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ABSTRACT 

As a photocatalyst, barium titanate (BaTiO3) has shown a great potential in 

photocatalytic water splitting for hydrogen evolution. In this work, BaTiO3 

nanoparticles were synthesized at room temperature conditions under ambient 

pressure. The small particle size below 10 nm plays a key role in suppressing the 

recombination of photo-induced carriers, and thus promoting the photocatalytic 

activity. The photocatalytic hydrogen evolution rates of BaTiO3 (BTO-R) synthesized 

at room temperature are 8 and 2.9 times that of commercial BaTiO3 (BTO-C) in the 

presence and absence of triethanolamine (TEOA) as a sacrificial agent, respectively. 

This work provides a good example on size control, low-cost synthesis and 

photocatalysts’ design. 

Keywords 
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Nanoparticle. 
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1 Introduction 

  Photocatalytic hydrogen evolution has been drawing enormous attention in recent 

years for its low cost and environmental friendship in solving the energy shortage 

through facile solar to chemical conversion [1-4]. An ideal photocatalyst must meet 

the requirements that include wide range optical utilization, effective separation of 

photo-generated carriers and high-efficient surface redox reaction [5-8]. The 

photocatalytic efficiency of semiconductors is mainly determined by the coordination 

and balance of thermodynamics and kinetics [9-11]. Titanium dioxide (TiO2) as a 

popular and first reported photocatalyst used in hydrogen evolution, CO2 reduction 

and environmental applications has been extensively investigated [12-15]. TiO2-based 

photocatalysts supply the merits of low cost, low toxicity, and high physicochemical 

stability. Various works of advanced TiO2-based semiconductors have been conducted 

in relation to increasing photo-conversion efficiency [16]. However, by contrast with 

perovskite-type oxides (ABO3), the limited diversities in chemical compositions and 

internal structures hinder the development and application of TiO2 in environment and 

energy fields [17]. Therefore, the perovskite oxides are regarded as one of promising 

materials on photocatalysis and have gained extensive attention in recent years [18]. 

For example, novel perovskite SrTiO3-Ba2FeNbO6 Solid Solution [19], La/Cr 

co-doped CaTiO3 [20], LaCoO3 co-catalyst for CO2 reduction [21], PbTiO3/TiO2 as 

ferroelectric oxide heterostructures [22] and so on. 

  Barium titanate (BaTiO3), a common perovskite oxides with a band gap energy of 

about 3.2 eV, has the ability to split water into hydrogen and oxygen for its 

appropriate conduction- and valence- band position compared with the redox 

potentials of H+/H2 and O2/H2O [23, 24]. Electrons with high reduction power in the 

conduction band (CB) and holes with sufficient oxidation ability in the valence band 

(VB) are generally required for efficient photocatalytic reactions [25]. Due to its 

unique physical and chemical properties, a mass of researches have been carried out 

to overcome the limitations that hamper the enhancement of photocatalytic efficiency 

[24, 26, 27]. Among the factors that affect the photocatalytic activities of BaTiO3, a 
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relatively high recombination rate of photo-excited holes and electrons is the main 

reason that leads to a poor efficiency of photocatalytic reaction [28]. Thus, some 

effective approaches have been explored to promote the separation and migration of 

photo-generated carriers, such as noble metal loading, ion doping, heterogeneous 

structure and size/morphology control [23, 25, 29-31]. 

  High specific surface area through controlling the morphology or grain size could 

increase the surface accessibility of photocatalysts, and thus improve the utilization of 

photo-induced electrons and holes [32-34]. Small size particles or low-dimension 

materials enable shorter diffusion distance of electrons and holes which could 

facilitate the surface redox reaction as compared to their bulk counterparts [35, 36]. 

Various synthetic techniques have been applied in controlling particle size, including 

solvothermal, sonochemical and wave-assisted hydrothermal methods in recent years 

[37-39]. It is well-known that most of these methods demand harsh reaction 

conditions such as good quality equipment, high temperature or high pressure [40, 41]. 

