispersion. The calculated parameters based on the 
adsorption/desorption profile provided a specific surface area of 89.9 
m2/g in γ-Fe2O3/Mt, which is higher than that of Mt (79.9 m2/g) and 
γ-Fe2O3 (24.6 m2/g). The specific surface area of γ-Fe2O3 is similarly 
with was reported in other previous works [35,36]. In this case, Mt plays 
a role in supporting a specific surface area and porosity, which theo-
retically influences the adsorption mechanism. Similar phenomenon 
was also occurred in the dispersion of γ-Fe2O3 onto kaolinite [35]. The 
increasing surface area parameter is consistent with the profile in that 
the pore distribution also increased, mainly at the microporous struc-
ture. Based on the pore distribution pattern, which implied no change in 
dominant pores, the average diameters of the pores were not signifi-
cantly different, 11.3 Å in Mt and 11.8 Å in γ-Fe2O3/Mt. 

A similar pattern was reported in a previous work on the dispersion 
of Fe3O4 into Mt and the dispersion of SnO2 nanoparticles [17,37]. The 
increasing specific surface area in the composite generally represents the 
homogeneous distribution of the dispersed materials. 

3.2. Adsorption experiment 

The adsorption experiments of RhB using γ-Fe2O3, γ-Fe2O3/Mt, and 
Mt were performed in a horizontal shaker at room temperature. The 
kinetics of RhB removal using γ-Fe2O3/Mt , Mt, and γ-Fe2O3 are pre-
sented in Fig. 7a-7c. The plots indicate the significant improvement in 
RhB removal by γ-Fe2O3/Mt compared with Mt and γ-Fe2O3. Basically, 
the increasing adsorption was related to the specific surface area 
enlarged by the composite formation. This was confirmed by the lower 

adsorption rate and capacity over γ-Fe2O3. The data showed that the 
kinetics of the adsorption was evaluated in accordance with Lagergren’s 
pseudo-first order, Ho and McKay’s pseudo-second order, and Weber 
and Morris’ intraparticle diffusion models based on Eqs. (2–4). 

ln(qe − qt) = lnqe − kt (2)  

t
qt

=
1

k2q2
e
+

t
qe

(3)  

qt = kit0.5 +C (4) 

where qt (mg/g) is the amount of adsorbed metal ions at time t, qe 
(mg/g) is the adsorption capacity, k (min− 1) is the first-order rate con-
stant, k2 (g/mg min) is the second-order rate constant of adsorption 
(min− 1), and ki (mg.min1/2/g) and C are the kinetic constant and con-
stant of the intra-particle diffusion model, respectively [38,39]. 

The R2 values of the calculated parameters listed in Table 1 show that 
the pseudo-second-order kinetic model is the best fit for adsorption by 
γ-Fe2O3/Mt and γ-Fe2O3. Meanwhile, adsorption by Mt follows the 
pseudo-first-order kinetics. From the Qe data from all adsorbents, it can 
also be seen that adsorption capacity is in following order: γ-Fe2O3/Mt 
> Mt > γ-Fe2O3, suggesting the provided surface active for adsorption by 
Mt as support. A synergistic effect of the increasing adsorption capacity 
is in consistence with the increasing specific surface area. The plots of 
pseudo-second-order from the adsorption using γ-Fe2O3/Mt at varied 
concentrations are presented in Fig. 7d. These data suggest that 
adsorption by γ-Fe2O3/Mt adsorbents is largely controlled by the 
chemisorption mechanism rather than mass transport. This is in contrast 
to the adsorption by Mt, for which the best fit is pseudo-first-order ki-
netics. Moreover, the adsorption capacity was enhanced either by the 
pseudo-first- or pseudo-second-order kinetic model. Based on these ki-
netic parameters, the chemical interaction caused by the γ-Fe2O3 
dispersion in the Mt surface can be described. 

