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Oxides with the perovskite type structure of formula LnCoO3, where Ln is a rare earth element, have unique physical and chemical
properties. These materials are applied in catalysis, gas sensors, and electrodes for solid oxide fuel cells, among others. In this
work, single-phase DyCoO3 was obtained at 900

∘C using the solution-polymerization method.Themicrostructure of this material
corresponds to a dendritic-type shape, with grain size between 0.2 and 8 𝜇m and abundant porosity. The ultraviolet (UV) sensing
characterizationwas performed on sintered pelletsmade with the as-preparedDyCoO3 powder.TheUV sourcewas a light emitting
diode (LED) of wavelength (𝜆) of 365 nm.The detection of this radiation, with constant optical irradiance (Ee), produced uniform
and reproducible response patterns. When Ee was increased, the graphs revealed a quantitative detection of the light. Analogous
results were obtained using light of larger wavelengths: 𝜆 = 400, 449, and 642 nm. The graphs display a decrease on the variation
of the photocurrent by increasing 𝜆, corresponding to a decrease on the energy of the incoming photons. On the other hand,
the photocatalytic decomposition of malachite green under UV radiation was investigated using powder of DyCoO3. The results
show a decrease of the absorbance by increasing the UV exposure time, indicating the degradation of the dye. Since DyCoO3
is a p-type semiconductor material, the generation of electrical charge carriers under UV radiation explains its photocurrent
and photocatalytic properties. In general, these properties can be applied in UV sensors to prevent skin cancer, photoconductive
materials for solar photocells, and photocatalysis to decompose organic dyes.

1. Introduction

In recent years, cobalt-based perovskites of formula LnCoO3,
where Ln is a rare earth element, have attracted considerable
interest due to their outstanding physical and chemical prop-
erties. These properties have found application in different
areas like heterogeneous catalysis, solid oxide fuel cells,
thermoelectricity, gas sensors, and photocatalysis, among
others [1–11]. About their magnetic and electrical properties,
a lot of experimental and theoretical researches have been
done; however, the interpretation of the results is still under
debate [12]. Different types of magnetic ordering have been
identified in these materials, which depends on the Ln cation
and the Co3+ spin state [13, 14]. In LaCoO3 , three electron
spin states for cobalt have been detected: low spin (t2g

6 eg
0),

intermediate-spin (t2g
5 eg
1), and high-spin (t2g

4 eg
2) [15].

Besides, from electrical measurements, an insulator to metal
transition has been observed at around 600K, which is
associated to changes in the spin configuration. Even though
the physical and chemical properties of LaCoO3 have been
studied extensively, significantly less information is available
for cobalt perovskites containing other rare earth elements.

In this work the detection of ultraviolet radiation (UV)
using DyCoO3 was investigated. Even though UV represents
a small region of the electromagnetic spectrum, from 100 to
400 nm, its effect on human beings is of particular concern,
because it causes skin cancer and eye damage [16, 17]. Other
harmful effects occur in plants, where the photosynthesis can
be significantly affected by an overexposure to UV light [18].
Therefore, the development of materials able to detect UV
radiation is worth investigation. The photodetection proper-
ties of perovskite oxides have been previously investigated;
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however, they have been limited to few compounds like
BaTiO3, SrTiO3, LiNbO3, and LiTaO3 [19–22]. In the case of
cobalt-based perovskites, Liu et al. studied the detection of
visible light using nanostructured LaCoO3 thin films, grown
epitaxially on SrTiO3 substrates [23].They reported that pho-
toconduction depends on the crystallographic orientation of
the films. However, for DyCoO3 , the detection of UV and
light in the visible region has not been reported yet, in our
knowledge.

On the other hand, the photocatalytic decomposition of
toxic compounds by means of metal oxides has received a
great deal of attention throughout the world. This process
seeks to mitigate the harmful effects of these chemicals in
the environment, once they have been used in the fabrication
of a number of products. Even though the most studied
photocatalyst is TiO2, notable results have been obtained
fromGdCoO3 and LaCoO3 [9–11, 24].The rare earth element
in these compounds plays a key role in the photocatalytic
activity because of their partly occupied 4f levels. Besides,
cobalt is catalytically active due to its mixed-valence state and
electrical properties. Therefore, the photocatalytic degrada-
tion of a typical dye (malachite green) under UV light using
powder of DyCoO3 was investigated in this work.

