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Abstract

Rare earth cobalt perovskites of formula ReCoOs3 are an important group of materials that
have applications in many emerging technologies such as energy storage devices, photocatalysis,
gas sensors, and many more. An effective strategy for improving their physical and
physicochemical properties has been the formation of metal-semiconductor heterojunctions. In this
work, the effect of adding silver microparticles (Ag (uPs)) to NdCoOs on its photodetection
properties was investigated. For the preparation of NdCoOs; and Ag/NdCoOs, the microwave-
assisted combustion method was used, which provides a fast, inexpensive and efficient route to
synthesize them, without subsequent high temperature calcination. The photoconductive properties
in UV light were evaluated through photocurrent (/,;) measurements, at room temperature, on thick
films made with the as-prepared materials. The results revealed an increase of at least one order of
magnitude in the variation of In (Aly) in Ag/NdCoO3, compared with the single-phase material.
This was attributed to the plasmonic effect produced by the homogeneous distribution of Ag (uPs)
in the perovskite. Polarization curves confirmed the quantitative detection of this radiation. For
near-infrared radiation (NIR), no significant response was obtained for NdCoOs; however, reliable
results were registered in Ag/NdCoO3. Based on the results, it was possible to conclude that the
introduction of non-agglomerated Ag (uPs) into cobalt-based perovskites represents a suitable

method for improving their photosensing properties.
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1. Introduction

Perovskite-type oxides of formula ABOj3; have remarkable properties in areas like catalysis,
superconductivity, ferroelectrics, photovoltaics, energy storage, and many more [1]. Particularly,
lanthanide cobalt perovskites (ReCoOs, where Re is a rare-earth) have attracted interest since the
early 1970s due to the possible application of La;.xSrxCoO3 (x < 0.5) as a substitute for platinum
in automotive catalytic converters to reduce pollutant emissions [2-6]. In photocatalysis, some of
these materials exhibit performance similar to that of TiO, (anatase and rutile phases) for the
degradation of polluting organic dyes such as methyl orange and methylene blue [7, 8]. Cobalt-
based perovskites have also been the subject of active research in the field of electrocatalysis to
improve oxygen and hydrogen evolution reactions, which are employed in energy conversion
devices and solid oxide fuel cells [9, 10]. In gas sensors, they display high response and selectivity
to environmental gases due to the remarkable adsorption properties [11]. Although the
photosensing response of some cobalt perovskites has been investigated, the majority remain
unexplored; NdCoOs is a notable example [12, 13]. Time ago, this oxide was investigated as a
catalyst for methane oxidation, where the results revealed better performance than those obtained
from LaCoOs3 and PrCoOs3 [14]. NdCoOs has also been tested as a photocatalyst for the degradation
of anionic and cationic organic dyes, like phenol red and methyl violet, with promising results [15].
For gas sensing applications, it has been investigated for detecting CO and acetone, while its
electrical, thermoelectric, and thermochromic properties have also been reported [16-24].

Various methods have been used for the preparation of this perovskite, such as



coprecipitation, solid-state reaction, the sol-gel method, thermal decomposition of salts, and
molten salts, among others. Table 1 shows a summary of the main characteristics of them and those
of the resulting materials [14-29]. As can be observed, NdCoOs can adopt a cubic or orthorhombic
crystal structure; soft chemistry routes, such as coprecipitation and the sol-gel method, produce
cubic nanoparticles at relatively low temperatures, whereas methods based on solid-state reaction
and molten salts primarily generate micrometer-sized orthorhombic particles [30].

Although there is abundant information regarding the synthesis of NdCoO3, little is available
on the preparation of metal-semiconductor heterojunctions formed by this material and noble
metals, or on the resulting physical properties. Given that the optical bandgap energy (E;) of
NdCoOs3 (2.84 eV) is narrower than that of common UV photosensor materials like ZnO or TiO»,
it would be possible to detect this radiation as well as radiation of lower energy [31, 32]. Therefore,
the effect of incorporating silver particles into this material on its optoelectronic properties is the
main objective of this study. To prepare NdCoO3z and Ag/NdCoOs, the use of a direct, fast and
energy-saving method was explored. In addition, the thermoelectric properties of both materials

were evaluated for comparative purposes.

