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Solvothermal Synthesis of Strontium Titanate ゚ ased Materials Designed 

for Efficient Visible Light Photocatalysis 

Chapter 1. General introduction 

The environmental problem and energy crisis, two main of global issues, wi11 come soon on the earth. In order 

to establish the sustainabi1ity of human life in the fu加re， the great efforts should be devoted 仕om now. The 

sunlight energy uti1izing approaches are very promising and good feasibi1ity for solving the environmental 

problem and energy crisis. Visible light responsive photocatalysts, one of the semiconductor materials could be 

effectively used to convert the sun light energy into various applications such as disinfection of drinking wat民

antibacterial, persistent toxic compounds 仕ea伽lent， organic degradation and even hydrogen production. 

Visible-light-responsive photocatalysts are great beneficial because ~43% ofthe whole solar energy is visible light, 

whi1e only ~4% is UV 1iゆt. Therefore, the design and synthesis of a photocatalyst for the enhancement of the 

photocatalytic activity in visible light are a highlight works. 

Generally, titanium dioxide is the most common photocatalyst, because it has a remarkable photocatalytic 

activity. Besides the titanium dioxide, the promising alternative photocatalyst materials, strontium titanate, also 

could be effectively used for the application in photocatalysis because of the excellent photocatalytic activity, high 

stabi1ity and non-toxicity. However, since s仕ontium titanate is a wide gap semiconductor, it requires UV light to 

generate the photocatalytic activities. Development of visible light induced strontium titanate photocatalyst has a 

great potential to uti1ize the wider range of solar energy. Therefore, in this thesis, atlention was concentrated 

mainly on the design and s戸lthesis of strontium titanate based efficient visible-light photocatalysis for 

environmental c1ean-up. 
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Chapter 2. Solvothermal Synthesis of Designed Non-Stoichiometric SrTi03 for Efficient Visible-Light 

Photocatalysis 

Non-Stoichiometric SrTi03 photocatalysts with variation of Sr/Ti atomic ratio to induce the defect crystals 

which have unique photocatalytic properties were realized. The nanoparticles of perovskite type SrTi03 with the 

particle size of 30-40 run were successfully synthesized using microwave-assisted solvothennal reaction of 

SrC}z.6H20 and Ti(OC3H7) 4 in KOH aqueous solutions. The photocatalytic activity was detennined by DeNOx 

ability using LED (light emitting diode) lamps with the wavelengths of 627 run (red), 530 run (green), 445 run 

(blue) and 390 nm (UV). The visible light responsive photocatalytic activity was generated by adding an excess 

amount of Sr. The photocatalytic activity in visible light could be enhanced by an increase in the Sr/Ti atomic ratio 

up to 2.0, indicating that the visible light responsive photocatalytic activity is due to the generation of a new band 

gap between the conduction band and valence band of SrTi03 by the fonnation of oxygen vacancy. 

Chapter 3. Visible Light Photocatalytic Activity Induced by the Carboxyl Group Chemically Bonded on the 

Surface of SrTi03 

SrTi03 nanoparticles were synthesized by a 

microwave-assisted solvothennal reaction of 

SrC}z.6H20 , Ti(OC3H7)4 in KOH methanol-oleic 

acid solution. The nanoparticles of perovskite type 

SrTi03 with the particle size of 15-18 nm were 

successfully synthesized. The photocatalytic 
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activity of SrTi03 (see Fig.l) under visible light 

(A=530 run) irradiation could be generated by 

modification of the surface with the carboxyl 

group (-COO) from oleic acid, which enabled the 

absorption of visible light. 

Fig.1 Photocatalytic destruction of NO with 
SrTi03-0leic acid at A =530 run (green light) 

Chapter 4. Solvothermal Synthesis and Photocatalytic Properties of 

Chromium-Doped SrTi03 Nanoparticles 

Chromium (Cr)-doped SrTi03 were synthesized by a microwave-assisted 

solvothennal reaction using SrC}z.6H20 and Ti(OC3H7)4 as starting materials 

in KOH methanol-oleic acid solution. The Cr(N03)3.6H20 was used as a 

source of chromium doping. The nanoparticles of perovskite type Cr-doped 

SrTi03 with a particle size of 15-20 run were successfully synthesized (Fig.2). 