2. Materials and Methods

DyCoO3 was synthesized by the solution-polymerization
method, using stoichiometric amounts of Dy(NO3)3⋅6H2O
(99.9%, Sigma) and Co(NO3)2⋅6H2O (99%, J.T. Baker). The
latter were dissolved in 10ml of an aqueous solution con-
taining 2 wt% of polyvinyl alcohol (Aldrich), which acted
as polymerizing agent. After stirring for 24 h, the solvent
was evaporated by microwave irradiation, using a home
microwave oven. An exothermic reaction took place at the
end of the evaporation, whichwas observed by a brief ignition
of the dried material. The resulting precursor was calcined
from 700 to 900∘C in air, for 5 h, using a muffle-type furnace.

The crystal structure of calcined powders was character-
ized by X-ray powder diffraction (XRD), at room temper-
ature, using an Empyrean (PANalytical) diffractometer (Cu
K𝛼1 radiation). The microstructure of samples was observed
by field emission scanning electron microscopy (FESEM),
using a Tescan (Mira) microscope. Surface chemical analysis
was done by using a Brucker X-ray energy dispersive spec-
trometer, attached to the FESEM. Surface characterization
was also performed by X-ray photoelectron spectroscopy
(XPS), using a Thermo Scientific K-Alpha spectrometer,
which has a monochromatic Al K𝛼 source (1486 eV).

Photocurrent measurements were carried out on sintered
DyCoO3 pellets prepared by pressing 500mg of the powder
at 120 kg/cm2, followed by calcination at 700∘C for 5 h. These
pellets had 1 cm diameter and 2mm thickness. Two high
purity silver wires (99.99%, Aldrich) were attached to each
pellet, which acted as electrical contacts. Electrical current
measurements were done in direct current mode (DC) using
a digital voltmeter (Agilent 34401A). The UV source was
a light emitting diode (LED) of 𝜆 = 365 nm, with variable
optical irradiance (Ee) of up to 200mW/cm2. LEDs of 𝜆 =

Fused quartz tube
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DyCoO3 Heat sink

Light emitting
diode (LED)

Figure 1: Drawing of the experimental setup used for the photocur-
rent measurements.
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Figure 2: Scheme of the UV light photocatalytic reactor.

400 (violet), 449 (blue), and 642 (red) nm were also used.
To avoid contamination of the pellet, it was placed inside a
fused quartz tubewith sealed plastic lids at both ends; Figure 1
shows a drawing of the experimental setup. The radiation
emitted by the LEDs was measured by means of a Thorlabs
optical power meter (PM 100D). This instrument has a Si
photodiode (model S120VC) for detecting radiation in the
range 200-1100 nm.

The photocatalytic degradation of malachite green (MG)
was evaluated in a home-made photoreactor, using UV LED
with Ee = 100mW/cm2. For this purpose, 10 and 20mg
of DyCoO3 in powder were used as photocatalysts. The
powders were dispersed in 40ml of a MG aqueous solution,
with concentration of 1.6 × 10−5M and pH = 4.7. Figure 2
shows a scheme of the experimental setup used in the
photocatalysis tests. The heat sink shown in this picture was
used to dissipate the heat produced by the LED. Samples were
collected at different periods of time and characterized by
UV-vis spectrophotometry (Thermo Scientific, Helios Zeta).
FTIR analyses of DyCoO3 samples (before and after the
photocatalysis) were performed with a Thermo Scientific
Nicolet iS5 spectrometer.

The efficiency of the photocatalytic degradation ofMG by
DyCoO3 was determined by using Eq. No. (1):

%𝐷𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 =
𝐶𝑜 − 𝐶
𝐶𝑜

𝑥100% =
𝐴𝑜 − 𝐴
𝐴𝑜

𝑥100% (1)

where𝐶0 is the concentration of the original MG solution
and 𝐶 corresponds to the concentration after its irradiation.



Journal of Sensors 3

20 30 40 50 60 70

Co3O4
Dy2O3

DyCoO3

In
te

ns
ity

 (a
. u

.)