2. Experimental
NdCoOs was synthesized by the microwave-assisted combustion method by dissolving 2 g
of Nd(NO3)3-6H20 (99.9%, Alfa-Aesar) and 1.32 g of Co(NOs3)2-6H20 (99%, J.T. Baker), in 20

mL of an aqueous solution containing 0.1 g polyvinyl alcohol (PVA). PVA was used to promote an



exothermic reaction with the nitrates under microwave irradiation (MW), which was applied
through a domestic microwave oven operating at a frequency of 2.45 GHz and a power of 500 W.
Once the precursor dried, MW continued to be applied intermittently for 30 min until its full
combustion. Due to the high temperature achieved in this process, the resulting material was not
subsequently calcined. For the preparation of Ag/ NdCoOs, 0.1 g of AgNO3 (99.9%, J.T. Baker)
was added to the solution of neodymium and cobalt nitrates. The subsequent steps followed the
order already mentioned.

The crystal structure of the synthesized materials was analyzed by X-ray powder diffraction
(XRD), at room temperature, using an Empyrean (PANalytical) diffractometer, which operates
with monochromatic Cu Ko radiation. The surface morphology was examined by field emission
scanning electron microscopy (FESEM), using a Jeol microscope (JSM-IT 710HR). In situ, surface
chemical analyses were performed with an X-ray energy dispersive spectrometer (EDS) attached
to the microscope. The chemical composition of samples was also analyzed by X-ray photoelectron
spectroscopy (XPS), using a Specs Phoibos 150 spectrometer, operated with monochromatic Al
Ko radiation (1486.61 eV). Absorbance measurements were performed using a Thermo Scientific
UV-vis spectrophotometer (Helios Zeta).

The photocurrent characterization was carried out on thick films made with the as-prepared
NdCoO3 and Ag/NdCoOs powders. The latter were sonicated in anhydrous ethyl alcohol and
immediately deposited with a syringe into a ceramic ring of 5 mm diameter. The latter was fixed

to an alumina substrate by silver wires, which act as electrodes. To improve the electrical



conductivity and mechanical strength, the films were annealed at 300°C, for 5 h. Next, to protect
them from contamination and moisture, they were placed in sealed, transparent fused silica tubes;
Fig. 1 shows a schematic of the experimental setup. The light sources used in these tests were
LEDs of nominal wavelength 365 nm (UV-A) and 843 nm (NIR). The optical irradiance (E.) of
them was adjusted by a DC power supply (GW, model GPR-1810HD) and measured with a
Thorlabs optical power meter (PM 100D). The photocurrent measurements were performed in DC
mode using an Agilent 34401 A digital multimeter in series with a DC power supply and collecting
data with a PC. I-V curves were acquired under similar light conditions, using a potentiostat
(Solartron 1285), interfaced to a PC. Thermoelectrical measurements were performed on the same
films placing them in a temperature-programmable muffle-type furnace (Thermolyne 48000). The

heating rate used in these experiments was 100°C/h.

3. Results and Discussion
3.1 Crystal structure and chemical composition of samples

The microwave-assisted combustion method provides an efficient, direct and inexpensive
route to synthesize diverse ceramic materials [33-36]. It consists of the controlled exothermic
reaction occurring when metal nitrates and organic compounds, used as a fuel, are exposed to MW
irradiation. The high thermal energy generated by this process is frequently enough to crystallize
the target compounds. Fig. 2 shows typical XRD patterns collected from NdCoO3 and Ag/NdCoOs

samples, without subsequent calcination. NdCoOs crystallized in the cubic structure, with a lattice



parameter a = 7.546 A and space group Pm3m, and was identified using the JCPDF file No. 025-
1064. In the case of Ag/NdCoO3, metallic silver was identified by XRD lines located at 20 = 38.1°
(planes (111)),44.3° (200), and 64.4° (220), using the JCPDF file No. 01-089-3722, while NdCoO3
retained the same crystal structure. As previously mentioned, NdCoOs can also crystallize in an
orthorhombic structure; however, the perovskite-type structure is preserved in both cases, since

the Goldschmidt tolerance factor (7) lies between 0.8 and 0.9 [37]. This factor is defined as:

ra+ro
t —

V2 (rp+ro) (D

Where 74, ¥ and 7o are the ionic radii of the elements in the perovskite: 74 = Nd*" (1.109 A),
rg=Co0>" (0.61-0.63 A), and ro=0% (1.4 A). According to the literature, nanostructured materials
exhibit a significant number of crystalline defects (oxygen vacancies) that lead to oxygen non-
stoichiometry, resulting in a mixed-valence state for the cobalt ions Co** and Co?* (r5: 0.72 - 0.75
A), a situation frequently observed in many cobalt-based perovskites.