Therefore, for the purpose of meeting the requirements of industrial application, it is 

highly competitive to make use of a facile and simple synthetic technology at room 

temperature under ambient pressure conditions. Our group has demonstrated that 

BaTiO3 can be prepared at room temperature [42]. However, the photocatalytic 

activity of this room temperature synthesized BaTiO3 nanoparticle has not been 

discussed. 

Herein, in this work, BaTiO3 nanoparticles have been facilely synthesized at room 

temperature conditions under ambient pressure using ethanediamine (EDA) as solvent. 

The small particle size below 10 nm plays a key role in suppressing the recombination 

of photo-induced carriers, and thus promoting the photocatalytic activity compared 

with commercial BaTiO3. The photocatalytic hydrogen evolution rates of 

room-temperature synthesized BaTiO3 (BTO-R) are 8 and 2.9 times that of 

commercial BaTiO3 (BTO-C) in the presence and absence of triethanolamine (TEOA) 

as a sacrificial agent, respectively. The specific characterizations and photocatalytic 

mechanisms have been discussed. This work provides a better reference for other 

works on the size control, crystal growth and design of photocatalysts. 
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2 Experimental section 

2.1 Preparation 

BaTiO3 nanoparticles were synthesized at room temperature using 

enthylenediamine (EDA) as solvent. All reagents were analytical stage without further 

purification. Typically, 50 mmol of tetrabutyl titanate (C16H36O4Ti) was firstly 

dissolved in 100 mL ethylene glycol monomethyl ether (HOCH2CH2OCH3), followed 

by the addition of ammonium hydroxide (NH3·H2O) to obtain titanium hydroxide. 

The titanium hydroxide precipitate was filtered and washed with distilled water 

several times for subsequent use. At the same time, Ba(CH3COO)2 aqueous solution 

(20 mL 2.5 M) was dispersed in a 300 mL of EDA stirring for 4 h. Then 

Ba(CH3COO)2/EDA solution and KOH (20 mL 2.5 M) were put into the titanium 

hydroxide precipitate in sequence under stirring. After stirring for 48 h at room 

temperature under ambient pressure, the resultant product was washed with distilled 

water several times, and then dried at 80°C for 12 h, namely BTO-R. The Commercial 

BaTiO3 (BTO-C) bought from SIGMA-ALDRICH Corporation was used as a 

comparison sample. 

2.2 Characterization 

The crystalline phase of as-obtained BaTiO3 nanoparticles was examined by X-Ray 

powder diffraction (XRD) on a PANalytical X’Pert PRO X-ray powder diffractometer 

with monochromatic Cu Kα radiation in the range of 10-90°. The field emission 

scanning electron microscopy (SEM) and transmission electron microscopy (TEM) 

with an energy dispersive X-ray spectrometer (EDX) for elemental analysis were 

performed on Hitachi SU-70 and Tecnai G2 F20, respectively. UV-vis diffuse 

reflectance spectra were collected with a spectrophotometer (Persee TU-1900) using 

BaSO4 as the reflectance standard. Photoluminescence (PL) spectra were recorded by 

fluorescence spectrometer (Edinburgh instruments FLS920) with an excitation 

wavelength of 325 nm. The specific surface area was determined by the the Brunauer- 

Emmett-Teller (BET) method from N2 adsorption isotherms (Quantachrome 
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AUTOSORB-IQ2-MP). X-Ray photoelectron spectra (XPS) were recorded on an 

Escalab 250Xi for the surface electronic states. 

2.3 Photocatalytic reaction 

Photocatalytic reaction was carried out in a closed circulation system mainly 

consisting of vacuum system, cooling water, and gas analysis device (Labsolar-IIIAG 

photocatalytic system, Beijing Perfectlight Technology Co. Ltd). The samples (0.05 g) 

were dispersed in a quartz reaction cell filled with 100 mL of aqueous solution. Prior 

to irradiation, the reaction system was evacuated and then flowed with Ar gas to 

remove the dissolved oxygen. The reaction was proceeded under the illumination of a 

UV Xe lamp (200-400 nm). The produced hydrogen was analyzed through an on-line 

gas chromatograph with a TCD detector (GC9790, FULI). The Pt loading on the 

photocatalysts was prepared by chemical reduction method using H2PtCI6·6H2O and 

NaBH4 as precursor and reducing agent, respectively. After continuous ultrasonic 

oscillation for 30 min, the samples were washed by water and ethanol several times 

and dried at 80 °C in the oven for overnight. 