The details of the adsorbate-adsorbent interaction were evaluated by 
determining the adsorption isotherm using the Freundlich and Langmuir 
isotherms. The equations used for the Freundlich and Langmuir models 
were as follows (Eqs. 4 and 5): 

qe = KFC1/n
e (4)  

qe =
qmKLCe

1 + KLCe
(5) 

where qe and qm (mg/g) are the adsorption capacities of the adsor-
bent at the equilibrium and maximum values, respectively; Ce (mg/L) is 
the concentration of the adsorbate in equilibrium; KF and n are the 
Freundlich constants related to the adsorption–desorption equilibrium, 
KL (L/mg) is the Langmuir constant related to the energy of adsorption 
and adsorption intensity [40,41]. 

The RL parameter from the Langmuir isotherm is represented as 
follows (Eq. 6): 

RL =
1

1 + KLqm
(6) 

Table 2 lists the calculated isotherm parameters, and the fittest plot is 
presented in Fig. 7e. 

The R2 values suggest that the Freundlich isotherm model is more 
feasible than the Langmuir isotherm for adsorption by all tested mate-
rials. However, for RhB adsorption by γ-Fe2O3/Mt, the R2 value was 
higher than that for the Langmuir isotherm. By contrast, adsorption by 
Mt showed a better fit for the Langmuir isotherm. The KF and KL values 
showed significant improvements in adsorption capability. Both con-
stants from γ-Fe2O3/Mt were twice the values from Mt, while the 

Table 1 
calculated parameters from kinetics studies.  

Pseudo-first-order  

Kinetics parameter 

R2 k Qe (mg/g) 

γ-Fe2O3 0.897 1.06 × 10-3 5.55 
γ-Fe2O3 /Mt 0.944 2.55 × 10-2 48.8 
Mt 0.997 2.46 × 10-3 15.4 
Pseudo-second-order  

R2 k Qe 
γ-Fe2O3 0.977 1.18 × 10-3 5.68 
γ-Fe2O3 /Mt 0.997 2.08 × 10-2 47.64 
Mt 0.704 3.06 × 10-3 9.86 
Intra-particle diffusion  

R2 ki C 
γ-Fe2O3 0.706 0.23 − 0.48 
γ-Fe2O3 /Mt 0.991 3.00 − 0.35 
Mt 0.900 0.60 − 1.11  

Table 2 
Calculated isotherm parameters.  

Adsorbent Freundlich Isotherm 
parameters 

Langmuir Isotherm Parameters  

KF (L/g) 1/n R2 qm 

(mg/g) 
KL (L/ 
mg) 

RL R2 

γ-Fe2O3  0.65  0.67  0.977  7.89 4.1 
x10-3  

0.971  0.974 

γ-Fe2O3 

/Mt  
1153.70  0.39  0.995  45.08 7.8 

x10-2  
0.999  0.965 

Mt  418.29  0.45  0.991  26.23 3.8 
x10-2  

0.991  0.973  
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Brunauer-Emmett-Teller (BET) surface area of γ-Fe2O3/Mt was not 
higher than twice the BET surface area value. This can be ascribed to the 
role of dispersed nanoparticles in adsorption-active sites [42]. The 
enhanced hydrophilicity, along with the presence of abundant negative 
functional surface groups (− O and − OH), is the most possible expla-
nation for the rapid adsorption of RhB. This assumption is justified by 
the low zeta potential of γ-Fe2O3/Mt (pH 5.8) compared with that of Mt 
(pH 6.8). A schematic representation of the mechanism can be seen in 
Fig. 8. 

3.3. Photocatalytic activity study 

The photocatalytic activity of γ-Fe2O3/Mt is presented by the kinetics 
of RhB removal at different initial concentrations (Fig. 9a). For each 
experiment, a mixture of dye solution and photocatalyst powder was 
first kept in the dark for 15 min with constant stirring. The stirring in the 
dark was aimed to get adsorption equilibrium prior photocatalysis. The 
plot shows that the degradation efficiency reached greater than 96% at 
30 min and 99% at 60 min at all concentrations. The comparison of DE 
values by photocatalysis over γ-Fe2O3/Mt and γ-Fe2O3 presented in 
Fig. 9b suggest the similar DE at low RhB concentration (2–10 ppm), but 
at increasing concentration γ-Fe2O3/Mt was superior respect to γ-Fe2O3. 
The higher degradation is attributed to the contributing adsorption 
mechanism which is more dominant in γ-Fe2O3/Mt. The contribution 
adsorption in photocatalytic mechanism was also reported in the use of 

