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A B S T R A C T   

Sodium niobate (NaNbO3) is a semiconductor with many potential technological applications and, among them, 
it is considered a promising photocatalyst. However, it only absorbs ultraviolet light, limiting its use in light- 
dependent processes. Therefore, in this work we synthesized NaNbO3 nanoparticles quickly and used them to 
prepare a NaNbO3/Eumelanin composite with photocatalytic activity under visible light. Eumelanin was 
extracted from human hair and is a pigment responsible for the brown-black coloration, abundant in fauna and 
flora. The results showed that the composite successfully degraded the Rhodamine B dye. Therefore, this study 
presents a photocatalyst solution with better use of light and serves as inspiration for the development of new 
photocatalysts.   

1. Introduction 

Sodium niobate (NaNbO3) is a semiconductor with many potential 
technological applications and, among them, photocatalysis [1–13]. It is 
considered a promising photocatalyst since it is thermodynamically 
stable, corrosion resistant and non-toxic [3,7]. However, the natural 
shape of its particle is cubic with low with low photocatalytic activity, 
but researchers have demonstrated that it is possible to obtain nano-
wires with high photocatalytic activity [5,12,13]. Another shape parti-
cle in nanoscale was presented by Farooq et al. [11] through the method 
polymeric citrate precursors for 22 h and calcination for 12 h, with high 
photocatalytic activity. In addition, it only absorbs ultraviolet light, 
limiting its use. Thus, to make the most of solar radiation, also pro-
moting efficiency in the separation of photoinduced charges, NaNbO3 
was combined with other materials, forming heterostructured photo-
catalysts. The literature has shown great advances in photocatalytic 
processes using the strategy of building heterostructures [14–18]. Ma-
terials such as Cu2O, Cu, Au, BiOI, Ag2O, Ag2SO3, and Bi2WO6 were 
combined with NaNbO3 for this purpose [19–25]. Nevertheless, the use 
of these metals ends up not being economically favorable. 

Eumelanin is a pigment present in abundance in fauna and flora, 
responsible for the black-brown color. It is composed of disordered 
heteroaromatic networks based on 5,6-dihydroxyindole (DHI) and 5,6- 
dihydroxyindole carboxylic acid (DHICA) building blocks, which are 
catechol-derivatives [26–28]. It has many physicochemical properties, 
of particular interest here is a wide optical absorption ranging from UV 
to near-infrared (NIR), redox activity and metal-chelating capability 
[28–30]. Eumelanin and a similar polymer polydopamine (PDA) have 
been considered in different application [31–38]. In photocatalytic ap-
plications, composites with TiO2, Cds, CuO2, BiOBr, and MIL-53(Fe) 
were reported [28,39–50]. 

Considering the above, we present a rapid method to synthesize 
NaNbO3 nanoparticles similar to nanograins. These nanoparticles were 
used to prepare for the first time a NaNbO3/Eumelanin composite with 
photocatalytic activity under visible light. The photocatalytic activity 
was analyzed through the degradation of Rhodamine B (RhB), a dye 
widely used in industry and highly toxic [51]. 
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2. Experimental 

2.1. NaNbO3 synthesis 

An aqueous solution of NaOH (Merck, 99.0%) and NbCl5 (CBMM, 
99.0%) with concentrations of 6 M and 0.6 M, respectively, was taken to 
an adapted microwave oven (800 W, PANASONIC) for 15 min at 180 ◦C. 
The obtained precipitate was washed and centrifuged until the pH was 
neutralized and then dried in an oven. Finally, the powder was sub-
mitted to thermal treatment at 800 ◦C for 2 h and naturally cooled. 

2.2. Eumelanin extraction 

Eumelanin was extracted from dark brown human hair using the acid 
isolation method [33]. 2 g of clean hair was immersed in HCl (37%, 70 
mL) at 100 ◦C for 3 h. Finally, the Eumelanin was collected by centri-
fugation and washed until solution had a neutral pH and then dried in an 
oven. 

2.3. Preparation of NaNbO3/Eumelanin composite 

The composite was prepared according to the method reported by 
Xie. et al. [35]. A solution of 50 ml of ethanol, 4 mg of Eumelanin and 16 
mg of NaNbO3 was sonicated for 30 min and stirred for 5 h at room 
temperature. The homogeneous suspension was dried in an oven. 