 

 

3 Results and discussion 

  Fig. 1 shows the XRD patterns of BaTiO3 samples. The diffraction peaks of BTO-C 

and BTO-R can be well indexed to the perovskite phase (JCPSD No. 74-1967) with 

the space group of Pm-3m. The BTO-R exhibits broad diffraction peaks compared 

with BTO-C, indicating the formation of small size nanoparticles. For BTO-R 

prepared at room temperature, the lower diffraction peak intensity can be ascribed to 

low crystalline degree compared with BTO-C, which is common in materials with 

small crystal sizes. The average crystallite size was about 7 nm calculated by the 

Debye-Scherrer formula. Furthermore, it could be observed that the diffraction peaks 

of BTO-R shift toward lower angles, which is related to their synthesis process and 

the corresponding different crystal parameters. 
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Fig.1 XRD patterns of (a) all samples, (b) room temperature synthesized BaTiO3 (BTO-R) (the 

blue lines represent the positions of standard diffraction patterns of the BaTiO3 (JCPSD NO. 

74-1967)). 

 

  The difference in crystalline size for the sample BTO-C and BTO-R could also be 

seen in SEM images obviously (Fig. 2a and Fig. S1). The BTO-C sample consists of 

large-size crystalline particles (around 500 nm) with irregular morphology (Fig. S1). 

It is obvious that the crystal size of BTO-R was smaller than that of BTO-C as shown 

in Fig. 2a. TEM was employed to further study the microstructure of BTO-R. A 

low-magnification TEM image was shown in Fig. 2b, from which we can see that 

room temperature synthesized BaTiO3 (BTO-R) was composed of mutually 

aggregated nanoparticles with the size of 5-10 nm. This result is consistent with XRD 

analysis. According to our precious study, the high activity of the titanium hydrous gel 

and the high basicity of the solvent play a significantly important role in room 

temperature synthesis. The organic solvent of EDA adsorbed on the surface of 

particles was able to confine the crystal growth. Meanwhile, the ambient temperature 

results in a low diffuse coefficient compared with high temperature reaction, thus 

leading to the BaTiO3 particle with small size.[42] The particle size plays a key role in 

promoting photocatalytic activities which can be seen in the following section. The 

high-resolution TEM (HRTEM) reveals the lattice fringes of about 0.297 nm 
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corresponding to the (110) plane of cubic BaTiO3 (Fig. 2c). The interplanar crystal 

spacing of BTO-R is larger than that of PDF card (0.287 nm), which is in consistent 

with XRD results according to Bragg equation. The indexed selected area electron 

diffraction pattern (SAED) reveals that the room temperature synthesized 

nanoparticles are well crystallized with the cubic perovskite phase, which is aslo 

confirmed by HRTEM result. The contrast on crystal size are also reflected in the 

surface area (Fig. S2). The specific surface area of BTO-R sample is 120.98 cm2/g, 

which is larger than the BTO-C sample (2.11 cm2/g).

 

Fig. 2 the electron microscopy images of room temperature synthesized BaTiO3 (BTO-R): (a) 

SEM, (b) low-magnification TEM, (c) high-resolution TEM and (d) selected area electron 

diffraction (SAED). 

 

   In order to evaluate the surface state of BaTiO3 samples, X-ray photoelectron 

spectroscopy (XPS) measurements were carried out and the corresponding results are 

displayed in Fig. 3. The peaks of Ba, Ti and O are presented in the survey spectrum 

which can be seen in Fig. 3a. Two band peaks located at 793.9 eV and 779.6 eV can 
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be assigned to Ba 3d3/2 and Ba 3d5/2 signals, respectively (Fig. 3b) [43]. In addition, 

the spectrum of Ti 2p is mainly made up of two characteristic peaks, Ti 2p1/2 at 463.8 

eV and Ti 2p3/2 at 458.0 eV, indicating the chemical valence of Ti4+ in the as-obtained 

room temperature synthesized BaTiO3 samples (Fig. 3c) [44]. The O 1s signal 

displays three components corresponding to oxygen in BaTiO3, CO3
2- and hydroxyls 

(Fig. 3d) [45]. Based on the above analysis, the results of the XPS spectra 

demonstrate the formation of well-crystalline BaTiO3 in the room temperature 

condition. 

