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Abstract: The layered perovskite type oxide, K,La,Ti;0, and K,La,Ti;0,, doped with boron family elements were
prepared by sol-gel method and were characterized by power X-ray diffraction, UV-Vis diffuse reflectance
spectroscopy. The photocatalytic activity for water splitting of K,La,Ti;0,, and K,La,Ti;0,y doped with boron family
elements were investigated with I~ as electron donor under ultraviolet and visible light irradiation respectively.
The electronic structure of K,La,Ti;0,y doped with boron family elements has been analyzed by the first principle
calculations, which reveals the photo responses in the visible region and the improvement of the photocatalytic
activity of K,La,T1;0.Conclusions were made that K,La,Ti;0,y doped with boron family elements exhibited higher
photocatalytic reactivity of hydrogen production. When the doping concentration of (B, Al, Ga, In):Ti was 0.01:1,
the ultraviolet hydrogen production rate were 151.7, 119.6, 155 and 119.2 pmol L' -h™" which were raised by
166%, 110%, 172% and 109% compared with undoped K,La,Ti;0,, respectively, the visible hydrogen production

rate were 67.0, 60.5, 55.0 and 50.0 pmol -L~™-h™ which were 4, 3.7, 3.3 and 3 times those with undoped
K,La,Ti;0,, respectively.
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1: Magnetic stirrer; 2: Magnetic bar; 3: 250 W high-pressure Hg
lamp or xenon lamp; 4: Gas-closed inner irradiation cell; 5: Cool-

ing jacket; 6: Water channel; 7: Gas collector
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Experimental setup for photocatalytic water splitting
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Fig.2  Supercell model of K,La,Ti;0,y and K,La,Ti;0,y doped with boron family elements considered in the present work
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Table 1 Influence of boron family elements on the lattice parameter of K,La,Ti;O,, photocatalysts

Dopant No-doped B Al Ga In
Lattice parameter / nm X,y 0.387 104 0.387 347 0.387 458 0.387 433 0.389 498
z 2978 414 2.979 155 2.972 361 2.975 367 2.979 261




52

W WG I TE 2R 8 24 X KoLy Ti;0, YoM fb 7 1 RE Y 52 1 259

2 HRSIE

2.1 K,La,Ti,0, R #i& T & B % K,La,Ti;0, 1

RIE

Kl 3 & B.Al.Ga.In # 4% K,La,Ti;0,, 1) XRD
Kl BB 715 AJEEA MUE KoLa,Ti,0, 19 A i
4549 ,B Al Ga . In B9 &5 +FE 441124 0.020.0.050
0.062 F1 0.081 nm™, 5 Ti i & FF1£(0.068 nm)HH
b, Al Ga In I LLEHZ IR | #8245 K La,Ti:0, fbt&
ZHAE W B0 (W 1),A1.Ga In AR REE A
F| K,La,Ti,0,0 A& 1 10 B 5 Ti IS PR A 2258
KB HBUR Ti 2 A K La,Ti,0,0 &k 19 0T 58 1 AH X ¢
/NN B B4 E Ko La,Ti50, M S s S 808 4k (R 1)7]
LA B Al ae DUEBUE A ks iy, JF H B i
A A 5 51 KoLa,Tiz0,, fn s B A2 R

Tfl)
2
g 1) K,LaTi;O
é TN | ‘l .Iu LLI ‘(‘).ALZ 3“13 lAU
> kel b @ BKLaTHO
'z ' '(3) AI-K,LaTi;0
ettt S AHCLTiO
= A IR R
. A Mol
oot il b G LT 0
0 20 40 60 80 100

20/ (°)
&3 BRI R B4 KoLa,Ti:0, 19 XRD &
Fig.3 XRD patterns of K,La,Ti;0,, photocatalyst doped
with boron family elements
Bl 4 R 8% 5T 2R B 28 % Ko La,Ti:0, 6 W Y 1
A TINEE IR Sk IR ) SISk YNLUE =
T KLa,Tiz0, FIWOEHERE , 75 Ko La,Tis0y diA& 5
A& AL O A% R BT E TR =0 BT XH(X=B, Al,
120 4