BiOBr, Fe3O4@MoS2, and Fe(III)/montmorillonite [43–45]. The DE 
values indicated that the γ-Fe2O3/Mt had high efficiency, as also 
demonstrated in the comparison with the DE values obtained from other 
similar works listed in Table 3. The DE value obtained in this work was 
higher than that of γ-Fe2O3/SiO2, which was 95% at the same duration 
of 30 min, and that of Ag–AgI/Fe3O4@SiO2, which was 95% at 1 h of 
treatment [46–51]. 

3.4. Degradation mechanism 

The identification of the degradation mechanism in photocatalysis in 
comparison with the adsorption mechanism was performed using 
UV–visible spectrophotometry and liquid chromatography coupled to 
mass spectrometry (LCMS) analysis. The UV–visible spectra in Fig. 9b 
and 9c represent a significant difference among the spectral changes 
obtained by adsorption and the photocatalysis mechanism. Adsorption 
produced reduced absorbance spectra along with prolonged treatment 
time. From the photocatalysis treatment, not only reduced absorbance 
but also the red shift of the characteristic peak of 556 nm was found. The 
red shift is characteristic of deethylation and decarboxylation. This is 
also confirmed by the LCMS analysis presented in Fig. 10. The LC 
analysis of the treated solution revealed some other peaks as proof of the 
degradation products (Fig. 10a). Besides the other peaks found in the 
treated solution from the LC analysis (Fig. 10b), the treated solutions 
exhibited fractions with m/z values of 359, 331, 181, 168, 146, and 128 

Fig. 8. Schematic diagram of RhB adsorption mechanism by γ-Fe2O3 /Mt.  
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as degradation products. These spectra elucidate that the possible 
degradation mechanism can be described using the following scheme 
(Fig. 11): 

These analyses are similar to the identification of RhB degradation 
over other TiO2-supported activated carbons and SnO2/Mt [17]. 

To further determine how reactive species induce the degradation 
mechanism, hole and hydroxy radical scavengers were added to the 
photocatalytic system. To this, isopropanol (IPR) was added as the hy-
droxy radical scavenger, while the EDTA was added as a hole scavenger. 
The effect of the addition to the degradation rate is depicted in the ki-
netic plots and the calculated initial rates presented in Fig. 12. Fig. 12a 
and Fig. 12b show that the photodegradation rate was increased with 
the addition of EDTA and decreased with the addition of IPR. In order to 
reduce the interpretation on decreasing concentration caused by 
adsorption pathway, the test on scavenger addition under light illumi-
nation was performed by previously treated by adsorption under dark 
condition. The proof that the degradation mechanism occurred by var-
ied treatment, HPLC analysis was performed with the chromatogram 
presented in Fig. 13. The chromatogram of initial RhB shows the single 
dominant peak at 6.8 min as identity of RhB molecule. After was treated 

Fig. 9. (a) DE of photocatalytic degradation using γ-Fe2O3 /Mt at varied concentration (b) Comparison on DE by photocatalytic degradation using γ-Fe2O3 /Mt and 
γ-Fe2O3 (c) UV–Visible spectral change by photocatalytic mechanism (d) UV–Visible spectral change by adsorption mechanism. 

Table 3 
RhB removal by various materials.  

Material DE (%) Remark Reference 

αFe2O3 NPs 73 at 1 
h 

Particle size of αFe2O3 is ranging at 
48–55 nm with the band gap energy 
of 2.14 eV 

[39] 

γ-Fe2O3/SiO2 95 at 
30 min 

The DE achieved by the photocatalyst 
dose of 0.8 g/L, silica was derived 
from rice husk ash 

[40] 

BaTiO3/MnO2 70 at 3 
h 

photodegradation of RhB in the 
presence of MnO2 -modified BTO 
ceramics followed a pseudo-first 
order model a 

[41] 

Ag–AgI/ 
Fe3O4@SiO2 

95 at 1 
h 

The light source was a 250 W lamp, 
photocatalyst dosage of 0.1 g/L 

[42] 

Cu–Fe3O4 

magnetic 
nanoparticles 

92.8 at 
1 h 

The optimum degradation was 
achieved at pH ~7 and 25 ◦C and the 
rate constant of about 0.0256 min− 1. 