 

Fig. 3 XPS spectra of samples: a) survey, (b) Ba 3d, (c) Ti 2p and (d) O 1s. 

 

  The optical properties of the obtained BaTiO3 samples were characterized by 

UV-vis diffuse reflectance spectra at room temperature. As shown in Fig. 4a, the 

absorption edges of BTO-C and BTO-R locate at about 394 nm and 384 nm, 

respectively. It is interesting that BTO-R shows a lower optical absorption range 

compared with BTO-C because of the size effect of nanomaterials. Meanwhile, the 

band gaps of samples are estimated from the Tauc plot of (αhν)	�/	 versus hν 
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according to 

(αhν)	
 = 	A(hν − E�) 

where α, h, ν, A, and E� represent the absorption coefficient, Plank constant, light 

frequency, proportionality and band gap, respectively [46]. The factor �			is related to 

the optical transition of a semiconductor where �=1/2 for direct transition and �=2 

for indirect transition. The value of �=2 is corresponding to our samples because 

cubic BaTiO3 is an indirect semiconductor confirmed by previous report [47]. Herein, 

the band gaps of BTO-C and BTO-R are estimated to be 3.27 eV and 3.38 eV, 

respectively (Fig. 4b). PL spectra were provided to investigate the migration and 

separation efficiency of photo-induced holes and electrons. In Fig 4c, the broad 

emission band centeres at around 438 nm for both BaTiO3 samples with an excitation 

wavelength of 325 nm. The as-prepared BTO-R sample exhibits a lower PL intensity 

compared with BTO-C sample, implying that the recombination rate of photo-excited 

carriers is efficiently restrained. For these nanoparticles with smaller size, more 

photo-generated carriers are easy to migrate from inner part of particles and take part 

in surface redox reaction, further promoting the photocatalytic performance. 

 

Fig. 4 optical properties of samples: (a) diffuse reflectance spectra, (b) the optical 

transition type determination and (c) photoluminescence spectra (Pt loaded samples). 

 

  The photocatalytic hydrogen evolution of BaTiO3 samples were studied under UV 

light (200-400 nm) illumination (Fig. 5a). With the assistance of TEOA as a 

sacrificial reagent, the H2 production rate of BTO-R sample is 789.7 umol/g/h, which 

is about 8 times that of commercial BaTiO3 (BTO-C, 98.5 umol/g/h). Meanwhile, 

BTO-R sample exhibits a better photocatalytic hydrogen production from pure water 
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without any sacrificial agent as shown in Fig. 5b. Furthermore, BTO-R sample 

performs a better photocatalytic H2 evolution after 4 cycles under UV light irradiation 

compared with BTO-C sample (Fig. 5c). By comparing the XRD patterns and TEM 

images before and after UV irradiation (Fig. S3), it can be found that the BTO-R 

sample keeps a good crystal structural integrity after long time illumination. The peak 

of BaCO3 may result from the reaction of Ba2+ and CO2. It is well known that the 

optical response range and the recombination rate have a significant impact on the 

final photocatalytic efficiency. Because of the size effect, in comparison with BTO-C 

sample, the BTO-R shows a lower optical absorption ability which is negative to the 

photocatalytic performance. Usually, materials with low crystallinity always have a lot 

of defects that influence the final photocatalytic activity [48]. If we normalize the 

specific surface area, it can be found that the photocatalytic hydrogen generation rate 

per SBET of BTO-R (6.5 umol/g/h/SBET) is far lower than BTO-C (46.7 umol/g/h/SBET). 