2.4. Sample characterization 

X-ray diffraction was performed in a diffractometer (Ultima IV, 
RIGAKU) with Cu-Kα radiation (λ = 1.5406 Å), scanning of 10◦/min. 
Raman spectroscopy were done using a micro-positioning system 
(B&WTek, RAMAN PROBE) and monochromator (Shamrock 303i, 
ANDOR) with 532 nm excitation. High resolution images were taken 
using Scanning Electron Microscope, (JSM7500F, JEOL). Optical ab-
sorption spectra were obtained using a UV–Vis–NIR spectrometer 
(Lambda 1050, PERKIN ELMER). The valence band top potential was 
estimated by X-ray photoelectron spectroscopy (XPS) using a spec-
trometer (ESCA+, SCIENTIA OMICRON) with a high performance 
hemispherical analyzer (EAC2000) and monochromatic Al-Kα radiation 
(hν = 1486.6 eV). In addition, we evaluated the photoluminescence and 
textural properties of samples (supplementary data file). 

2.5. Photocatalytic activity 

The photocatalytic activity was evaluated under visible irradiation, 
using a 100 W LED (MEGAACE, 400 nm < λ < 800 nm, int. máx at 458 
and 538 nm). The photocatalytic reaction was carried out with 10 mg of 
the photocatalyst dispersed in 50 mL of RhB solution (5 mg.L-1), under 
magnetic stirring at room temperature, which was first stirred for 1 h in 
the dark. The variation in RhB concentration was recorded by absor-
bance, using a UV–Vis spectrophotometer (SP200 UV, BEL 
PHOTONICS). 

3. Results and discussion 

Fig. 1a show the XRD of NaNbO3 sample. The peaks shown in the 
diffractogram are characteristic of the orthorhombic phase, space group 
P21ma (JCPDS card files, 82–606). In addition, the mean value of the 
crystallographic domains was estimated by the Scherrer equation, 
resulting 27.43 nm. The NaNbO3 obtained presents particle shape 
similar to nanograins, with an average size of ~28 nm (Fig. 1b). 

Fig. 2a shows the Raman spectrum of the extracted Eumelanin. It is 
possible to observe two bands around 1358 and 1588 cm− 1, which are 
characteristic of disordered graphitic materials, the D and G bands, [35, 

Fig. 1a. XRD of the NaNbO3.  Fig. 1b. SEM of the NaNbO3.  

Fig. 2a. Raman spectra of the Eumelanin.  
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52]. Studies indicate that melanin has a graphene sheet-like structure 
with high-density of vacancy defects [52]. Through deconvolution, 
using the Gaussian function, four vibrational modes are also observed 
assigned to their functional groups. The band at ~1344 cm− 1 corre-
sponds to the C–OH phenolic stretching (DHI/DHICA) and C–O 
stretching of the carboxylic acid, the band at ~1484 cm− 1 is attributed 
to the C–N group in the IQ, band at ~1574 cm-1 is attributed to the C––N 
stretching (in SQ) or the N–H bending vibration (in IQ) and the band at 
~1600 cm− 1 corresponds to aromatic C––C bond in the indole structure 
[35,53]. Fig. 2b shows the basic units of Eumelanin DHI and DHICA and 
their redox forms (5,6-indolequinone (IQ) and semiquinone (SQ)) [35, 
53]. The extracted Eumelanin presents ellipsoidal shaped particles, with 
principal axis of ~400 nm and ~1 μm (Fig. 2c), in good agreement with 
literature [35,54,55]. 

Fig. 3a shows the optical absorbance spectra of the samples. NaNbO3 
shows intense absorption in the UV region only and Eumelanin has a 
broadband absorption spectrum, due to the overlap of a range of ab-
sorption peaks of the DHI and DHICA oligomers [56,57]. In Eumelanin, 
the electronic states do not have a definite low-energy edge for optical 
absorption, but tail states [30,56]. Its band gap is associated with the 
transitions π-π* between molecular orbitals in HOMO (highest occupied 
molecular orbital) and LUMO (lowest unoccupied molecular orbital) 
[39,45,56]. The composite maintains the broadband absorption of 
Eumelanin (Fig. 3a), a little reduced due to NaNbO3 nanoparticles that 
decorate its surface (Fig. 3b), by Van der Waals interactions, which is 
possible due to its strong affinity for metallic cations. 

