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photocatalysis, is a part of such and is treated as a tool 
which that can provide a simple and cheap means for 
removing various organic and inorganic pollutants, as well 
as microbial pathogens [5–7]. Photo-catalysts can be used 
in photo-induced operations intended for self-cleaning 
or self-sterilizing, purification of water and air, odor con-
trol, hydrolysis etc. Among these, the removal of toxic or 
potentially dangerous species is an independent area with 
enhanced results [8–12].

Titanium oxides of Lanthanide  (A2B2O7) are known to 
crystallize as face centered cubic (Fd3m space group) pyro-
chlores. The compounds have been recently studied for 
use as dielectric materials, solid electrolytes, catalysts, and 
radiation absorbers [13–15], and are currently used in opti-
cal materials, electrochemical systems, and photo-catalysts 
[16–18]. The materials have also been reportedly used for 
immobilization and the safe storage of solid nuclear wastes 
[19]. Based on experimental observations,  Ln2Ti2O7 com-
pounds with large cations (i.e. Ln = La to Nd) form non-
centrosymmetric monoclinic layered perovskite (LP) crys-
tals with P21 space groups [20, 21]. This latter group offers 
promising piezoelectric and ferroelectric properties and can 
be potentially used in ferroelectric devices, magnetic mate-
rials, etc [22, 23].

Many properties of the former group are attributed to 
their pyrochlore structure, in which rare-earth elements 
(RE) occupy the sites of A-cations, while sites of B-cations 
are occupied by titanic ions [24, 25]. The atoms present 
in the A and B sites are arranged on the vertices of cor-
ner sharing tetrahedrons, which are linked into an infinite 
3D network. This three dimensional network makes inten-
sive spin interactions possible. Among these compound, 
 Dy2Ti2O7 has proven to be an attractive compound with 
unique features [26, 27].

Abstract In this work  Dy2Ti2O7 nanoparticles 
(DTONPs) were prepared through a sol–gel procedure 
using different surfactants, and the effects of the various 
solvents and surfactants (e.g. cetyltrimethylammonium 
bromide, sodium dodecyl sulfate, and glucose) on the 
size, morphology, and crystal structure of the DTONPs 
was evaluated. The different characterizations of the nano-
structures were performed using X-ray diffraction, scan-
ning electron microscopy, diffuse reflectance spectroscopy 
(UV–Vis), and Fourier transform infrared spectroscopy. 
The vibrating sample magnetometery analyses of the sam-
ples reveal a ferromagnetic behavior under ambient con-
ditions. Eventually the photo-catalytic behavior of the 
DTONPs in the UV-induced degradation of methyl orange 
as organic pollutant in water in water was evaluated under 
UV light irradiation. The results showed that methylene 
blue degradation was about 88 and 96% for two DTONPs 
after 50 min, so the synthesized product can be used as an 
effective photocatalyst.

1 Introduction

Much research has been directed to the area of energy 
and environmental and the related issues during recent 
years [1–4]. Research and development in the area of 
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On the other hand,  Ln2Ti2O7 compound where 
Ln = La, Gd, Nd have proven to act as good [28, 29], and 
the photo-induced degradation of organic compounds has 
only been reported in the case of  La2Ti2O7-based com-
pounds [30]. Consequently using other lanthanide titan-
ates as degradations photocatalyts for removing organic 
pollutants has not been the subject of extensive studies 
[9, 31].

Hence, in this work after the synthesis of  Dy2Ti2O7 
nanoparticles through a sol–gel approach and their char-
acterization through X-ray diffraction (XRD), DRS, scan-
ning electron microscopy (SEM), and Fourier transform 
infrared spectroscopy (FT-IR), the produced materi-
als were evaluated as photocatalysts for the UV-induced 
decomposition of methylene blue (MO) in aqueous 
solutions.

2  Experimental

2.1  Synthesis of  Dy2Ti2O7 nanoparticles

Typically stoichiometric quantities of tetra-n-butyl titan-
ate (TNBT) and dysprosium nitrate at a 1:1 ratio were 
independently dissolved two beakers containing. This 
was followed by dissolving a known quantity of a sur-
factant (CTAB) in ethanol and adding the resulting solu-
tion to the TNBT solution while stirring. Finally the 
dysprosium nitrate solution was added to this solution 
under stirring under ambient temperature. This mixture 
was kept stirring and was heated until a gel was formed 
at 90 °C. This gel was next thermally treated in a fur-
nace under an air atmosphere for 3 h and then calcined at 
800 °C. After cooling the obtained product was collected. 
Detailed information on the reaction conditions are given 
in Table 1.