So the defects in the BTO-R act as charge carrier recombination center and suppress 

the photocatalytic performance to some extent [49]. Based on the above analysis, for 

the BTO-R sample, its light absorption range and structure defects have adverse effect 

on photocatalytic performance. Therefore, the small particle size and large specific 

surface area play a key role in enhancing its hydrogen evolution rate by promoting the 

separation of photo-induced carriers and providing more reactive sites. As a matter of 

fact, in the previous reports the BaTiO3 photocatalyst was mainly studied for the uses 

in dye degradation [25, 28, 29, 50]. So this work provides an important example for 

BaTiO3 as a photocatalyst for splitting water into H2 with low-cost synthesis. 

 

Fig. 5 photocatalytic hydrogen evolution of samples (catalyst: 50 mg, 0.38 wt.% Pt as 

co-catalyst): (a) in the presence of TEOA (10 vol.%), (b) without TEOA, and (c) cycle 
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experiments 

 

4 Conclusions 

  In summary, BaTiO3 nanoparticles (~7 nm) have been synthesized at room 

temperature conditions under ambient pressure. Because the particle size is lower than 

that of commercial BaTiO3, there are more photo-induced carriers migrating from 

inner part of particles to participate in the surface photocatalytic reduction reaction. 

Under UV light irradiation, the room temperature synthesized BaTiO3 (BTO-R) shows 

a better photocatalytic hydrogen evolution ability, which is 8 and 2.9 times that of 

commercial BaTiO3 in the presence and absence of TEOA as a sacrificial agent, 

respectively. This work provides a good example on size control, low-cost synthesis 

and photocatalysts’ design. 

 

Acknowledgments 

This work was supported by National Natural Science Foundation of China (grant 

number: 11234011, 11327901, 51102208), and the Fundamental Research Funds for 

the Central Universities (2014QNA4008，2017QNA4011). 

 

References 

[1] F. Wang, Q. Li, D. Xu, Recent Progress in Semiconductor-Based Nanocomposite Photocatalysts for 

Solar-to-Chemical Energy Conversion, Adv. Energy Mater. 7 (2017) 1700529. 

[2] H. Li, W. Tu, Y. Zhou, Z. Zou, Z-Scheme Photocatalytic Systems for Promoting Photocatalytic 

Performance: Recent Progress and Future Challenges, Adv. Sci. 3 (2016) 1500389. 

[3] W. Wang, G. Li, D. Xia, T. An, H. Zhao, P.K. Wong, Photocatalytic nanomaterials for solar-driven 

bacterial inactivation: recent progress and challenges, Environ. Sci.: Nano 4 (2017) 782-799. 

[4] Y. Zhao, B. Zhao, J. Liu, G. Chen, R. Gao, S. Yao, M. Li, Q. Zhang, L. Gu, J. Xie, Oxide-modified 

nickel photocatalysts for the production of hydrocarbons in visible light, Angew. Chem. Int. Ed. 55 

(2016) 4215-4219. 

[5] K. Takanabe, Photocatalytic Water Splitting: Quantitative Approaches toward Photocatalyst by 

Design, ACS Catalysis 7 (2017) 8006-8022. 

[6] H. Yu, R. Shi, Y. Zhao, T. Bian, Y. Zhao, C. Zhou, G.I. Waterhouse, L.Z. Wu, C.H. Tung, T. Zhang, 

Alkali-Assisted Synthesis of Nitrogen Deficient Graphitic Carbon Nitride with Tunable Band 

Structures for Efficient Visible-Light-Driven Hydrogen Evolution, Adv. Mater. 29 (2017) 1605148. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[7] J. Chen, D. Zhao, Z. Diao, M. Wang, S. Shen, Ferrites boosting photocatalytic hydrogen evolution 

over graphitic carbon nitride: a case study of (Co, Ni) Fe2O4 modification, Sci. Bull. 61 (2016) 

292-301. 

[8] X. Liu, H. Qin, W. Fan, Enhanced visible-light photocatalytic activity of a g-C3N4/m-LaVO4 

heterojunction: band offset determination, Sci. Bull. 61 (2016) 645-655. 