The photocatalytic activity of the samples was evaluated through the 
photo-induced degradation of RhB, where C0 and C indicate the initial 
concentration and concentration at a specific time (h), respectively 
(Fig. 3c). It is observed that only the NaNbO3/Eumelanin composite 
showed photocatalytic activity, inducing ~96% of dye degradation in 5 
h. Although Eumelanin presents high absorption in the visible range, its 
photocatalytic activity is unsatisfactory. This is because the π-system 
allows for high mobility of charge carriers, wich can easily recombine. 
To better understand the dye degradation mechanism, experiments to 
identify the active species were performed. For this, isopropyl alcohol 
(C3H8O), silver nitrate (AgNO3), and disodium ethylenediaminetetra-
acetate (EDTA) were used as scavengers for hydroxyl radicals (⋅OH), 
electrons (e− ), and holes (h+), respectively. Fig. 3d shows the percen-
tual of RhB degradation with the presence of scavengers at the end of 5 
h. It is observed that the addition of EDTA and C3H8O inhibited the 
degradation of the dye, indicating that the main active species during 
the photocatalysis process are h+ and ⋅OH. In contrast, the addition of 
AgNO3 no change in the percentual, indicating that the e− are not active 

Fig. 2b. DHI, DHICA, SQ and IQ structures.  

Fig. 2c. SEM of the Eumelanin.  

Fig. 3a. Optical absorbance spectra of the samples.  

D. Fernandes et al.                                                                                                                                                                                                                              



Ceramics International 49 (2023) 7099–7104

7102

species. In addition, a reuse test was carried out. After three successive 
cycles, the composite maintained the same photocatalytic efficiency, 
demonstrating that it can be considered a stable photocatalyst. 

Based on the results, a possible mechanism is proposed (Fig. 3b). 
Under visible light irradiation, only the electrons of Eumelanin are 
excited, from HOMO to LUMO, forming an electron/hole pair (e− /h+). 
The electrons in LUMO are injected into the CB, due to the potential 
difference. The electrons in the CB can react with oxygen (O2) to pro-
duce superoxide radical (•O2-), that can react with water (H2O) to 
produce •OH. Meanwhile, h+ in LUMO can react with H2O or hydroxyl 
anion (•OH-) to generate •OH and also directly oxidize the RhB dye. 
With this, an efficient separation of charge and a slower recombination 
are achieved, resulting in a significant increase in photocatalytic activ-
ity. This agrees with the results obtained in the experiment of active 

Fig. 3b. Schematic illustration of the possible mechanism for photodegradation of the RhB, under visible light and SEM-FEG of the NaNbO3/Eumelanin composite.  

Fig. 3c. Photocatalytic degradation of the RhB under visible light irradiation.  

Fig. 3d. Percentage of RhB degradation using scavengers.  

Fig. 4a. Valence-band XPS spectra of the NaNbO3.  
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species (Fig. 3d) and also with the photoluminescence analysis (Fig. S1). 
Potentials of edge of NaNbO3 were determined by the equation Ecb 

= Evb – Eg, where Ecb is potential of the bottom of the CB, Evb is the 
potential at the top of the VB and Eg is the band gap energy. According to 
XPS, Evb is +2.40 eV (Fig. 4a). The band gap was estimated in 3.60 eV 
(Fig. 4b), by the Wood/Tauc method [58], resulting in − 1.20 eV the Ecb. 
The direct location of the HOMO and LUMO of the natural Eumelanin is 
very difficult to determine due to its structural and energetic disorder. 
Because of this, researches asume that it is close to that of PDA [59]. The 
LUMO of the PDA is estimated at − 1.4 eV [42,48,60]. Thus, the LUMO of 
Eumelanin is more electronegative than the CB of NaNbO3 making it 
possible to transfer charges in the NaNbO3/Eumelanin composite, as 
proposed in Fig. 3b. 

4. Conclusions 

In this work, NaNbO3 nanograins were obtained by microwave- 
assisted hydrothermal method followed by heat treatment. The nano-
particles were used to prepare a NaNbO3/Eumelanin composite with 
photocatalytic activity under visible light. The results showed that pure 
NaNbO3 and pure Eumelanin do not show photocatalytic activity, while 
the composite was able to successfully degrade the RhB dye. The het-
erostructure promoted efficient separation of photogenerated charges 
and slower recombination, resulting in a significant increase in photo-
catalytic activity. Therefore, this study presents an alternative photo-
catalyst that uses visible light and widely available elements, serving as 
inspiration for the development of new photocatalysts. 
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Pesquisa em Ciência e Engenharia de Materiais (NAPCEM-UNIFESP 
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