100

80

60

40

Reflectance / A.U

20

200 300 400 500 600 700
Wavelength / nm
(1) K;LasTi:0,5; (2) B-K:LasTi:0.6; (3) ALK;La;Ti:0
4) Ga-K;La,Ti;0,0; (5)In-K;La,Ti;049

Bl 4 R U ER B 206 K, La,Tis0 o S P BE 1952 1
Fig.4 Dependence of boron family elements on the diffuse

reflection spectra of K,La,11;0,y photocatalysts

Ga,In)P" AW L 48 09 2p BB 5 K, La,Ti;0,0 B9 A1
A7 (AT AT RA R & O 11 2p $ILTE 5 3% 1 i) JL T
%, REBETE K,LayTis0, 2877 X B 2% BT g 2%, P T
1 K La,Ti,0,0 oA 8 4% X a | i ih A
RAEWW A 4 FBRTENIALRATE
K,La,Ti50,0 B W7 4 b 7= A 37 B A 0 | 3 — A
5id S EITR BRI, J5ETE 400 nm BT
A= T TR A 0
2.2 K,La,Ti;0, K ik T &5 2 K,La,Ti,0, I3t

L E TR

K5 5500 48 95 F B0 % oC R B 42 X
KoLa,Ti50,0 YA TG PE B2 . SEER 25 K E B,
Al Ga In 48 A4 E B BGE AR B K, La,Ti,0,, 16
AT T IVE T, R824 K La,Ti50,, 2K 7= S0 %
7 57 pmol-L*+h, 1fii B Al Ga In $2% K,La,Ti;0,, 73
i K 7 A R 4R = #) 151.7.119.6.1550 Fi 1192
wmol« L -h 43 A& T 166% .110% .172%H1 109%

B Ga

Al In

Amount of evlued H, / (umol - L

K,La,Ti;0

1 2 3 4 5
Dopant
B 5 AR ST T T R IB 2N KLa,Ti0,, YAl
T 1Y 52
Fig.5 Dependence of boron family elements on the photocatal-
ytic reactivity of K,La,Ti;0,, for hydrogen production
under ultraviolet light radiation

900
! B

800 - N
7004 —_Ga
600 B

500
400
300

)

200 K,La,Ti;0y

100 T T T T T
1 2 3 4 5
Dopant

6 A UWOBH ST OT E B 44X K La,Ti,0,, Yk
T P 9 5

Fig.6 Dependence of boron family elements on the photocatal-

Amount of evleved H, / (umol - L

ytic reactivity of K,La,Ti;0y for hydrogen production

under visible light radiation



260 Jd Hl fk

A 525 %

ARSI ARG T W TR B A K La,Ti50,, AT
WICA A= E0E R R e 6 s, WEHE
B WG AB A4S R AT LG Ak 5 1 00 36 B 4 B
b PR A A VR BE S5 F B AL Ga In 4% K La,Ti,0,,
AL UL A3 i K 7= S0E 2245 50 R 67.0.60.5.55.0 Fi
50.0 wmol - L'-h™, 7351 K K,LasTi50,, #8480 A = A
WM 4 3.7 33 F1 34,

2.3 BHRTEBFERS K,La,Ti;0, XENXFHERN
e
MR 2 W% T 4B 42 X4 KoLaoTi,0,0 i 1k 1
PERISE R | AR B 20 51 1 S5 i Ak &
T PE A AR AL A SRR 0 O . (E 5 A T LG A A TS
PR o5 e 2 % 0 R B 24 3% K La,Ti,0,, G
A 53 R 7K T I 12 5 R R R B A G

R 2 WERTEBEN KLa,Ti;0, X E L E R G

Table 2 Dependence of boron family elements concentration on the photocatalytic reactivity of

K,La,Ti;0,, for hydrogen production

Dopant No-doped B Al Ga In
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