[43] 

NiMn2O4 
nanoparticles 

98 at 
80 min 

The photocatalyst has the band gap 
energy of 3.0 eV 

[44]  
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Fig. 10. LCMS profile of initial and treated solutions.  
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by varied condition, the chromatograms exhibit other peaks at less 
retention time, associated with smallest molecular weight. It suggest 
that there was degradation of RhB structure as shown by other peaks in 
all varied treated solutions for 30 min. The slower degradation rate by 
IPR addition was confirmed by the higher concentration of rest RhB in 
the solution. Contrarily, the faster degradation by EDTA addition was 
expressed by less intense RhB peak, along with some more intensive 
peaks of degradation products. This phenomenon revealed the role of 
the promoted separation of electron-hole pairs related directly to the 
increased lifetime of electron-hole pairs. In addition, the trapping hy-
droxy radicals by IPR inhibited the propagation reaction owing to their 
consumption in further oxidation process toward RhB. These results 
imply that the radicals were the predominant reactive species for the 
photocatalytic degradation of RhB. A similar effect was reported for the 
photocatalytic activity of Fe2O3 nanoparticles [52] and BiFeO3 nano-
structures [53]. 

3.5. Reusability study 

Examination of reusability is an important evaluation for a photo-
catalyst to be applied on an industrial scale. The experiments were 
conducted in five cycles based on the initial rate and DE achieved at 30 
min. The photocatalyst was recycled by filtering, washing using n-hex-
ane, and calcined for 200 ◦C after the completion of each cycle. The 
easily separable property of the material is related to the magnetism 
feature measured using the VSM analysis presented in Fig. 14a. The 
magnetism plot shows that the γ-Fe2O3/Mt demonstrates specific mag-
netic saturation magnitudes of 22.7 emu/g. This value is less than the 
magnetism of γ-Fe2O3 NPs prepared from various experimental 
methods, which ranged from 60 to 70 emu/g, representing the influence 
of the non-magnetic properties of clay support. However, magnetism is 
still applicable for magnetic attraction for easy separation with high 
recoverability. The bar chart depicted in Fig. 14b shows that the 

Fig. 11. Proposed mechanism of RhB degradation by photooxidation using γ-Fe2O3 /Mt.  

Fig. 12. (a). DE RhB (b) Initial rate of degradation using γ-Fe2O3 /Mt with and without scavenger.  
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Fig. 13. Chromatograms of initial RhB solution and varied treated solutions for 30 min.  
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photocatalytic activity achieved was quite stable, as confirmed by the 
maintained DE at approximately 97–99% and the reduction of the initial 
rate to ≤ 10%. In addition, the stability of the photocatalyst was also 
monitored by XRD measurement and XPS of the reused photocatalyst. 
The spectra of Fe 2p presented in Fig. 14 c suggest the insignificant 
change of the material. No other reflection was identified in the recycled 
photocatalyst, and no other peaks in the XPS profile were observed, 
confirming that the single-ion species of Fe3+ were maintained. 

Finally, the γ-Fe2O3/Mt nanocomposite exhibited excellent proper-
ties in terms of visible-light activity, easy magnetic separation, stability, 
and reusability, making it practically applicable in dye photo-oxidation. 
Mt is an abundant, low-cost, naturally occurring material that will 
contribute to the economic value of nanocomposites to be further 
developed. 