[9] B. Ohtani, Revisiting the fundamental physical chemistry in heterogeneous photocatalysis: its 

thermodynamics and kinetics, Phys. Chem. Chem. Phys. 16 (2014) 1788-1797. 

[10] R. Shi, Y. Cao, Y. Bao, Y. Zhao, G.I. Waterhouse, Z. Fang, L.Z. Wu, C.H. Tung, Y. Yin, T. Zhang, 

Self-Assembled Au/CdSe Nanocrystal Clusters for Plasmon-Mediated Photocatalytic Hydrogen 

Evolution, Adv. Mater. 29 (2017) 1700803. 

[11] Z. Dong, J. Pan, B. Wang, Z. Jiang, C. Zhao, J. Wang, C. Song, Y. Zheng, C. Cui, C. Li, The 

p-n-type Bi5O7I-modified porous C3N4 nano-heterojunction for enhanced visible light photocatalysis, J. 

Alloys Compd. 747 (2018) 788-795. 

[12] L. Shen, Z. Xing, J. Zou, Z. Li, X. Wu, Y. Zhang, Q. Zhu, S. Yang, W. Zhou, Black TiO2 

nanobelts/g-C3N4 nanosheets Laminated Heterojunctions with Efficient Visible-Light-Driven 

Photocatalytic Performance, Sci. Rep. 7 (2017) 41978. 

[13] J. Yu, J. Low, W. Xiao, P. Zhou, M. Jaroniec, Enhanced photocatalytic CO2-reduction activity of 

anatase TiO2 by coexposed {001} and {101} facets, J. Am. Chem. Soc. 136 (2014) 8839-8842. 

[14] H. Xu, S. Ouyang, P. Li, T. Kako, J. Ye, High-active anatase TiO2 nanosheets exposed with 

95%{100} facets toward efficient H2 evolution and CO2 photoreduction, ACS Appl. Mater. Interfaces 

(2013) 1348-1354. 

[15] J. Zhang, J. Fu, S. Chen, J. Lv, K. Dai, 1D carbon nanofibers @ TiO2 core-shell nanocomposites 

with enhanced photocatalytic activity toward CO2 reduction, J. Alloys Compd. 746 (2018) 168-176. 

[16] G. Liu, L. Wang, H.G. Yang, H.-M. Cheng, G.Q.M. Lu, Titania-based photocatalysts-crystal 

growth, doping and heterostructuring, J. Mater. Chem. 20 (2010) 831-843. 

[17] J. Shi, L. Guo, ABO3-based photocatalysts for water splitting, Progress in Natural Science: 

Materials International 22 (2012) 592-615. 

[18] R. Shi, G.I. Waterhouse, T. Zhang, Recent progress in photocatalytic CO2 reduction over 

perovskite oxides, Solar RRL (2017) 1700126. 

[19] G. Zhang, S. Sun, W. Jiang, X. Miao, Z. Zhao, X. Zhang, D. Qu, D. Zhang, D. Li, Z. Sun, A Novel 

Perovskite SrTiO3-Ba2FeNbO6 Solid Solution for Visible Light Photocatalytic Hydrogen Production, 

Adv. Energy Materials (2016) 1600932. 

[20] R. Wang, S. Ni, G. Liu, X. Xu, Hollow CaTiO3 cubes modified by La/Cr co-doping for efficient 

photocatalytic hydrogen production, Appl. Cata., B 225 (2018) 139-147. 

[21] J. Qin, L. Lin, X. Wang, A perovskite oxide LaCoO3 cocatalyst for efficient photocatalytic 

reduction of CO2 with visible light, Chem. Commun. 54 (2018) 2272-2275. 

[22] W. Li, F. Wang, M. Li, X. Chen, Z. Ren, H. Tian, X. Li, Y. Lu, G. Han, Polarization-dependent 

epitaxial growth and photocatalytic performance of ferroelectric oxide heterostructures, Nano Energy 

(2018) 304-310. 

[23] K. Maeda, Rhodium-doped barium titanate perovskite as a stable p-type semiconductor 

photocatalyst for hydrogen evolution under visible light, ACS Appl. Mater. Interfaces 6 (2014) 

2167-2173. 