On the other hand, the average crystallite size (D) was calculated from the XRD data, using

the Scherrer equation:

KA
b= Bcos6 (2)

Where the shape factor is k (0.9), A corresponds to the X-ray wavelength (1.5406 A), B is the
full width at half maximum (FWHM) of each XRD peak, and 6 corresponds to the Bragg angle.
The calculations gave D = 32 nm for single-phase NdCoO3, 32.8 nm for silver-doped NdCoO3,

and 23 nm for silver particles.



3.2 Surface morphology and chemical composition

Fig. 3(a) shows the morphology of a sample of NdCoOs3, which has an internal porous core
with large irregularly shaped cavities, more than 10 um in size, while the exterior shows a smooth
and dense surface. The large internal porosity was formed by the emission of gases, mainly CO»
and NO,, during thermal decomposition of organic matter (PVA) and nitrates, caused by
microwave irradiation. At high magnification, Fig. 3(b) shows a detailed view of the external shell,
which exhibits a dense agglomeration of sintered microparticles (uPs) of size above 150 nm. This
microstructure reveals the high temperature spontaneously achieved by the strong exothermic
reaction promoted by MW radiation on nitrates and PVA, which occurs under controlled conditions.
On the other hand, Fig. 3(c) shows a typical EDS spectrum of this sample, where characteristic X-
ray emissions of Nd, Co, O, C and Au of energies below 20 keV can be noticed. The gold emission
was produced by the thin layer deposited by plasma sputtering to improve image resolution.
Meanwhile the carbon signal was caused by the colloidal paint used to fix the powder in the sample
holder. The energy of neodymium orbitals detected by this technique can be observed at 5.23 (La1),
5.2 (La2), 5.72 (Lp1), 6.09 (Lp2), 6.6 (Ly1), and 0.97 keV (Ma1). For cobalt, the peaks are located at:
6.93 (Ka1), 6.91 (Ka2), and 7.65 keV (Kp1), while oxygen shows only one emission at 0.52 keV
(Ka1). These results reveal that samples were free of contaminants.

For Ag/NdCoO3, Fig. 4(a) shows a FESEM image acquired at low magnification, where
morphological characteristics like those previously observed in the single-phase perovskite can be

noticed. At larger magnifications, Fig. 4(b) shows bright dots, indicated by arrows, corresponding



to silver microparticles (Ag pPs), which have sizes in the range of 0.12 to 0.3 pum, without visible
coalescence among them. Fig. 4(c) shows an EDS spectrum of this sample, where in addition to
the elements mentioned above, silver peaks corresponding to energies of 2.98 (La1), 3.15 (Lg1),
and 3.34 keV (Lp2) can be noted. Furthermore, Fig. 4(d) shows a FESEM image and a sequence of
images corresponding to EDS chemical mapping collected from Nd, Co and Ag. In the case of Nd
and Co, a coincidence in their spatial distribution is observed, indicating that both signals are
generated by the same material (NdCoQ3). In contrast, the bright regions of the FESEM image are
associated with the Ag microparticles and form metal-semiconductor heterojunctions with the
perovskite.

The chemical composition was also characterized by XPS; Fig. 5(a) shows a wide-scan
spectrum obtained from an NdCoOs3 sample, in which peaks emitted by neodymium, cobalt, and
oxygen can be observed. For neodymium, Fig. 5(b) shows a narrow scan acquired around the 3ds»
and 3ds» emissions, which have binding energies of 980.7 and 1002.9 eV, respectively. These
values were verified with those reported in the literature and show good agreement [38]. The
satellite peak centered at 1008 eV can be attributed to spin-orbit interactions from Nd-Co bonds.
For cobalt ions, Fig. 5(c) displays 2p12 and 2ps32 peaks, centered at 794.3 and 779 eV, respectively.
The presence of a satellite peak centered at ~783.5 eV is an indication of high spin Co*" ions,
which, in combination with the two peaks already mentioned, associated with high spin Co*", allow
us to conclude that cobalt ions are in a mixed valence state [29, 39, 40]. Furthermore, Fig. 5(d)

shows the 1s peak of oxygen, located at ~527.8 eV, which is associated with the formation of Nd-



O and Co-O bonds. In this graph, a large peak centered at 529.5 eV can be attributed to oxygen
vacancies. As mentioned before, this kind of lattice defect is characteristic of nanostructured
perovskite-type oxides. It is worth noting that Hu et al. obtained a similar oxygen XPS profile from
a nanostructured NdCoO3 sample with orthorhombic structure, suggesting that, at the nanoscale,
oxygen vacancies form independently of the crystal structure [29].