4. Conclusion 

A nanocomposite of γ-Fe2O3/Mt was successfully prepared using a 
hydrothermal method. The nanocomposite demonstrated excellent fea-
tures as an adsorbent and photocatalyst for RhB removal. The homo-
geneous dispersion of the single-phase γ-Fe2O3 nanoparticles in the Mt 
structure contributed to the enhanced dye-surface interaction, as shown 
by the significant improvement in adsorption capability. The narrow 
band-gap energy of 3.2 eV is fit visible light and attractivity to magnetic 
force provide the benefits of a low-cost and easy handling photocatalytic 
system. In addition, the nanocomposite showed a magnetically sepa-
rable performance for complete recovery after use. The stability of the 
nanocomposite, proven by the relatively unchanged phase after use for 
many cycles, greatly promotes its potential practical application for the 

removal of dye pollutants from wastewater. 
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T. ELSÄSSER, Max-Born-Institut, Berlin, Germany
G. ENGEL, University of Chicago, Chicago, IL, USA
G. ERTL, Fritz Haber Institut der Max Planck Gesellschaft, Berlin, Germany
H. FIELDING, University College London (UCL), London, UK
C. FITTSCHEN, University of Lille, Villeneuve d’Ascq, France
L. GAGLIARDI, University of Minnesota, Minneapolis, MN, USA
Y. GAO, Peking University, Beijing, China
A.K. GANGULI, Institute of Nano Science and Technology, Mohali,  

India
P.L. GEISSLER, University of California, Berkeley, CA, USA
L. GONZALEZ, Univesrität Wien, Wien, Austria
D.M. GULDI, Friedrich-Alexander-Universität Erlangen-Nürnberg,  

Germany
F.M.F. DE GROOT, Utrecht University, Utrecht, Netherlands
A. HAGFELDT, EPFL SB ISIC LSPM, Lausanne, Switzerland
N.J. HALAS, Rice University, Houston, TX, USA
L. HALONEN, University of Helsinki, Helsinki, Finland
P. HAMM, Universität Zürich, Switzerland
L. HAMMARSTRÖM, Uppsala Universitet
H. HASHIMOTO, Osaka City University, Japan
J. HEREK, University of Twente, Enschede, The Netherlands
K. HIRAO, Advanced Science Institute, RIKEN 2-1, Hirosawa, Wako, 

Saitama 351-0198, Japan
S. HIRATA, University of Illinois at Urbana-Champaign
J. HODGES, NIST, Gaithersburg, MD, USA
D. JONAS, University of Colorado Boulder
J. KORPPI-TOMMOLA, University of Jyväskylä
K. KIM, Pohang University of Science and Technology, Nam-Gu, Korea
W.M. KLOPPER, Universität Karlsruhe Technische Hochschule, Karlsruhe,  

Germany
A. KORNYSHEV, Imperial College London, London, UK
G.J. KROES, Leiden University, Leiden, The Netherlands
K. KUCHITSU, Tokyo University of Agriculture and Technology, Japan
Y.T. LEE, Academia Sinica Taipei, Taiwan
T. LIAM, Emory University, Atlanta, GA, USA
W. LIANG, Xiamen University, Xiamen, China
R. LUO, University of California at Irvine, Irvine, CA, USA
Z. LIU, Fudan University
F. MANBY, University of Bristol, UK
D. MARKOVITSI, Francis Perrin Laboratory, Gif-sur-Yvette, France

B.V. MCKOY, Pasadena, CA, USA
M. MCCARTHY, Harvard-Smithsonian Center for Astrophysics, Cambridge, 

MA, USA
B. MENNUCCI, Università  di Pisa, Pisa, Italy
T.A. MILLER, Ohio State University, Columbus, USA
W.H. MILLER, University of California at Berkeley, USA
C.A. MIRKIN, Northwestern University, Evanston, IL, USA
W.E. MOERNER, Stanford University, USA
K. MOROKUMA, Kyoto University, Kyoto, Japan
G. MORRIS, University of Manchester
J. MOSER, École Polytechnique Fédérale de Lausanne (EPFL), Lausanne, 