2.2  Photocatalytic tests

The produced  Dy2Ti2O7 nanoparticles were tested as a 
photocatalyst for the UV-induced degradation of methyl-
ene blue (MB) in water. The reactions were conducted in a 
quartz photo-reactor. The test solutions contained 50 ppm 
of the dyes and 0.1  g of the produced  Dy2Ti2O7. These 
mixtures were transferred to the photoreactor and, before 
the onset of the reaction through UV irradiation, were 
stirred for 0.5 h for reaching an equilibrium level of adsorp-
tion/desorption of the dyes on the surface of the nanostruc-
tures. In the course of the reaction, air was bubbled into the 
reactor by a pump to keep the solution oxygen-saturated. 
5 mL of samples were sampled in specific time intervals, 
then  Dy2Ti2O7 nanoparticles was separated from the sam-
ple using 5  min centrifuging at 12,000  rpm. The concen-
tration of the dyes in each sample determined by UV–Vis 
spectrophotometery.

2.3  Materials and characterization

The chemicals ([.e. Dy(NO3)3·6H2O, tetra-n-butyl titan-
ate, ethanol, polyvinylpyrrolidone (PVP), sodium dode-
cyl sulfate (SDS), and cetyltrimethyl ammonium bromide 
(CTAB)] were procured from Merk Co. and were used as 
received.

The magnetic properties were evaluated using an alter-
nating gradient force magnetometer (AGFM) device, 
(Meghnatis Daghigh Kavir Company, Iran), under room 
temperature conditions and in the magnetic field range 
of ±10,000  Oe. The XRD studies were conducted using 
a Philips XRD instrument with an Ni-filtered CuKα 
radiation.

The SEM images were recorded on a 1455VP LEO 
instrument, after coating the samples were with a thin Pt 
layer using a BAL-TEC SCD 005 sputter coater. This was 
done to make the surface of the samples conductive, avoid 
the accumulation of charge, and reach better contrast in 
the resulting images. FT-IR spectra were recorded with a 
magna Nicolet 550 spectrophotometer using the KBr pellet 
technique.

3  Results and discussion

Morphological studies were performed using SEM images. 
Various studies were performed to assess the influence of 
different surfactants (i.e. glucose, SDS, and CTAB) and 

Table 1  The preparation conditions of the  Dy2Ti2O7 nanoparticles

Sample no. Solvent Surfactant Tempera-
ture (°C)

Decol-
orization 
(%)

1 Water CTAB 800 88
2 Ethanol Glucose 800 –
3 Ethanol SDS 800 –
4 Ethanol CTAB 800 96
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Fig. 1  SEM image of  Dy2Ti2O7 nanoparticles a sample 1, b sample 2, c sample 3 and d sample 4 
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the solvent on the physical properties (i.e. morphology 
and size) of the produced nanoparticles. The SEM image 
of the sample (samples 1) prepared using water (solvent) 
and CTAB (surfactant) is given in Fig. 1a. The results show 
that the product is mainly composed of agglomerated nano-
particles. Three further experiments were conducted using 
ethanol as the solvent. The SEM images obtained for sam-
ples 2–4 prepared using this solvent and glucose, SDS, and 
CTAB as the surfactant are illustrated in Fig. 1b–d.

As mentioned earlier Fig.  1a shows that the product 
was mainly composed of agglomerated, inhomogeneous 
particles and microstructures. Further results showed that 
changing the surfactant to SDS or CTAB, (samples 3 and 
4) the product morphology changed to small nanoparticles 
(Fig. 1c, d).

The XRD pattern of the  Dy2Ti2O7 nanoparticles pre-
pared at ambient conditions (Fig.  2) shows could be 
indexed to a monoclinic phase (P21/c space group) which 
was closely related to reference data (JCPDS No. 74-1743). 
Peaks corresponding to other phases and impurities were 
not observed, which were held as proof of the high-purity 
the produced  Dy2Ti2O7 nanoparticles. The strong, sharp 
reflection peaks observed in the XRD patterns, revealed the 
prepared  Dy2Ti2O7 particles to be well-crystallized, and the 
size of the nanoparticles crystallites were determined to be 
about 14 nm, using Debye–Scherrer’s equations [32–34],

  
D = (0.89λ)∕(β cos θ)

in which λ represents the wavelength of the Cu kα radia-
tion (0.154 nm), β is the full width at half maximum of the 
peak, and θ is the Bragg’s angle (the 2θ value correspond-
ing to the maximum intensity peak in the XRD pattern).