Regarding the XPS analyses of Ag/NdCoOs, Fig. 6(a) shows a typical wide scan exhibiting
features like those shown in Fig. 5(a). In addition, low-intensity emissions corresponding to 3d
levels of silver, at approximately 370 eV, can be also observed in this spectrum. For neodymium,
Fig. 6(b) displays no significant differences compared with Fig. 5(b), where the slight variations
are within the margin of error of the instrument. Something similar occurs with the narrow
spectrum of cobalt 2p levels, where a detailed inspection reveals no relevant changes. For the
oxygen signal, Fig. 6(d) shows a similar peak overlapping than that observed in NdCoOs; however,
a decrease in the intensity of the peak located at 530.17 eV can indicate a variation in oxygen
vacancies. The narrow spectrum acquired around 3ds» and 3ds; peaks of silver particles can be
observed in Fig. 6(e), which is consistent with what has been reported in the literature [38]. This
result confirms that silver does not form oxides or any other compound during synthesis, nor does

1t intercalate into the NdCoQs structure.

3.3 Optical bandgap energy of NdCoO3 and Ag/NdCoO3

The optical bandgap energy of NdCoO3 and Ag/NdCoOs3 was determined from absorbance
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data using the Tauc method. For this purpose, each powder was ground in an agate mortar and
sonicated in deionized water before measurement. Fig. 7 shows typical (0hv)? vs. hv graphs
obtained from these materials, where o is the absorption coefficient, 4 the Planck’s constant, v the
light frequency, and Av the photon energy. The point where each arrow intersects the x-axis
indicates an E, value of 3.2 eV for NdCoOs, which is slightly higher than that reported by
Kianipour et al. (2.84 eV) [15]. In the case of Ag/NdCoO3, the calculated E; was 2.95 eV; however,
it could not be compared because as far as we know it has not been reported in a prior investigation.
The bandgap narrowing observed in Ag/NdCoOs3 can be attributed to the plasmonic effect of
randomly distributed metal-semiconductor heterojunctions. This narrowing had previously been

observed in dye-sensitized solar cells based on TiO> decorated with gold NPs [41].

3.4 Photocurrent properties of NdCoQO3 and Ag/NdCoOs in ultraviolet light

Photosensors for the ultraviolet region are important to quantify human exposure to this
radiation for preventing skin cancer, cataracts, macular degeneration, and eye cancer, among other
health issues. They also play a fundamental role in military defense by detecting rockets, missiles,
and similar artifacts, which, due to their high kinetic energy, emit radiation in this part of the
electromagnetic spectrum. In chromatography, photodiode array detectors are used to quantify
organic compounds dissolved in drinking water and other liquids. Then, research in UV
photosensor materials and device development is relevant for advanced optoelectronic

technologies. On the other hand, the process for detecting specific radiation is carried out by
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measuring variations in a physical property of a material, such as electrical conductivity, when it
is exposed to various experimental conditions. Common photosensor materials are ZnO, Si, SiC,
diamond, GaN, and ZnSe, among others, while several strategies have been investigated for
improving their performance. Some of them are based on the deposition of micro or nanoparticles
of a noble metal, the fabrication of p-n thin films, or a combination of both methods, to cite a few
examples [42-46]. Given that the first approach can be easily developed and constitutes a direct
and cost-effective method, it was explored in this study.

Fig. 8(a) shows a series of graphs recorded during the exposure of NdCoOs to several on/off
cycles of UV illumination, at room temperature. Each one was obtained using a constant optical
irradiance (E.) in the range 2 - 8 mW/cm?, applying a bias voltage of 1 V. The results show a sharp
increase in photocurrent (/,z) during the first seconds of illumination, with a nearly symmetric
decrease in the absence of light. The variation of photocurrent (Al = liight - Liark) increased from
0.35 nAto 1.73 pA, when E. increased in the selected range, while the baseline current increased
from 1.25 to 1.64 pA. In addition to a rapid variation of 1,, the response pattern was uniform and
reproducible over many on/off periods. The common explanation of this phenomenon consists in
the formation of electron-hole pairs in the semiconductor, caused by its interaction with photons
of a certain energy, which can be expressed by Eq. No. 3:

hv - h*t + e~ 3)

However, a significant amount of that energy is absorbed by the material as heat, which

generates phonons, with a simultaneous increase of electrical conductivity [47]. Furthermore,
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exciton formation in NdCoOs is highly probable, given the absorption of light energy and the
relatively low responsivity values shown later. Furthermore, regardless of the optical irradiance,
in the absence of an applied voltage, charge carrier recombination occurs, resulting in zero
photocurrent.