Switzerland
A. MYERS KELLEY, University of California, Merced, CA, USA
P. O’BRIEN, The University of Manchester, UK
A. ORREWING, University of Bristol, Bristol, UK
M. ORRIT, Universiteit Leiden
D. OSBORN, Sandia National Laboratories, Livermore, CA, USA
A. PAINELLI, Parma University, Parma, Italy
T. POLIVKA, Faculty of Science, University of South Bohemia Branišovská 

31, 370 05 Ceské Budejovice, Czech Republic
M. PRATO, University of Trieste, Trieste, Italy
C.N.R. RAO, Jawaharlal Nehru Centre for Advanced Scientific Research, 

Bangalore, India
R.J. SAYKALLY, University of California, Berkeley, CA, USA
H.F. SCHAEFER, III, University of Georgia, Athens, USA
G. SCHOLES, University of Toronto, Canada
Z. SHUAI, Tsinghua University, Beijing, China
Y. SHIGETA, University of Tsukuba, Tsukuba, Japan
R. SIGNORELL, University of British Columbia, Vancouver, Canada
A. SOPER, Science & Technology Facilities Council (STFC)
J.F. STANTON, University of Florida, Gainesville, USA
A. SUITS, University of Missouri, Columbia, MS, USA
D.J. TOZER, Durham University, Durham, UK
D.G. TRUHLAR, University of Minnesota, Minneapolis, USA
C. VALLANCE, University of Oxford, Oxford, UK
L.-S. WANG, Brown University, Providence, RI, USA
J. WANG, Southeast University, Nanjing, China
A. WODTKE, Karl Friedrich Bonhoeffer Institute, Göttingen, Germany
Y. WENG, Chinese Academy of Sciences (CAS)
G. WEI, Michigan State University, East Lansing, MI, USA
S. WILLITSCH, Universität Basel
S. WIMPERIS, Lancaster University
K. WUTHRICH, Swiss Federal Institute of Technology Zürich, Switzerland
M. WULFF, ESRF - The European Synchrotron, Grenoble, France
Y. XIA, Washington University in St. Louis, St. Louis, WA, USA
K. YAMASAKI, Hiroshima University, Japan
H. YANG, Princeton University, Princeton, USA
X. YANG, Chinese Academy of Sciences, Dalian, China
J. YE, JILA/University of Colorado, Boulder, CO, USA
C.-H. YU, National Tsing Hua University, Hsinchu, Taiwan
R.N. ZARE, Stanford University, USA
D.-H. ZHANG, State Key Lab. of Molecular Reaction Dynamics, Dalian,  

China
J. ZHANG, University of California, Riverside, USA
J. ZHANG, New York University Shanghai, Shanghai, China
X.S. ZHAO, Beijing University, China
D.P. ZHONG, Ohio State University, OH, USA
X. ZHUANG, Harvard University, Cambridge, MA, USA

FOUNDING EDITORS: G.J. HOYTINK, L. JANSEN

K-L. HAN
Dalian Institute of Chemical 
Physics, Dalian, Liaoning, 
China

A. KARTON
The University of Western 
Australia School of Molecular 
Sciences, Perth, Australia

ADVISORY EDITORIAL BOARD

FORMER EDITORS: R.B. BERNSTEIN, A.D. BUCKINGHAM, D.A. KING, D.A. SHIRLEY, R.N. ZARE, A.H. ZEWAIL

D. P. Tew
University of Oxford Department 
of Chemistry, Oxford, United 
Kingdom



3/26/23, 9:16 AM Chemical Physics Letters | Vol 792, April 2022 | ScienceDirect.com by Elsevier

https://www-sciencedirect-com.ezproxy.ugm.ac.id/journal/chemical-physics-letters/vol/792/suppl/C 1/11

Volume 792
April 2022

Download full issue

Previous vol/issue Next vol/issue

Receive an update when the latest issues in this journal are published

Sign in to set up alerts

Full text access

Editorial Board

Article 139455

View PDF

Gaseous Molecules

Research article Full text access

Vibrational spectra of 2-cyanophenol cation studied by the mass analyzed threshold ionization technique