900∘C

800∘C

700∘C

2 (∘)

Figure 3: X-ray diffraction patterns of materials calcined from 700
to 900∘C, in air.

Similarly,𝐴0 and𝐴 are the absorbance values of the solution,
before and after its degradation.

3. Results and Discussion

3.1. Crystal Structure, Morphology, and Surface Chemical
Composition of DyCoO3. Figure 3 shows XRD patterns
obtained from powders calcined at 700, 800, and 900∘C. The
pattern of the material annealed at 700∘C shows the main
diffraction lines of Dy2O3 and Co3O4, which were identified
by means of the JCPDF files Nos. 43-1006 and 09-0418,
respectively. The calcination at 800∘C yielded DyCoO3, as
result of the reaction between Dy2O3 and Co3O4. DyCoO3
was identified by using the JCPDF file No. 25-1051. An
improvement of the crystallinity and the near absence of XRD
lines of Dy2O3 (2𝜃 = 28.9∘ and 57.5∘) and Co3O4 (2𝜃 = 37∘)
were observed from a sample calcined at 900∘C.

The XRD results obtained in this work were compared
with those published for DyCoO3 prepared by the citrate,
drip pyrolysis, and microwave-assisted methods [25–27].
By the citrate method, DyCoO3 was obtained from the
calcination of a precursormaterial at 950∘C, for 12 h, whereas
by drip pyrolysis the synthesis required the annealing of
pellets pressed at 3 ton/cm2 , at 1000∘C, for 24 h. By the
microwave-assisted method a reaction temperature was not
reported, but according to the authors it was far above 700∘C.
A full match among our results and those reported in the
literature was observed.

The microstructure of DyCoO3 calcined at 900∘C was
observed by FESEM; Figures 4(a) and 4(b) display two typical
images acquired at different magnifications. The morphol-
ogy can be described as particles of dendritic-type shape
surrounded by abundant porosity; the grain size was in the
range 0.2-8𝜇m.Nanostructured oxides can be synthesized by
the solution-polymerization method; however, the annealing
temperature needed to produce DyCoO3 yielded in this

work a micron-sized material. Since the morphology of
DyCoO3 synthesized by themethods previously cited was not
reported, it was not possible to perform a comparison of the
microstructure of our samples. Figure 4(c) displays an EDS
spectrum of DyCoO3 ; this graph shows the main peaks of
dysprosium, located at 1.3, 6.5, and 7.2 keV; cobalt, at 0.75, 6.9,
and 7.6 keV; oxygen, at 0.5 eV. The peak observed at 2.12 keV
is associated to the M orbital of gold, which was deposited on
DyCoO3 as a thin film, prior to the observation by FESEM.
In general, the EDS analysis confirmed the formation of
DyCoO3 . Figure 4(d) shows the microstructure of a DyCoO3
pellet, sintered at 700∘C, prepared with the as-synthesized
powder. This image reveals the formation of a denser solid,
with better connectivity among grains, whichwas intended to
facilitate the transport of charge carriers during the electrical
characterization.

Figure 5(a) displays a wide XPS scan of DyCoO3 showing
the presence of carbon, dysprosium, cobalt, and oxygen,
whose peaks correspond to that reported in the literature
[28]. The carbon 1s peak is associated to the adhesive used to
fix the sample for XPS analysis. Figure 5(b) shows a narrow
scan of Dy 3d3/2 and 3d5/2 levels, whereas the 4d peak of this
element, located at approximately 152.4 eV, is shown in the
inset of this figure. The latter can be deconvoluted into two
peaks, corresponding to Dy 4d5/2 and 4d3/2, which indicates
the oxidation state 3+ for Dy [29]. Figure 5(c) displays the
cobalt 2p1/2 and 2p3/2 levels, which are detected through the
peaks located at approximately 795 and 780 eV, respectively.
These peaks were deconvoluted as shown in the same graph.
The interpretation of them indicates that the peaks centered at
780.17 and 794.15 eV are attributed toCo3+ , whereas the peaks
at 781.7 and 797.1 eV are related to Co2+. Moreover, the area
associated to each oxidation state of cobalt was determined,
resulting in 54.6% for Co3+ and 45.4% for Co2+. Figure 5(d)
shows a narrow scan around the oxygen 1s level, from which
the deconvolution reveals three peaks centered at 529.2, 530.7,
and 532.4 eV. The first two are associated to O 1s (Co-O and
Dy-O bonds) and OH−, respectively. The small peak located
at 532.4 eV can be attributed to a C-O bond, caused by a slight
carbonation of the sample, due to the fact that the synthesis
was performed in atmospheric conditions.