On the other hand, Fig. 8(b) shows graphs of I,, vs. ¢ recorded in Ag/NdCoO3, using the
same experimental parameters as in NdCoQs. In this case, an increase in ,, of approximately one
order of magnitude can be noticed, having a similar uniform response pattern. It can also be
observed that the baseline current increased accordingly, resulting in Al,, values ranging from 2.8
pA to 8.9 pA. The proposed energy diagram for this material is shown in Fig. 8(c). Since the work
function of silver (®m), which is between 4.17 and 4.74 eV, is smaller than that of NdCoO3 (®s=
4.83 eV), a large electron flow from Ag uPs to the oxide takes place [47-49]. This occurs due to
silver has a high density of free electrons (5.86 x 10?® m?) with a high mobility (5.6 x 10 m?/V's),
making this element an attractive option for metal-semiconductor heterojunctions [50].
Furthermore, the interaction of UV light with Ag pPs promotes the collective oscillation of
electrons, which acquire higher energies, and are known as hot electrons. These electrons
overcome the Schottky barrier, which is indicated in Fig. 8(c) as @y (D = Om - xs), Where y; is the
electron affinity. The photocurrent generated in this way is further enhanced by localized surface
plasmon resonances, which undergo radiative or non-radiative relaxation, where the latter
generates high-energy electron-hole pairs [51, 52]. It is worth mentioning that the size, shape and

distribution of metallic particles attached to the semiconductor plays a key role in the photocurrent
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improvement. In this regard, Sakar el at. reported that random Au NPs deposited on TiO; registered
the highest current density, when exposed to UV light of 365 nm, compared to those obtained from
this oxide having aligned Au slabs on its surface [53].

On the other hand, the responsivity (Rs) of NdCoO3 and Ag/NdCoOs films in UV light was

determined according to Eq. 3 [54].

Alph
- -~ ph 3
$ (Aerf)(Ee) )

Where Al,, was calculated from the graphs shown in Figs. 9(a) and 9(b), respectively, A¢sis
the effective area of the film (()(0.0025 m)?), and E. was in the range of 2 to 12 mW/cm?. For
comparative purposes, these units were converted to W/m?, Table 2 shows the corresponding
results. For NdCoO3, Ry increased steadily from 12.4 X107 to 50 X10™* A/W, while for Ag/NdCoO3
varied from 77.6 X10™ to 109 x10™* A/W, without following a specific trend. The latter suggests
that the formation of metal-semiconductor heterojunctions in this perovskite generates larger and
more stable photocurrents, practically independent of E..

On the other hand, the variation of photocurrent with applied voltage was investigated
through polarization curves while the material was exposed to UV light of E. values ranging from
1 to 10 mW/cm?. Figs. 10(a) and 10(b) show I, - V graphs obtained from NdCoOj3 and Ag/NdCoO:s,
respectively. For NdCoOs, a nearly linear variation of photocurrent with voltage is observed, which
increased from 5 to 21 pA, at +5 V. The left side of this figure shows an analogue trend for 7, at

negative voltages. In the case of Ag/NdCoOs; the behavior was non-linear, at both positive and
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negative voltages, with 7, increasing from 50 to 250 pA at +5 V. This represents an approximate
10-fold increase from that measured for NdCoOs. The non-linear variation of /,» measured in
Ag/NdCoOs3 can be attributed to Schottky barriers, as mentioned above, and its high values are
mainly associated with the generation of hot electrons. Furthermore, when comparing the results
recorded at +1 V in Figs. 10(a) and (b), with those shown in the graphs above, a good agreement
can be observed; however, the application of higher voltages improves the resolution of light

detection.

