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Abstract Al-doped SrTiOs (SrTiOs3:Al) is currently the only known particulate photocatalyst that achieves near-unity ap-
parent quantum efficiency (AQE) for overall water splitting. The underlying mechanism by which Al doping enhances pho-
tocatalytic performance has attracted widespread attention, as uncovering how photogenerated charges are efficiently utilized
is critical for the rational design of high-performance photocatalysts. Such insights are essential for advancing scalable so-
lar-to-hydrogen conversion technologies. Developing SrTiOs3:Al model photocatalysts with well-defined structures and high
activity is therefore fundamental to elucidating the mechanisms behind their exceptional charge separation and surface reac-
tion efficiencies. In this work, we systematically investigate the effects of various synthesis parameters on the photocatalytic
performance of SrTiOs3:Al prepared via a flux method. The parameters studied include the temperature, the phase and amount
of Al2O3 dopant, and the morphology and crystallinity of the SrTiOs precursor. The photocatalytic activity of SrTiO3:Al ex-
hibits a volcano-type dependence on the synthesis temperature, with the highest activity achieved at 1423 K. The crystal
structure of the Al2O3 dopant also plays a critical role: y-Al2O3 and partially crystalline a-Al2O3 (with 80% a-phase) lead to
markedly improved performance. The optimal amount of Al2O3; added depends strongly on the type of precursor, 1 mol% for
hydrothermally synthesized precursors and 1~2 mol% for those prepared via solid-state synthesis. At a fixed Al2O3 content
of 2 mol%, the properties of the precursor significantly affect the final particle morphology, size distribution, and crystallini-
ty. The best-performing sample exhibits high crystallinity and a narrow particle size distribution centered around 200 nm. Al
doping in SrTiOs:Al not only repairs lattice defects and suppresses excessive grain growth but also promotes the exposure of
high-index facets. These findings suggest that multiple synthesis parameters synergistically govern the doping concentration
and spatial distribution of Al, ultimately modulating lattice quality, particle structure, and charge separation efficien-
cy—thereby determining the overall water splitting activity of SrTiOs:Al
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Figure 1 (a) Photocatalytic overall water splitting activities of SrTiOs:Al synthesized via the flux method at various temperatures without A1,O; addition.
(b) XRD patterns of the corresponding samples. (c) Enlarged XRD patterns in (b). (d~g) SEM images of the corresponding SrTiO;:Al samples. Photo-
catalytic reaction conditions: 100 mg of photocatalyst loaded with 0.1% (w) Rh, 0.05% (w) Cr,0;, 0.05% (w) CoOOH, dispersed in 100 mL deionized
water
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Figure 2 (a) Photocatalytic overall water splitting activities of 1%-SrTiO;:Al synthesized via the flux method at various temperatures with the addition of
1 mol% y-AlOs. (b) XRD patterns of the corresponding samples in (a). (c) Enlarged XRD patterns in (b). (d~i) SEM images of 1%-SrTiO;:Al synthe-
sized via the flux method at various temperatures with the addition of 1 mol% y-Al,O;. Photocatalytic reaction conditions: 100 mg of photocatalyst loaded
with 0.1% (w) Rh, 0.05% (w) Cr,03, 0.05% (w) CoOOH, dispersed in 100 mL deionized water

200~400 nm 2 [8], 7574 T A ARSI AL ) v F8 205 T A EE ERIR T, v-ALOs B 5] N JF oK & 2 o A48
X 35k 5 55 1 L 49 B B v T R AN I ALOs % EEAE SrTiOs: Al HIFIfE S5 EEARTE SN, (22 et & ¥e 2 sk i
i, UKL PSR 2 AL HE SR R ORRAE. X R, 1 BRI, Z B SCHR IS T X — 23,

610  http://sioc-journal.cn © 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Acta Chim. Sinica 2025, 83, 608—615



o F F R

RIE

2.2 ALOs BIZBIRT SrTiOs:Al Sk it BE RS2

N T HREZRAF K ALO; BT R AR X s £h 1k 1 %
SrTiOs:Al 20, FRATIEH y-ALOs+ 80% o AHH ALO;
(0-Al03(0.8)) A K 4l a-ALOs 1E A Al ¥, 2l H i &
¥R 1 mol%, LAZKFE B\ TH{A SrTiOs AHT Ik,
7 1423 K Rl i il 7 &1 SrTios: Al #£5, H
AL & KN 3a TR, S5 RRI, EMES
FEAEAT ALO; ISR, 1%-SrTiOs:Al G MERE
B2 2] ALOs i AH 2w, Hh, Bl y-ALO; M
0-ALO5(0.8) 9 Al 5T 15 BIFE S R Bt AR T (1) = s
A 26 0-ALOs 58 ALYERS, Frifil &1 1%-SrTiOs: Al
FE b IR TG 1 2 2 PR AR, B — 2D 1S5 S TS 7 b
BoR(E 3b~3f), FrafEmEA RIFM4 RN, b
S ARTE 200~400 nm 2 [8), H HRLT I8 M X8R
B L ) e T R R . IR IRR, ALE
() St A TR 35 52 SITiOs:Al &5 Sl 2 W 3.
DR, HERE2E T AR T AN ALOs eAHTES it
T B OB 2 e, JETT 2L Al 7 1%-SrTiOs:Al i
PR S bR A5 J R P B S (B M AR AEAE 2 57, B2 T %
AR S RN, A RO AR .
2.3 ALOs BURINEXT SrTiOs:Al St Lt sERI SN