[24] X. Lin, J. Xing, W. Wang, Z. Shan, F. Xu, F. Huang, Photocatalytic activities of heterojunction 

semiconductors Bi2O3/BaTiO3: a strategy for the design of efficient combined photocatalysts, J. Phys. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Chem. C 111 (2007) 18288-18293. 

[25] H. Fan, H. Li, B. Liu, Y. Lu, T. Xie, D. Wang, Photoinduced charge transfer properties and 

photocatalytic activity in Bi2O3/BaTiO3 composite photocatalyst, ACS Appl. Mater. Interfaces 4 (2012) 

4853-4857. 

[26] P. Ren, H. Fan, X. Wang, Electrospun nanofibers of ZnO/BaTiO3 heterostructures with enhanced 

photocatalytic activity, Catal. Commun. 25 (2012) 32-35. 

[27] W. Yang, Y. Yu, M.B. Starr, X. Yin, Z. Li, A. Kvit, S. Wang, P. Zhao, X. Wang, Ferroelectric 

polarization-enhanced photoelectrochemical water splitting in TiO2–BaTiO3 core–shell nanowire 

photoanodes, Nano Lett. 15 (2015) 7574-7580. 

[28] T. Xian, H. Yang, L. Di, J. Dai, Enhanced photocatalytic activity of BaTiO3@ g-C3N4 for the 

degradation of methyl orange under simulated sunlight irradiation, J. Alloys Compd. 622 (2015) 

1098-1104. 

[29] J. Liu, Y. Sun, Z. Li, Ag loaded flower-like BaTiO3 nanotube arrays: Fabrication and enhanced 

photocatalytic property, CrystEngComm 14 (2012) 1473-1478. 

[30] L. Li, X. Liu, Y. Zhang, P.A. Salvador, G.S. Rohrer, Heterostructured (Ba, Sr) TiO3/TiO2 core/shell 

photocatalysts: influence of processing and structure on hydrogen production, Int. J. Hydrogen Energy 

38 (2013) 6948-6959. 

[31] J. Meng, Q. Lin, S. Wu, J. Pei, X. Wei, J. Li, Z. Zhang, Hybrid CN-MEA microplates with 

enhanced photocatalytic hydrogen evolution under visible light irradiation, Catal. Sci. Technol. 7 (2017) 

3777-3784. 

[32] X. Wang, C. Zhou, W. Wang, B. Du, J. Cai, G. Feng, R. Zhang, CdSe nanoparticle-sensitized ZnO 

sheets for enhanced photocatalytic hydrogen evolution rates, J. Alloys Compd. 747 (2018) 826-833. 

[33] J. Meng, J. Pei, Z. He, S. Wu, Q. Lin, X. Wei, J. Li, Z. Zhang, Facile synthesis of g-C3N4 

nanosheets loaded with WO3 nanoparticles with enhanced photocatalytic performance under visible 

light irradiation, RSC Advances 7 (2017) 24097-24104. 

[34] Y.-H. Zhang, B.-B. Jiu, F.-L. Gong, J.-L. Chen, H.-L. Zhang, Morphology-controllable Cu2O 

supercrystals: Facile synthesis, facet etching mechanism and comparative photocatalytic H2 production, 

J. Alloys Compd. 729 (2017) 563-570. 

[35] K. Kočí, L. Obalová, L. Matějová, D. Plachá, Z. Lacný, J. Jirkovský, O. Šolcová, Effect of TiO2 

particle size on the photocatalytic reduction of CO2, Appl. Cata., B 89 (2009) 494-502. 

[36] S. Yao, F. Qu, G. Wang, X. Wu, Facile hydrothermal synthesis of WO3 nanorods for photocatalysts 

and supercapacitors, J. Alloys Compd. 724 (2017) 695-702. 

[37] T. He, D. Chen, X. Jiao, Y. Xu, Y. Gu, Surfactant-assisted solvothermal synthesis of Co3O4 hollow 

spheres with oriented-aggregation nanostructures and tunable particle size, Langmuir 20 (2004) 

8404-8408. 