3.5 Detection of near infrared (NIR) radiation

The detection of NIR radiation (A = 843 nm) by NdCoOs was evaluated at various optical
irradiances, under a bias voltage of 1 V; however, no significant variation of /,; was registered in
multiple on/off cycles. This can be explained by the large difference between the E; of the
perovskite (3.2 eV) and the average energy of the incoming photons (1.47 eV), making the jump
of charge carriers from the valence to the conduction band unlikely. Conversely, Fig. 11 shows a
typical s vs. t graph recorded in Ag/NdCoOs, using an E; of 10 mW/cm? and 1 V of applied
voltage. In this case, an I, of ~2.2 A was measured, which represents a great difference compared
to the silver-free material. This result indicates that, in addition to the enhanced UV detection
performance of Ag/NdCoOs, the absorption bandwidth was broadened through the plasmonic
effect, enabling the detection of low-energy radiation. The bandwidth widening by the plasmonic

effect has also been of great importance in photovoltaic cells; for example, Sung et al. have
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reported a significant improvement in the power conversion efficiency (PCE) of solar cells,
resulting from the plasmonic absorption band broadening produced by gold nanorods in ZnO [55].
Analogously, Wu et al. found that silver NPs of irregular shape improve the PCE of perovskite
solar cells by the broad-band enhanced plasmonic effect [56]. Furthermore, with a similar objective,
Li and coworker proposed for infrared photodetectors an array of gold nanostructures deposited

on n-type Si substrates operating by the plasmonic effect [57].

3.6 Thermoelectric properties

To determine the effect of temperature on the electrical conductivity of NdCoOs; and
Ag/NdCoOs3, measurements were carried out from 320 to 670 K, in the absence of light; Fig. 12(a)
shows the corresponding plots obtained with a DC voltage of +0.5 V. This voltage was lower than
that used in previous photocurrent characterization due to the high current values registered at high
temperature. The graphs show that both materials have a similar behavior, with a strong
dependence of o with 7, characteristic of semiconductors [47]. These results are partially
consistent with those published by Dudnikov et al., who measured o in the 300 - 800 K range;
however, the changes in slope appearing in each graph of Fig. 12(a), at approximately 350 and 620
K, are not observed in their results [24]. According to Thornton et al. the inflection points observed
in ovs. T plots of NdCoOjs reflect the transition from semiconducting behavior at low-temperature

to metallic conductivity, observed above 600 K [19]. This behavior is a characteristic of many
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rare-earth cobalt perovskites. Subsequently, Capon et al. confirmed these results in NdCoOs3 thin
films prepared via magnetron sputtering [25].

For Ag/NdCoO3 a slight improvement in o can be observed at low temperatures, confirming
the difference in the dark currents of previous photocurrent results. However, this difference
virtually disappears at high temperatures, indicating a marginal effect of silver doping, and where
the semiconducting properties of NdCoO3 predominate. It is worth mentioning that the applied
voltage plays a key role in this characterization, Fig. 12(b) shows ovs. T graphs recorded at +0.5V
(already shown in Fig. 12(a)) and that recorded at +0.1 V. In the latter, a significant decrease of ¢

is observed in the entire temperature range being more pronounced at low temperatures.

Conclusions

Rare-earth cobalt perovskites possess unique electrical and optoelectronic properties that, in
many cases, surpass those of perovskites containing iron, chromium, nickel, or other transition
metals. Regarding the rare-earth element contained in cobalt-based perovskites, Dudnikov et al.
have found that the conductivity follows the next order: ond > Gsm > GGd > OTb > GOpy, making
NdCoOs an interesting and relatively unexplored option for photosensing applications. To improve
these properties, a cost-effective and convenient strategy consisting in decorating its surface with
Ag uPs was investigated. Among the noble metals, silver possesses important characteristics, such
as the highest electrical conductivity, low price, and can be easily incorporated into the host

perovskite without oxidizing during the synthesis process. The strong exothermic reaction between

17



the metal nitrates and organic media when exposed to microwave radiation was used in this work
to synthesize the target compounds. This process provides a fast and direct route to prepare many
ceramic materials, without intermediate calcination steps. The structural and chemical
characterization revealed that materials were well crystallized and free of impurities or secondary
phases. On the other hand, the photocurrent measurements performed on NdCoOs show a large
sensitivity to UV light, which significantly increases for Ag/NdCoOs due to hot electron plasmonic
effect. Polarization curves confirm the quantitative detection of UV light, which can be improved
by increasing the applied bias voltage. Finally, NIR radiation detection was achieved solely with
Ag/NdCoOs, due to the widening of the detectable wavelength range resulting from plasmonic

effect.
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Figure captions

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9
Figure 10
Figure 11

Figure 12

Drawing of the experimental setup used for photocurrent measurements.

