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The corrigendum applies to the paper “Synthesis and characteriza-
tion of samarium and nitrogen doped TiO2 photocatalysts for photo-
degradation of 4-acetamidophenol in combination with hydrodynamic
and acoustic cavitation”, published in Separations and Purification
Technology, 209 (2019) pp. 254–269. The authors identified some er-
rors in the XRD and UV–Vis DRS spectra and the authors felt that more
explanation was required to describe the XRD peaks for the samarium
and nitrogen doped photocatalysts including their corresponding che-
mical formulae and phases. Accordingly, the correct analysis of XRD
has been included and explanation of XPS analysis has been elaborated
with respect to both major and minor peaks for correct species identi-
fication and bond formation in the doped photocatalyst. The corre-
sponding figures of XRD patterns (Fig. 3(a) & (b)), UV–vis DRS spectra
(Fig. 7(a) & (b)) and Table 1 of the published article has been corrected
and is as included below. The authors apologize for the inconvenience
created.

The list of corrections are as follows

• Lines 1–34 of Section 3.1.1. (page 258–259) described as “XRD pat-
terns of ultrasonically and conventionally prepared …….and the
values are presented in Table 1.” should be read as given below.

XRD patterns generated using X’Pert HighScore of ultrasonically and
conventionally prepared un-doped and Sm/N-doped photocatalysts
(Sm/TiO2: 1.5; N/TiO2: 1) are shown in Fig. 3. In the case of pure TiO2

photocatalyst obtained using USP, as shown in Fig. 3(a), the XRD pat-
terns showed major diffraction peaks at 2θ=25.49°, 37.89°, 48.51°,
53.97°, 55.19°, 62.88° and 75.19° confirming the presence of anatase
phase (JCPDS card no. 21-1272) as the most predominant species. It
was reported that anatase phase of synthesized TiO2 has higher pho-
tocatalytic activity as compared to other crystalline phases (rutile and

brookite) [1]. Further in case of N doped TiO2, the intensity of anatase
peaks were higher than pure TiO2 which indicate that doping of ni-
trogen promotes the phase transformation from amorphous phase to
anatase [2,3]. Additional peaks of Ti-N species in the form of Ti2N and
Ti3N1.29 were observed at 2θ=37.06° and at 2θ=38.11°, 48.29°,
55.30° respectively. In case of Sm doped TiO2 samples, reduction in
peak intensity was observed as well as the anatase phase was absent
indicating that samarium ion doping inhibited the phase transformation
from amorphous to anatase [4,5]. New species of samarium titanium
oxide were observed in the form of Sm4Ti3O12, at 2θ=13.56°, SmTiO3

at 2θ=23.41° and Sm2TiO5 at 2θ=30.40°, 31.68°.
In the case of pure TiO2 photocatalyst obtained using CSP, as shown

in Fig. 3(b), a major peak was observed at 2θ=25.81°, whereas the
minor peaks were observed at 2θ=38.44°, 48.72°, 54.55°, 55.6, 63.07°,
69.38° (JCPDS card no. 21-1272) corresponding to the anatase phase. In
case of N doped TiO2 prepared using CSP, anatase phase was dominant
with major peak observed at 2θ=25.81°, and additional peaks of ti-
tanium nitride (Ti2N) were observed at 2θ=38.33° and 69.49° [6]. The
XRD spectrum of the Sm doped TiO2 prepared using CSP method, in-
dicated the presence of amorphous phase of TiO2 at 2θ=42.12°,
whereas anatase phase was absent as also observed in case of doped
TiO2 using USP method. Moreover, additional peaks were observed that
correspond to samarium oxide (Sm2O3) at 2θ=30.62° and samarium
titanium oxides (Sm2Ti2O7) at 2θ=14.16° and 23.73°and SmTiO3 at
2θ=32.14°. As depicted in Fig. 3, the crystallinity and peak intensities
are higher and sharper for the photocatalysts prepared using USP as
compared to that prepared by CSP. Higher peak intensity exhibited that
the anatase phase of TiO2 was more crystalline in nature. The crystallite
sizes of the synthesized photocatalysts were also calculated using
Scherrer’s formula according to Eq.3 [7] and the values are presented in
Table 1.
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• Corrected Fig. 3 is as given below in place of Fig. 3 of the published
article.

• Corrected Table 1 is as given below in place of Table 1 of the
published article.