3.2. Photocurrent Properties of DyCoO3

3.2.1. Detection of UV Light. The most studied materials for
detecting UV radiation are wide-bandgap semiconductors
like SnO2, Nb2O5, TiO2, ZnO, and ZnS, among others, which
have been applied in photoconductive cells from time ago
[30–32]. A key parameter to be considered for this application
is the bandgap energy; that for these materials is in the range
3.2 to 4.9 eV. Regarding DyCoO3 , the electrical, magnetic,
and thermoelectric properties have been previously reported;
however, its response to UV radiation has not been published
[27, 33]. Then, in this work the bandgap energy of DyCoO3
was estimated through UV-Vis spectroscopy using Tauc plots
((𝛼ℎ])n vs. h]), where 𝛼 is the optical absorption coefficient,
h is the Planck constant, and ] is the frequency of the light;
the term h] represents the photon energy. Figure 6 shows
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Figure 4: Surface morphology ((a) and (b)) of DyCoO3 calcined at 900
∘C; (c) corresponding EDS analysis; (d) microstructure of a DyCoO3

pellet sintered at 700∘C.

a typical (𝛼h])0.5 vs. h] graph obtained from powder of
DyCoO3. The intersection of the dotted line with the x-axis
indicates a bandgap energy of approximately 4.25 eV. Then,
this value suggests the possible application of DyCoO3 as a
UV sensor material.

In order to evaluate the photocurrent properties of
DyCoO3, the variation of the electrical current (I) through
a DyCoO3 pellet caused by UV radiation was measured. The
applied voltage used in these measurements was 5 V. Figures
7(a) and 7(b) show I vs. time graphs recorded when the pellet
was alternatively exposed to UV (Ee = 100mW/cm2) and
darkness, in periods of time of 2min and 30 s, respectively.
These graphs show uniform response patterns, characterized
by an increase of 𝐼 under UV light.The process was reversible
and the magnitude of the variation of I (called hereafter �𝐼)
depends on the UV exposure time. For instance, when the
film was exposed for 2min, the average �I was 0.12mA,
whereas, in periods of 30 s, �I was 0.06mA. �I also depends
on the optical irradiance (Ee) of the incoming UV light,
and Figure 7(c) displays a typical 𝐼 vs t plot obtained when
Ee increased steadily from 20 to 90mW/cm2, with 2min of
exposure to each Ee value. In this case, ΔI increased from
0.027 to 0.1mA, approximately. Figure 7(c) also displays that
regardless of Ee when the UV source was turned off the

current returned to its original value. Moreover, a quasilinear
relationship between �I and Ee was deducted, as shown in
Figure 7(d). It is important to mention that the different
values of Ee were obtained by supplying specific voltages to
the LED by means of a variable DC power supply.

Figure 8 shows polarization curves (I-V plots) obtained
in darkness and UV light with Ee from 150 to 180mW/cm2. A
nonlinear behavior of 𝐼with voltage is observed in each curve,
where an increase of current with Ee can also be noticed. The
latter agrees with the current values shown in Figure 7(c).
Moreover, in absence of light, a current of approximately
0.31mA at 5 V was registered, which approximately matches
with the current value registered in 𝐼 vs. time graphs of
Figure 7 (I = 0.38mA). The latter suggests that the applied
voltage plays a key role in the transport of charge carriers, by
providing enough energy to produce their mobility. This also
occurs for radiation of lower energy, as it is going to be shown
later. Then, a possible mechanism to explain the detection of
UV light by DyCoO3 is based on the formation of electron-
hole pairs on its surface, caused by the incoming photons of
energy h]. The pairs are formed according to Eq. No. (2):

ℎV → ℎ+ + 𝑒− (2)
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Figure 5: (a) Wide XPS scan of DyCoO3. Narrow XPS profiles of (b) Dy, (c) Co, and (d) O.
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Figure 6: Determination of the bandgap energy of DyCoO3.