XRD patterns of Ag/NdCoOs and NdCoOs3 synthesized by the microwave-assisted
combustion method.

Microstructure and chemical composition of NdCoOs: (a) and (b) FESEM images
obtained at different magnifications, and (c) EDS spectrum.

Morphology of Ag/NdCoOs: (a) Low magnification FESEM photo, (b) Random
distribution of Ag uPs, (c) Chemical analysis obtained by EDS, and (d) SEM image of
a typical area of the sample and the corresponding mapping of Nd, Co and Ag.

XPS results obtained from NdCoOs3: (a) Survey scan, (b) Neodymium 3d3» and 3ds»
peaks, (c) Cobalt 2p12 and 2p3.2, and (d) Oxygen signals.

XPS spectra of Ag/NdCoOs: (a) Wide scan, (b) Nd 3d3» and 3dsp, (¢) Co 2pi12 and
2p3n, (d) O 1s, and (e) Ag 3d3» and 3ds peaks.

Optical bandgap energy of NdCoO3 and Ag/NdCoOs.

Ly, vs. t graphs obtained from (a) NdCoOs and (b) Ag/NdCoOs3, in UV light at different
optical irradiances, and (c) Proposed energy band diagram for Ag/NdCoOs.
Responsivity graphs obtained in UV light from (a) NdCoOs3 and (b) Ag/NdCoO:s.

Lyp vs. V curves acquired from (a) NdCoO3 and (b) Ag/NdCoO; films in UV light.
NIR response measured in Ag/NdCoOs.

o vs. T graphs acquired from (a) NdCoOsz and Ag/NdCoOs at 0.5 V, and (b)

29



Ag/NdCoO3at 0.1 and 0.5 V.
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Table caption
Table 1 Summary of preparation methods and characteristics of the resulting materials.
Table 2 Responsivity calculated at various optical irradiances from 20 to 120 W/m? for NdCoOs

and Ag/NdCoOs.
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Table 1

Method Reagents Crystal Morphology/size |Calcination | Ref.
Structure (°C)
Coprecipitation Nd, Co hydroxides, HNO3 Cubic Agglomerated NPs 900 14
Coprecipitation Co(CH3C0,)2-4H,0 Cubic pPs (100-400 nm) 800 15
Nd(NO3)3-6H,0, H,O, C,HsOH
Sol-gel Nd, Co nitrates, H,O, urea Cubic N/A 1100 16
Coprecipitation NdCl;-nH,0O, CoCl,'nH,0, H,O Orthorhombic pPs (80-320 nm) 1000 17
Citrate Nd, Co nitrates, citric acid Orthorhombic uPs (20-300 nm) 900 18
Thermal NdCl3nH,0, K3[Co(CN)s] Orthorhombic N/A 922 19
decomposition
Solid-state reaction Nd,03, CoCO;3 N/A N/A 1127 20
Citrate Nd, Co nitrates, EDTA Cubic Porous solid 1100 21
Solid-state reaction Nd,03, Co304 Orthorhombic N/A 1200 22
Solid-state reaction Nd,0s3, Co304 Cubic N/A 1000 23
Solid-state reaction Nd>03, Co304 Orthorhombic Grain size > 5 pm 1100 24
Magnetron sputtering Nd, Co Orthorhombic Films 500 nm thick 550 25
Salt-assisted Nd, Co nitrates, NaCl, glycine Orthorhombic | Polyhedral NPs <200 700 26
combustion nm
Molten salt NdCl;3-6H20, CoCl>:6H,0, NaOH | Orthorhombic | Particles (0.5-20 pum) 1100 27
Glycolate sol-gel Nd03, acetic acid, Co(NO3):6H,0, Cubic pPs (100-500 nm) 1000 28
Electrospinning Nd nitrate, CoAc-4H,0, PVP, N, N- | Orthorhombic Fibers 256 nm 700 29
dimethylformamide diameter
Microwave-assisted | Nd, Co nitrates, AgNOs, H,O, PVA Cubic pPs (120-300 nm) - This

combustion

work




Table 2

Ry (X10™* A/W)
E.(W/m?) NdCoO; | Ag/NdCoOs
20 12.4 98.7
40 16.6 95
60 20.3 84.7
80 25 77.6
100 32 92
120 50 109
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