Na Li, Shuxian Li, Lin Wang, Huihui Wang, ... Changyong Li
Article 139402

View PDF Article preview

Menu Search in this journal

Chemical Physics Letters
Supports open access

4.1
CiteScore

2.719
Impact Factor

Abstract Graphical abstract

Graphical abstract

Submit your article Guide for authors

https://www-sciencedirect-com.ezproxy.ugm.ac.id/journal/chemical-physics-letters/vol/791/suppl/C
https://www-sciencedirect-com.ezproxy.ugm.ac.id/journal/chemical-physics-letters/vol/793/suppl/C
https://www-sciencedirect-com.ezproxy.ugm.ac.id/user/login?returnURL=%2Fjournal%2Fchemical-physics-letters%2Fvol%2F792%2Fsuppl%2FC%3FfollowJournal%3Dtrue
https://www-sciencedirect-com.ezproxy.ugm.ac.id/science/article/pii/S0009261422001221
https://www-sciencedirect-com.ezproxy.ugm.ac.id/science/article/pii/S0009261422001221/pdfft?md5=57715f99c9a00e09d2dc0953a84abded&pid=1-s2.0-S0009261422001221-main.pdf
https://www-sciencedirect-com.ezproxy.ugm.ac.id/science/article/pii/S0009261422000690
https://www-sciencedirect-com.ezproxy.ugm.ac.id/science/article/pii/S0009261422000690/pdfft?md5=2e5e66a4850240c4f0135a2eb3735227&pid=1-s2.0-S0009261422000690-main.pdf
https://www-sciencedirect-com.ezproxy.ugm.ac.id/journal/chemical-physics-letters
https://www.elsevier.com/about/open-science/open-access
https://www.editorialmanager.com/CPLETT/default.aspx
https://www.elsevier.com/journals/chemical-physics-letters/0009-2614/guide-for-authors
https://www-sciencedirect-com.ezproxy.ugm.ac.id/


3/26/23, 9:16 AM Chemical Physics Letters | Vol 792, April 2022 | ScienceDirect.com by Elsevier

https://www-sciencedirect-com.ezproxy.ugm.ac.id/journal/chemical-physics-letters/vol/792/suppl/C 2/11

Research article Full text access

Crossover description of transport properties for some hydrocarbons in the supercritical region

Seyed R. Kaghazchi, Hassan Behnejad
Article 139394

View PDF Article preview

Research article Full text access

Multi-path effect in population transfer dynamics of the photoassociation of hot Mg atoms by a femtosecond laser
pulse

Jin-Wei Hu, Jie Yu, Yong-Chang Han
Article 139405

View PDF Article preview

Research article Full text access

Theoretical study on autocatalytic reaction in thermal decomposition of nitromethane

Abstract Graphical abstract

Graphical abstract

Abstract Graphical abstract

Graphical abstract

https://www-sciencedirect-com.ezproxy.ugm.ac.id/science/article/pii/S0009261422000616
https://www-sciencedirect-com.ezproxy.ugm.ac.id/science/article/pii/S0009261422000616/pdfft?md5=9f755ac9068b431228de846446657378&pid=1-s2.0-S0009261422000616-main.pdf
https://www-sciencedirect-com.ezproxy.ugm.ac.id/science/article/pii/S0009261422000720
https://www-sciencedirect-com.ezproxy.ugm.ac.id/science/article/pii/S0009261422000720/pdfft?md5=425157355c256e63366bc2d588f3bd4b&pid=1-s2.0-S0009261422000720-main.pdf
https://www-sciencedirect-com.ezproxy.ugm.ac.id/science/article/pii/S000926142200080X


3/26/23, 9:16 AM Chemical Physics Letters | Vol 792, April 2022 | ScienceDirect.com by Elsevier

https://www-sciencedirect-com.ezproxy.ugm.ac.id/journal/chemical-physics-letters/vol/792/suppl/C 3/11

Pengwei Chang, Panwang Zhou, Jianyong Liu, Shuhui Yin
Article 139413

View PDF Article preview

Condensed Phases

Research article Full text access

Simulating Raman spectra of hydrogen hydrates using first-principles path-integral ring-polymer molecular dynamics