In a less extent, UV radiation can promote physicochem-
ical reactions, like adsorption of oxygen molecules, which

modify the electrical properties of the material. The latter can
be written through Eqs. Nos. (3)-(5):

𝑂2 (𝑔𝑎𝑠) + 𝑒
− → 𝑂−2 (𝑎𝑑𝑠) (3)

𝑂2 (𝑔𝑎𝑠) + 4𝑒
− → 2𝑂2− (𝑎𝑑𝑠) (4)

𝑂2 (𝑔𝑎𝑠) + 2𝑒
− → 𝑂2−2 (𝑎𝑑𝑠) (5)

Since DyCoO3 is a p-type semiconductor material the
depletion of electrons in its conduction band, produced by
the adsorption of oxygen, increases the number of charge
carriers (valence band holes). This can produce an additional
increase of the electrical current. Besides, when UV light
is turned off, the desorption of oxygen species takes place,
decreasing I.

3.2.2. Responsivity of DyCoO3 in UV Light. An important
parameter for UV photodetectors is the responsivity (Rs),
which represents the change on the electrical current in
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Figure 7: Variation of electrical current through a DyCoO3 pellet in on/off cycles of UV light of (a) 2min and (b) 30 s. (c) Quantitative
response to UV light of several Ee values. (d) Quasilinear relationship between �𝐼 and Ee.

response to a specific radiation. The responsivity of DyCoO3
was calculated by using Eq. No. (6):

𝑅𝑠 =
𝐼𝑝ℎ

(𝐴𝑒𝑓𝑓) (𝐸𝑒)
(6)

where 𝐼𝑝ℎ = Ilight - Idark, Aeff is the effective UV photode-
tector area, and Ee is the optical irradiance (in W/m2), and
then

𝑅𝑠,𝐷𝑦𝐶𝑜𝑂3 =
(∼0.685 − ∼0.376) × 10−3𝐴

(𝜋) (5 × 10−3𝑚)2 (1000 (𝑊/𝑚2))

= 3.93 × 10−3𝐴/𝑊

(7)

where Ilight and Idark were obtained experimentally from
the graph shown in Figure 9.

Comparing the resulting Rs obtained in this work with
those reported in the literature for other oxides used in this

application: (InxGa1-x)2O3 (Rs = 6.9 X 10−5 AW−1) and 𝛽-
Ga2O3 (Rs = 3.72 X 10−4 AW−1), the potential use of DyCoO3
as UV photodetector material can be noticed [34, 35].

3.2.3. Detection of Light of LargerWavelengths. The detection
of radiation in the visible spectrum using semiconductor
materials has been investigated since time ago. In order
to know the ability of DyCoO3 to detect radiation in this
region, photocurrent measurements using light sources of
larger wavelengths were also tested. Figures 10(a) and 10(b)
show 𝐼 vs. time graphs recorded when light of 𝜆 = 400
and 449 nm and Ee = 90mW/cm2 were used. From these
figures, the average �I were 0.118 and 0.107mA, respec-
tively. Comparing these results with those obtained from
UV, a decrease of �I of approximately 1.6 and 10.8% was
observed, respectively. This can be explained by a decrease
on the energy of the incoming photons. The quantitative
detection of these radiations was evaluated by increasing Ee
from 20 to 90mW/cm2; Figures 11(a) and 11(b) display the
corresponding results. The exposure to light of 𝜆 = 400nm
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produced �I values from 0.023 to 0.075mA, whereas, for 𝜆 =
449 nm,�𝐼 varied from 0.021 to 0.069mA. Even though these
results reveal small differences of �I, a decrease of �I with 𝜆
can be noticed. Furthermore, from Figures 11(a) and 11(b) a
quasilinear relationship between �I and Ee can be deduced,
similarly to that observed for UV light.

Figure 12(a) shows a typical 𝐼 vs. time plot obtained when
a LED of red light (𝜆 = 642 nm) and Ee = 90mW/cm2 was
used. In this case, a significant decrease on the averageΔI was
measured, being of 0.037mA.This value represents a decrease
of 69% to that registered in UV light. Figure 12(b) displays
the variation of 𝐼 produced by an increase on Ee, from 20 to
90mW/cm2. The exposure to this light produced ΔI values
from 0.011 to 0.04mA. Besides, a quasilinear dependence of
ΔI with Ee can be also inferred from this graph.