Cr-doped SrTi03 showed photocatalytic activity even under red light Fig.2 TEM Images of Cr 

irradiation (A=627nm), indicating that the chromium ion has a significant role doped SrTi03 
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in visible light photocatalytic activity. It can be seen that the photocatalytic activity of Cr-doped SrTi03 increased 

at first by doping Cr up to x=0.005 (Fig.3), then greatly 40 ,-------------------, 

decreased with an increase in Cr content. The decrease in 

the photocatalytic activity by doping with excess 

amounts of Cr3+ may be due to the increase in the amount 

of oxygen vacancies as SrTilvI_2xCrIll2x03_xDx, (0: 

vacancy), which becomes the recombination centers of 

photo-induce electrons and holes. The photocatalytic 

activity of Cr-doped SrTi03, increased by the 

calcinations up to 300°C due to an increase in the 

absorption in the visible region. The high photocatalytic 

activity of Cr-doped SrTi03 in the visible light region 

may be due to the narrowing of the band gap (2.14 eV). 
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Fig. 3 Photocatalytic destruction of NO with SrTi1_xCrx03 
(x=0-0.020) and Ti02 (P-25) 

Chapter 5. Solvothermal Synthesis and Photocatalytic Properties of Nitrogen-doped SrTi03 Nanoparticle 

Perovskite type nitrogen doped SrTi03 nanoparticles of 50-80 nm in diameter were successfully synthesized 

by the solvothermal reaction of Ti(OC3H7 )4, SrCb.6H20, and hexamethylenetetramine in KOH aqueous solution. 

Nitrogen doped SrTi03 showed excellent photocatalytic activity under both UV and visible light irradiation, i.e., 

the photocatalytic activity ofN-doped SrTi03 for DeNOx reaction was greater than that of SrTi03 and commercial 

Ti02 (Degussa P25) in both visible light region (>51Onm) and UV light region (> 290 nm). The excellent visible 

light photocatalytic activity of this substance was caused by generating a new band gap corresponding to the Ti3d 

conduction band and N2p valence band that absorbs visible light. 

Chapter 6. Solvothermal Synthesis of SrTi03-LnTi02N Solid Solution and Their Visible Light Responsive 

Photocatalytic Properties 

The SrTiOr LnTi02N solid solution, Srl_xLaxTi03_yNy, was synthesized by the solvothermal reactions in KOH 

aqueous solution using Ti(OC3H7)4, SrCb.6H20, La(N03k6H20 and hexamethylenetetramine as raw materials. 

The nano particles of perovskite type Srl_xLax Ti03_yNy (x= 0, 0.025, 0.05 and 0.1) were successfully synthesized 

by solvothermal method. The photocatalytic activity of SrTi03 for DeNOx ability in visible light region (>51Onm) 

could be improved by co-doping of La3+ and N3-. The high visible light photocatalytic activity of this substance 

may be due to generation of a new band gap that enables to absorb visible light. The powder with a smaller ratio 

of La content (x= 0.025) possessed excellent photocatalytic activity under visible light irradiation. 

Ch apter 7. Solvothermal Synthesis and Photocatalytic Properties of Nitrogen and Metal (V) Co-Doped 

SrTi03 

Regarding the SrTi03, M
5+ and N3- co-doping in SrTi03 as SrTi4+1_xM5\02-3_xN3-x (M=Nb5+, Ta5+) is one of 

the potential methods to dope nitrogen ion without forming anion vacancy. The Nb5+ or Ta5+ can substitute Ti4+ in 
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SrTi03 without large lattice strain because of the similar ionic radius. Therefore, it is expected that co-doping of 

MS
+ (M=Nbs

+ or Tas
+) and N3- in SrTi03 decreases the band gap energy without forming lattice defect and lattice 

strain, and consequently, leads to generate high visible light photocatalytic activity. In this experiment, the 

SrTil_xMx03_yNy (M=Nb,Ta) were synthesized using microwave assisted solvothermal method. The niobium and 

nitrogen co-doped SrTi03, SrTil_xNbx03_yNy (x= 0, O.OS, 0.1 and 0.2), were synthesized by the solvothermal 

reactions in KOH aqueous solutions using Ti(OC3H7)4, SrCI2"6H20, NbCls and hexamethylenetetramine as 

starting materials. The SrNbxTil_x03_yNy showed the photocatalytic activity for oxidative destruction of NO x under 

visible light irradiation. The photocatalytic activity changed depending on the amount of niobium and 

SrTil_xNbx03_yNy (x= 0.02) showed the highest photocatalytic activity under visible light irradiation. 

The Nanoparticles ofTa and Nco-doped SrTi03, SrTil_xTax03_yNy (x= 0, 0.02, O.OS and 0.1) were synthesized 

by solvothermal reactions in KOH and oleic acid mixed methanol solutions using Ti(OC3H7)4, SrCb 6H20, TaCls 

and HMT (hexamethylenetetramine) as the starting materials. SrTaxTil_x03_yNy showed excellent photocatalytic 

activity for the oxidative destruction of NO under visible light irradiation (I.>S30 nm). The optimum Ta content 

was determined to be x=0.02-0.0S 

Chapter 8. Performance Comparison of Visible Light Responsive SrTi03 Prepared by Various Methods 

The performances of visible 
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light responsive SrTi03 based 
40 

photocatalysts prepared by 
>-

various methods are summarized 
~ 30 
:0 

in FigA. Most samples showed 

excellent activity under visible 

light irradiation of wavelength up 

'" >< 
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10 

to S30 nm, and Cr-doped SrTi03 

showed the superior activity under red 

light ('A=627 nm) irradiation. The 

excellent photocatalytic activity of 

Cr-doped SrTi03 is caused by the 

narrowing the band gap to be 2.14 e V. 