[38] L. Yin, Y. Wang, G. Pang, Y. Koltypin, A. Gedanken, Sonochemical synthesis of cerium oxide 

nanoparticles-effect of additives and quantum size effect, J. Colloid Interface Sci. 246 (2002) 78-84. 

[39] I.A. Wani, A. Ganguly, J. Ahmed, T. Ahmad, Silver nanoparticles: ultrasonic wave assisted 

synthesis, optical characterization and surface area studies, Mater. Lett. 65 (2011) 520-522. 

[40] J. Lu, Q. Meng, H. Lv, L. Shui, M. Jin, Z. Zhang, Z. Chen, M. Yuan, X. Wang, J.-M. Liu, 

Synthesis of visible-light-driven BiOBrxI1-x solid solution nanoplates by ultrasound-assisted hydrolysis 

method with tunable bandgap and superior photocatalytic activity, J. Alloys Compd. 732 (2018) 

167-177. 

[41] L. Lopes, F. Pontes, L. Garcia, D. Pontes, D. Padovani, A. Chiquito, S. Teixeira, Y. Colmenares, V. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Mastelaro, E. Longo, Silver-controlled evolution of morphological, structural, and optical properties of 

three-dimensional hierarchical WO3 structures synthesized from hydrothermal method, J. Alloys 

Compd. 736 (2018) 143-151. 

[42] X. Wei, G. Xu, Z. Ren, G. Shen, G. Han, Room-Temperature Synthesis of BaTiO3 Nanoparticles 

in Large Batches, J. Am. Ceram. Soc. 91 (2008) 3774-3780. 

[43] P. Wang, C. Fan, Y. Wang, G. Ding, P. Yuan, A dual chelating sol–gel synthesis of BaTiO3 

nanoparticles with effective photocatalytic activity for removing humic acid from water, Mater. Res. 

Bull. 48 (2013) 869-877. 

[44] M. Wegmann, L. Watson, A. Hendry, XPS analysis of submicrometer barium titanate powder, J. 

Am. Ceram. Soc. 87 (2004) 371-377. 

[45] C. Miot, E. Husson, C. Proust, R. Erre, J. Coutures, Residual carbon evolution in BaTiO3 ceramics 

studied by XPS after ion etching, J. Eur. Ceram. Soc. 18 (1998) 339-343. 

[46] S.J. Hong, S. Lee, J.S. Jang, J.S. Lee, Heterojunction BiVO4/WO3 electrodes for enhanced 

photoactivity of water oxidation, Energy Environ. Sci 4 (2011) 1781-1787. 

[47] S. Piskunov, E. Heifets, R. Eglitis, G. Borstel, Bulk properties and electronic structure of SrTiO3, 

BaTiO3, PbTiO3 perovskites: an ab initio HF/DFT study, Comp. Mater. Sci 29 (2004) 165-178. 

[48] J. Meng, Q. Lin, T. Chen, X. Wei, J. Li, Z. Zhang, Oxygen Vacancy Regulation on Tungsten 

Oxides with Specific Exposed Facets for Enhanced Visible-light-driven Photocatalytic Oxidation, 

Nanoscale (2018) 2908-2915. 

[49] A. Naldoni, M. Allieta, S. Santangelo, M. Marelli, F. Fabbri, S. Cappelli, C.L. Bianchi, R. Psaro, V. 

Dal Santo, Effect of nature and location of defects on bandgap narrowing in black TiO2 nanoparticles, J. 

Am. Chem. Soc. 134 (2012) 7600-7603. 

[50] Y. Cui, J. Briscoe, S. Dunn, Effect of Ferroelectricity on Solar-Light-Driven Photocatalytic 

Activity of BaTiO3: Influence on the Carrier Separation and Stern Layer Formation, Chem. Mater. 25 

(2013) 4215-4223. 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

� BaTiO3 nanoparticles have been facilely synthesized at room temperature under 

ambient pressure. 

 

� The particle size below 10 nm plays a key role in promoting the photocatalytic 

performance. 

 

� This work provides a better reference for other works on the size control, crystal 

growth of photocatalysts. 

 

 