The overall photocurrent results obtained from DyCoO3
revealed that photons with energy between 1.93 eV (red)

and 3.39 eV (UV), or even higher, can be easily detected
by the variation of the electrical current through the oxide.
A possible application of this material can be found in
photoconductive cells, which are used for saving electrical
energy in artificial illumination. Some of the advantages of
DyCoO3 compared to other materials used in this field are
that it is easy to prepare, cost effective, and environmentally
friendly. Moreover, DyCoO3 can also be applied as a detector
material to monitor the UV exposure in humans, during
outdoor activities.

3.3. Photocatalytic Decomposition of Malachite Green. Mala-
chite green (MG) is a cationic triphenylmethane dye of
formula C23H25ClN2, which contains three aromatic rings.
It has been used in the paper, textile, leather, and fishing
industries: in the latter like fungicide and antiseptic [36].
It is highly resistant to biodegradation and recently its use
has been banned because of its mutagenic and cytotoxic
capabilities [37]. Regarding the photocatalytic degradation
of MG investigated in this work, Figure 13(a) shows the
absorbance spectra obtained when 10mg of DyCoO3 (as
powder) and UV light (Ee = 100mW/cm2) were used. A
gradual decrease of the absorbance intensity with exposure
time can be noticed, indicating the degradation of MG.

Since the amount of photocatalyst used in these tests
plays an important role, experiments using 20mg of the per-
ovskite were also done. Figure 13(b) displays the degradation
percentage obtained when 10 and 20mg of the perovskite
were used. In this graph, the main band of MG, centered
at 617 nm, was used as reference. The results show that the
degradation of the dye increased from 1.3 to 20% during the
first 10 minutes, while after 2 h it increased from 10.8 to 47%.
This improvement is attributed to the increase on the surface
area of DyCoO3 in contact with MG.

The correlation of the photocurrent results with the
photocatalytic degradation of MG may be described in the
following terms: under UV light the valence band (VB)
electrons of DyCoO3 are excited to the conduction band
(CB), increasing the number of holes in the VB. VB holes
react with water contained in the MG solution producing
hydroxyl radicals (OH∙), according to Eq. No. (8).

𝐻2𝑂 + ℎ+𝑉𝐵 → 𝑂𝐻∙ + 𝐻+ (8)

Hydroxyl radicals are highly reactive and promote chem-
ical reactions in short periods of time [38]. These radicals
catalyze the degradation of the dye through their interaction
with electron-rich sites of the MG molecules [36]. On the
other hand, cobalt oxides with spinel or perovskite-type
structures have good photocatalytic properties towards water
oxidation [39]. The trivalent state of cobalt (Co3+) with
intermediate spin state t2g

5eg
1 is a key factor [15]. According

to the authors of that work, the presence of a single electron
in the eg

1 orbital and the energy of the incoming UV
photons provide the basis for oxygen evolution. Moreover,
Soĺıs et al. concluded that the charge carriers involved in
the photocatalysis regenerate the original oxidation state of
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Figure 10: Photocurrent vs. time graphs obtained for light of 𝜆: (a) 400 and (b) 449 nm (Ee = 90mW/cm2).
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Figure 11: Quantitative detection of light of 𝜆: (a) = 400nm and (b) 449 nm.
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Figure 12: (a) I vs. t graph recorded using a LED of red light (Ee = 90mW/cm2) in on/off periods of 2min. (b) Variation of 𝐼measured while
increasing Ee.



Journal of Sensors 9

400 500 600 700
0.0

0.5

1.0

1.5
Ab

so
rb

an
ce

 (a
.u

.)