Chapter 9. Summary and Conclusion 

627 530 445 390 
Wavelength I nm 

FigA Photocatalytic activities of SrTi03 syntesized with different methods, 
Ml =SrTi03, M2= non-stoichiometric SrTi03 (Sr/Ti = 1.2S), 
M3=SrTiOr oleic acid, M4=Cr-SrTiOr oleic acid, MS=N-SrTi03, 
M6=LaIN-SrTi03, M7=N-SrTi03, M8=LaIN SrTi03, M9=Nb/N SrTi03, 
MI0=TaIN SrTi03-oleic acid. M5, M6=conventional solvothermal, MI-M4, 
M7 -M 1 O=microwave assisted solvothermal synthesis 

The photocatalytic activity of SrTi03 for deNOx ability in the visible light region could be enhanced by 

precisely controlling the chemical compositions and microstructures of non-stoichiometric SrTi03, carboxyl group 

chemically bonded SrTi03, Cr doped SrTi03, N doped SrTi03, LaIN co-doped SrTi03, NbIN co-doped SrTi03 and 

TalN codoped SrTi03• Chromium doped SrTi03 prepared in KOH methanol oleic acid solution, showed the 

superior photocatalytic activity under irradiation of visible light ofA=627 nm. 
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論文審査結果の要旨

う間帥某反応は、セルフクリーニング、脱臭、抗菌、防曇等で既に実用化され、さらに環境浄化への利用が期

待されている。しかし、現在利用されている酸化チタンラ団蚊某は、紫外線しカ呼リ用できないため、太陽光や室

内灯の主防士である可視光を利用可能な湖蝶の開発が求められている。

本研究は、窒素ドープチタン酸ストロンチウムナノ粒子をソルボ、サーマル即芯により合成する手法を開発し、

環境浄化湖蛾期寺性につして系統的に調べた研究で、あり、全編9章よりなる。

第 1 章は緒論であり、湖蝶反応#鱗、可視光応答性淵蝶などに関する過去の研究を網羅し、その特徴を

述べ、また、重要ながら未解明な事項を列挙し、その上で、本研究の目指す方向とその概要を述べている。

第2章では、ソルボ、サーマノレ即志により Sr!Ti 原子比の異なるチタン酸ストロンチウムのナノ粒子を合成し、

Sri晶剰の格子欠陥導入チタン酸ストロンチウムが可視光応答性湖欄幾能を有することを明らかlこした心

第3章では、オレイン酸荷主下でチタン酸ストロンチウムを合成し、表面に化学吸着されたカルボキシル基

のダイポール効果lこより、可視光応答性湖蝋幾能を付与できることを見出した。

第4章では、固相法による直張合成が困難な Cr3+ ドープチタン酸ストロンチウムナノ粒子をソルボ、サーマル

反応により合成し、得られたナノ粒子が優れた可視光応答性淵蜘幾能を有することを明らかにした。

第5章では、ソルボサーマル即t~こより窒素ドープチタン酸ストロンチウムナノ結晶を合成し、優れた可視

光瓜答性淵動期幾能を有することを明らかにした。

第6章では、ソルボサーマル閃志により窒素とともに sy2+サイトにLa3+をドープしたチタン酸ストロンチウム

ナノ粒子を合成し、アニオン欠陥の減少によりう倒的某活性を向上できることを明らかlこしt~

第 7章では、ソルボ、サーマル即刻こより窒素とともにTi4+サイトにNb5+や Ta5+をドープしたチタン酸ストロン

チウムナノ粒子を合成し、アニオン欠陥の減少によりう胡蚊駒舌性を向上できることを明らかにした。

第8章では、第 2 章から第 7 章において合成した各種可視光応答性チタン酸ストロンチウムの環境浄化湖虫

蜘割生を比較し、クロムドープチタン酸ストロンチウムが最も優れた特性を有することを明らかにした。

第9章は結論であり、各章の結言を要約している。

以上、要するに本論文は、クリーンで無尽蔵な太陽エネルギーを利用する環境浄化湖蝶の開発を目的とし

て、種々の可視光応答性チタン酸ストロンチウムのう団拙某の合成法を開発するとともに、活性に及ぼす諸国子

の影響について系側句に調べた研究であり、環境科学、物質科学の分野の発展に寄与するところ少なくない。

よって，本論文同専士(学術の学位論文として合格と認める。
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