• Line 17 of Section 3.1.5. (page 259) should be read as “The band gap
energies of pure TiO2, Sm-TiO2 and N-TiO2 photocatalysts were
found to be 2.89 eV, 2.64 eV and 2.0 eV respectively.” The band gap
value of pure TiO2 (2.89 eV) was found to be slightly lower than the
earlier reported value of 3.2 eV in the literature [1–3]. The reduc-
tion in the band gap energy can be attributed to the effect of cavi-
tation as asymmetric collapse of cavities cause a huge energy release
at the molecular level known as hot spots with very high tempera-
ture (upto 5000 K) and pressure (upto 1000 atm) which can alter the
surface characteristics of the TiO2 anatase crystals. Dette et al. [8]
reported a highly reactive titanium-terminated anatase surface with
a reduced bandgap of less than 2 eV. They reported that the reduced
band gap originated from the presence of surface gap states asso-
ciated with the exposed Ti4C and Ti5C sites in the TiO2 crystals due to
the removal of outermost layer of bridging oxygen atoms (O2C) from
the stoichiometric oxygen terminated surface. This new surface
called as titanium-terminated nonstoichiometric anatase phase is
created on the stoichiometric oxygen-terminated surface due to in-
crease in temperature of the oxygen annealing from 670 to 920 K in
the synthesis of dopant-free TiO2.

• Corrected Fig. 7 is as given below in place of Fig. 7 of the published
article.

• Lines 17–31 of Section 3.1.6. (page 261) “Previous studies suggested
that the N 1s peak………. 399 eV respectively.” should be read as
follows.

Previous studies suggested that the N 1s peak of the N-doped TiO2

was commonly observed between 395 and 402 eV [2,3,9]. In this study
as observed in Fig. 9(c), the presence of peaks at the binding energy of
399 eV and 397.3 eV confirmed the successful doping of nitrogen into

the TiO2 lattice structure. The N 1s peak of the N doped TiO2 at 399 eV
may be attributed to the interstitial N species with the possibility of N-
O-Ti or Ti-N-O bond formation [2]. The minor N 1s peak at 397.3 eV
can be attributed to the Ti–N–Ti linkages in the Ti-N species formed by
the replacement of oxygen atoms in the TiO2 crystal lattice, indicating
that the nitrogen atom is substitutionally doped into the TiO2 lattice
[6]. This has also been confirmed from the XRD spectrum. When ni-
trogen is doped into the TiO2 lattice it causes a reduction in the electron
density around nitrogen due to the lower electronegativity of nitrogen
than the oxygen atom. Therefore, the peak at 399 eV corresponding to
N-Ti-O species is higher than that of Ti–N species appearing at
397.3 eV. It is concluded that nitrogen doped into TiO2 exists in both
substitutional and interstitial N. Fig. 9(d) depicts the XPS spectrum of
Sm 3d, in which the peak at 1083.43 eV corresponds to the bond of Sm-
O-Ti. The XRD results also indicated the formation of samarium tita-
nium oxide in the doped TiO2. Therefore, the XPS study indicated the
successful incorporation of samarium at binding energy of 1083.43 eV
and nitrogen at binding energies of 399 eV and 397.3 eV as dopants into
TiO2.

• Lines 17–18 of Section 3.2.4 (page 263) “which is attributed to the
reduced band gap energy from 3.19 to 2.98 eV” should be read as
“which is attributed to the reduced band gap energy from 2.89 to
2.0 eV”.

• Lines 33–37 of Section 3.2.4 (page 264) “Higher photocatalytic effi-
ciency obtained in N-doped TiO2 as compared to Sm-doped TiO2

…………… and pure TiO2 (3.19 eV)” should be read as follows.

Higher photocatalytic efficiency obtained in N-doped TiO2 as com-
pared to Sm-doped TiO2 even with the low molar ratio (N/TiO2:1) can
be attributed to the reduced band gap energy (2.0 eV) of N-doped TiO2

as compared to the Sm-doped TiO2 (2.64 eV) and pure TiO2 (2.89 eV).

Fig. 3. XRD patterns of pure TiO2, N-doped TiO2 and Sm-doped TiO2 synthesized using (a) ultrasound assisted sol-gel (b) conventional sol gel process.
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Fig. 7. (a) UV–Vis diffuse reflectance spectra. (b) Kubelka-Munk plots and band
gap energy estimation of pure TiO2, Sm-TiO2, and N-TiO2.

Table 1
The crystallite sizes of photocatalysts synthesized using USP and CSP.

Type of
photocatalysts

USP CSP

Crystal size,
nm

Crystal phase Crystal size,
nm

Crystal phase

Pure TiO2 13.14 Anatase 16.89 Anatase
Sm-doped TiO2 8.53 Amorphous 12.80 Amorphous
N-doped TiO2 9.86 Anatase 10.75 Anatase
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