Wavelenght (nm)

0 min
 10 min
 30 min

 60 min
 100 min
 120 min

(a)

0 20 40 60 80 100 120
0

10

20

30

40

50

D
eg

ra
da

tio
n 

(%
)

Time (min)

10 mg DyCoO3

 20 mg DyCoO3

(b)

Figure 13: (a) UV-Vis absorption spectra corresponding to the photocatalytic decomposition of malachite green under UV light. (b)
Degradation percent recorded in 10 and 20mg of DyCoO3.
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Figure 14: XPS narrow scans of (a) Co 2p and (b) O 1s of a DyCoO3 sample used in the photocatalytic degradation of MG.

cobalt, minimizing electron–hole recombination [40]. The
latter can be written by means of Eqs. Nos. (9) and (10):

𝐶𝑜3+ + 𝑒−𝐶𝐵 → 𝐶𝑜2+ (9)

𝐶𝑜2+ + ℎ+𝑉𝐵 → 𝐶𝑜3+ (10)

In this work, in order to find evidence of this mechanism,
a sample of DyCoO3 retrieved after the UV photocatalytic
degradation of MG was evaluated by XPS. Figure 14 shows
narrow scan profiles registered for (a) Co 2p and (b) O 1s
levels. From Figure 14(a), the analysis of the deconvolution
of the 2p1/2 and 2p3/2 levels of cobalt allowed to calculate
areas of 68.34% and 31.66%, for Co3+ and Co2+, respectively.
Comparing these results with those obtained before the

photocatalysis, the area (abundance) corresponding to Co3+
increased approximately 25%, involving a decrease of the
same percentage for Co2+. About the analysis of oxygen,
Figure 14(b) shows an increase of 8% on the area associated
to the formation of OH− ions (peak located at 531.3 eV),
produced during the photocatalytic degradation of MG. The
increase on the amount of Co3+ andOH− detected on samples
used in photocatalysis supports the mechanism proposed
before. However, the identification of other oxygen species
like O2

2−, O2
−, and O− was not possible through XPS [41,

42]. Furthermore, the increase on the area of the peak
centered at 532.4 eV of Figure 14(b) (related to the C-O bond)
can be attributed to adsorbed moiety produced during the
degradation of MG.
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Figure 15 shows FTIR spectra of DyCoO3 before and
after the photocatalytic decomposition of MG. Three strong
peaks in the region 421–570 cm−1 are assigned to stretching
and vibration of Co-O and Dy-O-Co bonds. The peak at
1082 cm−1, which is more evident before the photocatalysis,
can be attributed to the stretching mode of CO3

2− [43, 44].
The presence of the latter agrees with the XPS result that
displays the presence of carbonate (Figure 5(d)). Further-
more, after photocatalysis, new peaks appear in the FTIR
spectrum. It draws attention the presence of a wide peak at
3514 cm−1, which is due to the O-H stretching vibration. This
wide band (inset of Figure 15) could be a contribution from
O-Hgroups in both the organic matter and the photocatalyst.
In the literature, the shoulder detected at 3541 cm−1 has been
associated to hydroxyl groups, bonded to lanthanides and
transition metal oxide cations [45]. Therefore, this signal can
be assigned to OH− generated on the surface of the DyCoO3
photocatalyst. The peaks observed after photocatalysis in the
region 1700-700cm−1 are related to moiety containing C=C
(aromatic rings), C=O, C-H, and C-N groups of the dye.
However, the O2

− radical could not be identified by this
technique, possibly due to its short life. In summary, FTIR
results supported the mechanism of degradation based on the
formation of OH− radicals by UV radiation. These radicals
break the dyemolecules and the resulting fragments (moiety)
have been associated to peaks observed by XPS and FTIR.

3.4. Conclusions. DyCoO3 displays a unique crystal structure
with outstanding magnetic and electrical properties. How-
ever, other interesting properties, such as photoconductivity
and photocatalytic activity, have not been published before,
in our knowledge. Therefore, in this work DyCoO3 was
prepared by a straightforward wet chemistry method, using
PVA as a polymerizing agent. Compared to other approaches,
it was obtained at a lower calcination temperature and its
microstructure displays an extensive network of micron
sized grains and abundant porosity. The photocurrent results

obtained from pellets of DyCoO3 revealed a reproducible
detection of light in the UV and visible regions. These results
suggest its possible application in photoconductive cells for
saving electric energy and UV detectors for preventing skin
cancer, among others. On the other hand, compared to
other semiconductor materials the photocatalytic activity
of DyCoO3 toward the decomposition of MG revealed a
moderate performance. However, it can be improved through
the optimization of the synthesis method, with the purpose of
producing nanostructured particles.
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