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Synthesis and characterization of

(BI#Ei%sL 3) ' Sr-doped NaTaOs photocatalysts for water splitting

1. Introduction

Energy is an essential element to our lives as well as food in the 21st century. Due to high
energy dependence, energy demand increased significantly. To solve the energy resource
K & £ R

defect the human society may face in future, sustainable energy technologies are under

W {brEL develdpment. In this thesis, the author focused on the study of water splitting photocatalyst.

BE GMEEOBAE, 0MREHEds o ) Sunlight power can be converted to chemical energy to split water into Hz and O, through
photocatalysis reaction. Hydrogen product is a clean energy source that can be converted to

Synthesis and characterization of electricity via fuel cells. The water splitting reaction process can be'divided into three steps.

Sr-doped NaTaOs photocatalysts for water splitting As the first step, electron-hole incident light excites the electrons at valence band to
conduction band, leaving holes at valence band. As the second step, some of excited electrons

Foak - Sr N—7" NaTaOs KD EILABED G L & Rt #T will recombine soon with holes due to the energy difference, and the others being alive. As
the final step, the alive carriers will move to the surface of photocatalyst particles where the

water splitting reaction occurs. In the second step, the restriction to electron-hole

recombination plays a key role to increasing efficiency.

In the previous study. metal dopants restricted efficiently the electron-hole recombination,
such in metal-doped NaTaO;. The La-doped NaTaO; exhibited the highest quantum
efficiency of water splitting at 56% under UV irradiation with 270 nm. Doping of alkaline
earth metals (Sr, Ba) showed comparable efficiency as La doping. Increased efficiency
induced by metal doping is attributed to restricted electron-hole recombination. In this thesis,
Sr-doped NaTaO3 was mainly studied to understand deeply on the effect of the metal dopants

on NaTaO; photocatalyst.

2. Experimental section

In the solid-state method (SSM). mixtures of NaxCOs3. Ta:0s, and SrCOs were calcined in an
alumina crucible at 1173 K for 1 h and then at 1423 K for 10 h to produce Sr-doped NaTaO;
(Sr-NTO). In the hydrothermal method (HTM), 4 mol L-' aqueous solution of NaOH

containing Ta>0s, and SrCO; were stirred and sealed in a Teflon container. The mixture was
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Sr concentration by etching in 10 m indicates the shell possesses a serious Sr segregation.
] . . }
And the gradual decrease of Sr concentration by etching in 10-480 m suggests a Sr

concentration gradient in the core.

Compared to the EDX and XPS quantifying the total concentration of Sr doped at A- and B-

sites, the Raman spectroscopy was able to detect concentration change in the Sr doped at B-
sites alone. In SSM, the Sr doping produced Raman band with clear intensity at 860 cm!.
The band intensity increased consistently with Sr concentration. Therefore, it can be used to

trace Sr concentration change during etching. Figure 5 shows the intensity ratio of 860/620

cm’! band plotted as a function of etching time. The relative intensity of 860 cm!-band was

reduced about 30 % for 10m-etching. followed by a gradual reduction for longer etching.

This two-step response by HF etching on the decrease of 860 cm'! band intensity indicates
similar results as EDX and XPS, that is the shell has a serious concentration of Sr doped at B-
sites, and the core has a concentration gradient of Sr doped at B-sites (CGSrB). Meanwhile,
the 760 cm! band was removed fully for 10m-etching. It means the Sr segregation on the

shell produced the unexpected component.

T 030 2 200
w
2 S 10 min
g 0 i £ 150
© 10 min =
® 020 3
2 -~ 5 100
2 015
£ ©
c 010 g
= o
T 005 Z 0
& 0 120 240 360 480 0 120 240 360 480
HF etching time / m HF etching time / m

Figure 5. Relative intensity of Raman band at
860 cmr! to 620 cm! in Smol% Sr-NTO (SSM)
as a function of etching time in a range of 0-480
m.

Figure 6. Integrated IR absorbance change
upon UV irradiation of 5mol% Sr-NTO (SSM)
relative to that of NTO (SSM) as a function of
etching time in a range of 0-480 m.

The change in the population of excited electrons during etching was examined by UV-
induced IR absorption spectroscopy. For a direct visualization of the change in electron
population during etching, the IR absorbance change was integrated into a range of 6000-900

cmrl. Figure 6 shows a plot of the integrated absorbance change of etched 5 mol% Sr-NTO
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relative to that of pristine NTO as a function of etching time. Here the integration intensity is
proportional to the population of UV-excited electrons. The electron population of unetched
Sr-NTO was 132 times as much as NTO. During etching on the shell for 10 m, the relative
electron population of Sr-NTO increased by 40% to 185 times. On the other hand, longer
etching mainly on the core reduced the electron population gradually, eventually, reaching to
16 times for 480 m-etching. It indicates the electrons and holes were excited in the core but

recombined in the shell.

According to Raman scattering, two components showing 760 and 860 cm! Raman bands
were detected in the shell. The unexpected component might accelerate the electron-hole
recombination. More important issue is the restricted electron-hole recombination in the core.

The author proposes that the CGSrB restricted the recombination.

In the detection of band gap energy in Sr-NTO (SSM) by UV-Vis spectroscopy, the central
wavelength of the absorption edge was gradually shifted to shorter wavelength upon doping
of Sr. It shifted from 305 nm in pristine NTO to 280 nm in 50 mol% Sr-NTO. It indicates the
expansion of band gap energy. The condition band (CB) of NTO is mainly derived from Ta
5d orbitals while the valence band (VB) is derived from O 2p orbitals. Sr doping should
contribute little to the VB potential but affect the CB. The expansion of band gap energy can
be explained by the upward shift of CB minimum potential due to the connections of the Ta
5d orbitals were cut the Sr doping at B-sites. Based on this assumption, the CGSrB in the
core will produce a potential gradient of CB minimum with more negative potential in the
outer core than in the inner core, as shown in Fig. 7. The steady-state UV-excited electrons
were driven through the CB potential gradient from outer core to inner core for separating
from the holes leaving in the outer core. In this picture, the electron-hole recombination is

restricted by CGSrB.

In the following step. the role of CGS1B to electron-hole recombination was intensely studied
by strategical synthesis of 2 mol% Sr-NTOs with various CGStB degree.:To control the radial

distribution of Sr. MSM was applied to prepare Sr-NTOs by adjusting heating time,

Four Sr-NTOs were synthesized via MSM with heating time at 1 h, 10 h, 20 h, and 60 h.
respectively, in addition to undoped NTO heated for 10 h. The Sr concentration of each Sr-

NTO was 2.0 mol% when examined by EDX. Particle size and shape were similar in the four
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