FT-IR analyses obtained in the range of 400–4000 cm−1 
(Fig.  3), also confirmed the purity of the nanoparticles 
(sample 1). The results illustrated in Fig. 3, include bands 
at 3423 and 1623 cm−1 corresponding to the v(OH) stretch-
ing and bending vibrations, due to the presence of sur-
face absorbed water molecules [35–37]. The strong bands 
at 620  cm−1 was attributed to the stretching vibrations of 
Ti–O, and that at 1114 cm−1 was assigned to the vibrations 
of the C–O group [38].

The result of diffuse reflectance spectroscopy on sample 
1 is shown in Fig. 4, based on which the band gap, was cal-
culated to be 2.87 eV for sample 4, using Tauc’s equation:

in which a illustrates the absorption coefficient, hυ is the 
energy of the photon, A and h are the constant values, Eg is 
the optical band gap energy of the sample, and n is a con-
stant which can vary between 1/2 and 3 depending on the 
nature of the electronic transition.

To determine the photocatalytic efficiency of the sam-
ples, the following Eq ws used:

(1)(Ah�)n = (h� − Eg)

(2)Color removal (%) =
(

C0 − Ct∕C0

)

× 100

Fig. 2  XRD pattern of 
 Dy2Ti2O7 nanoparticles (sample 
1)
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Fig. 3  FT-IR spectra of  Dy2Ti2O7 nanoparticles a before calcined, b after calcined at 800 °C (sample 1)
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in which  C0 is the is the initial concentration of MB in solu-
tion (mg L−1), and  Ct represents the concentration of this 
species after irradiation time t(min).

Based on the data in Fig. 5, after 50 min, 88 and 96% 
of the pollutant was degraded in the presence of the two 
DTONPs prepared under different condition. So, the pos-
sibility of electron–hole recombination in the nanoparticles 
is small and causing the holes in valance band to interact 
with the hydroxyl groups present on the surface of nano-
particles. Consequently the OH groups are converted to the 
highly reactive OH· radicals, which in turn react with the 
MB molecules and degraded (Scheme 1; Fig. 5).

The kinetics of the UV-induced reaction was evaluated 
based on the Langmuir–Hinshelwood model, which is 
expressed by the following Eq. (3):

Using this model the pseudo 1st order rate constant, 
 kapp  (min−1), of the reaction was determined from the 

(3)−
dC

dt
= kappC

slope of the plot of −ln  (Ct/Co) versus UV irradiation 
time (t) (Fig.  6) that is 0.0778  min−1 for sample 4 [39, 
40]. This illustrate that the DTONPs can play as efficient 
photocatalysts with good qualities to be used in the pho-
tocatalytic degradation of organic pollutions from water 
samples.

4  Conclusions

Dy2Ti2O7 nanoparticles were prepared through a sol–gel 
method using different surfactants and the optimal product 
was used for the removal of MB from aqueous samples. 
The study involved evaluating the effects of the surfactants 
[i.e. cetyltrimethylammonium bromide (CTAB), SDS, and 
glucose] and the solvent on the morphology and particle 
size of the particles. The optimally prepared  Dy2Ti2O7 
nanoparticles were characterized by SEM, FT-IR, XRD, 
UV–Vis and EDS analysis and were found to be pure and 
homogenous. The band gap energy of the  Dy2Ti2O7 nano-
particles was determined, indicating that they can be used 
as photocatalysts. The photocatalytic evaluations were 
made through testing the particles in the photo-oxidation 
of MB and a degradation efficiency of about 88 and 96% 
for two DTONPs was observed after 50  min of UV light 
irradiation.
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Fig. 4  UV–Vis diffuse reflectance spectrum of  Dy2Ti2O7 nanoparti-
cles (sample 1)

Fig. 5  Photocatalytic methyl orange degradation of  Dy2Ti2O7 nano-
particles under ultraviolet light
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