Takashi Ikeda
Article 139416

View PDF Article preview

Research article Full text access

Excitation dependent luminescence of Er /Sm  co-activated multicomponent borosilicate glasses via energy transfer
analysis

Adon Jose, T. Krishnapriya, Anns George, Jeena Rose Jose, ... P.R. Biju
Article 139432

View PDF Article preview

Abstract Graphical abstract

Graphical abstract

Abstract Graphical abstract

Graphical abstract

3+ 3+

Abstract Graphical abstract

Graphical abstract

https://www-sciencedirect-com.ezproxy.ugm.ac.id/science/article/pii/S000926142200080X/pdfft?md5=7b40637c8bd0a5d7c5af11404a68e83e&pid=1-s2.0-S000926142200080X-main.pdf
https://www-sciencedirect-com.ezproxy.ugm.ac.id/science/article/pii/S0009261422000835
https://www-sciencedirect-com.ezproxy.ugm.ac.id/science/article/pii/S0009261422000835/pdfft?md5=258a475fb353ad15e39198ac78a0c67a&pid=1-s2.0-S0009261422000835-main.pdf
https://www-sciencedirect-com.ezproxy.ugm.ac.id/science/article/pii/S0009261422000999
https://www-sciencedirect-com.ezproxy.ugm.ac.id/science/article/pii/S0009261422000999/pdfft?md5=e893536e69a9cbd4202d4deebca502bf&pid=1-s2.0-S0009261422000999-main.pdf


3/26/23, 9:16 AM Chemical Physics Letters | Vol 792, April 2022 | ScienceDirect.com by Elsevier

https://www-sciencedirect-com.ezproxy.ugm.ac.id/journal/chemical-physics-letters/vol/792/suppl/C 4/11

Nanostructures and Materials

Research article Full text access

Ecofriendly synthesis and white light-emitting properties of BaLa ZnO :Dy  nanomaterials for lighting application in
NUV-WLEDs and solar cells

Priyanka Sehrawat, R.K. Malik, R. Punia, Sanjeev Maken, Neelam Kumari
Article 139399

View PDF Article preview

Research article Full text access

Mechanistic insight into the adsorption and photocatalytic activity of a magnetically separable γ-
Fe O /Montmorillonite nanocomposite for rhodamine B removal

Is Fatimah, Gani Purwiandono, Arif Hidayat, Suresh Sagadevan, Azlan Kamari
Article 139410

View PDF Article preview

2 5
3+

Abstract

Abstract

Herein, we report a new set of white-emitters i.e., BaLa ZnO :Dy  nanomaterials, fabricated via an inexpensive and energy-saving

urea-aided-combustion route. Tetragonal phase-transparency had been authorized via X-ray powder diffraction-facilitated-Rietveld

refinement analysis. Under 355 nm energization, target samples manifested white-luminance via two bands, namely bluish and

golden (485 & 578 nm). Fine photometric characteristics of optimal nanopowder had been reflected in white coordinates (0.2693,

0.3278) with high purity of white-light (27.61 × 10 ), quantum-efficiency (74.95%), and appropriate color-temperature (9290 K).

Briefly, the aforementioned results suggested their promising employment for generating cool-white-light in high-performance

cool-wLEDs (white-light emanating diodes), lasers, indoor-cultivation, sensors, and photovoltaic-cells.
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The mechanism of quantum dots (QDs) sensing metal ions remains controversial. Herein, we investigate the mechanism from

the perspectives of fluorescence anisotropy and light scattering, where 3-mercaptopropionic acid (MPA) capped CdTe QDs are

employed as a model fluorescent sensor and Hg  is used as a model quencher. We observe that when with the QDs is mixed with

the Hg , the fluorescence is quenched while the light scattering is enhanced and the fluorescence anisotropy is increased. These

observations indicate that the Hg  destabilizes the QDs and drives them to agglomerate. Since the PL mechanism of QDs is

closely depended on the quantum size effect, it implies that the agglomeration of QDs might be an important contributor to the

fluorescence quenching. This work provides novel insights to explain the mechanism of QDs as fluorescent probe to detect metal

ions.
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