AL y-ALOs AR —URIN ALYR, REHEE T A
[ ALOs &SN SITiOs:Al JafE k4 il K 1 RE 1 5

M. 25 REIR, MUK R N AR SrTiOs N RTIK
PRI, A1 mol% ALOs TS SrTiOs:Al JtfiEfk 4
oI MR I A, HE— BN ALO; VN INE £ S L
Jef Ak RE B3 TR 4a). XRD ATHE(E 4b, 40)%
B, 152645 Al J5AE RN SITiOs: AL AT A3 2410+ )\
T4 SrTiOs B BRAAR, X RAT 506 7] = A AS, U628 B
REL, RIEERS ALES T aileds, B3gm 1 ek
&, Kl 5a~5e @7 1T /\IfifAk SrTiOs A AR ALOs ¥
BN & 80 SITiOs:Al ] SEM K. FiG RE Stk A2 15 52
HITE 200~400 nm JEH, I SEN. SR, SHTK
& StTiOs A EL, SrTiOs: Al 7 J5 AR TH A i i 2508 T X 45 1)
T HE LA Fri e, X R, 7ELL )\ SrTios R
KA 25 1F R, ALOs ¥ N & 14 A 2 B 3 52 i)
SrTiOs: Al HIZ ISR EOR ], HOG ' i A4 12 R 1 1 42
AR IEI R Al SEBRIB R S s AR A T
i, AT EEM G A BRI 1R 43 88 5 O

R BRAA T 4R [ A A R SITiOs J&, ALOs ¥
HIEN 2 mol%ItXf B SrTiOs:Al HIJGHEAIE LI 1
mol% Mg H T, (14 ALOs IRNEH—PRARE 3
mol% & LA LB}, SrTiOs:Al HIYGAEAL 443 ff /K 14 5 I B
& FBE(E 4d). XRD #74 EI(E de, 408K, HET K
AR RTORAA, [ A A R SrTiOs (K7 5 16 5 B2 b it
ZHENE, R\HLLEHEEMR. BE ALOs IINE MK

a 19 b c

H ——standard ——y-Al,O; standard ——y-Al,0;
600+ 2 —— a-AL0,-0.8 —— a-Al,0, —— -Al,0,-0.8 —— a-Al,0,
< 500 A
£
= >
5 4001 2 2
® 0, ® &
< 3004 E i
S ) A
é 200 L
w

100 1 l| A I
|
aAL0,(0.8)  a-ALO, 20 30 40 50 60 70 80 37 38 39 40 41 42 43
Different kinds of Al,O, 26/(°) 29(°)

X IR K XRD B; (d~D2FTR 1%-SrTiOs:Al f) SEM [, oML iE MK A 100 mg YT 080T 100 mL &5 -7k, Bhi b5 5k
79 0.1% (w) Rh-0.05% (w) Cr,05-0.05% (w) CoOOH

Figure 3 (a) Photocatalytic overall water splitting activities of 1%-SrTiO;:Al synthesized via the flux method with the addition of 1 mol% y-ALO;,
a-ALO5(0.8) and a-ALO;, respectively. (b) XRD patterns of the 1%-SrTiOs:Al in (a). (c) Enlarged XRD patterns in (b). (d~f) SEM images of the corre-
sponding 1%-SrTiOs:Al samples. Photocatalytic reaction conditions: 100 mg of photocatalyst loaded with 0.1% (w) Rh, 0.05% (w) Cr,0s, 0.05% (w)
CoOOH, dispersed in 100 mL deionized water
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Figure 4 (a) Photocatalytic overall water splitting activities of SrTiO5:Al synthesized via the flux method with varying addition amounts of y-Al,O; using
18-facet SrTiO; as the precursor. (b) XRD patterns of SrTiO;:Al samples in (a). (¢) Enlarged XRD patterns in (b). Photocatalytic reaction conditions in (a):
100 mg of photocatalyst loaded with 0.1% (w) Rh, 0.05% (w) Cr,Os, 0.05% (w) CoOOH, dispersed in 100 mL deionized water. (d) Photocatalytic overall
water splitting activities of SrTiO;:Al synthesized via the flux method with varying addition amounts of y-Al,O5 using solid-state-derived SrTiO; as the
precursor. (¢) XRD patterns of SrTiO5:Al samples in (d). (f) Enlarged XRD patterns in (e). Photocatalytic reaction conditions in (d): 130 mg of photocata-
lyst loaded with 0.1% (w) Rh, 0.05% (w) Cr,03, 0.05% (w) CoOOH, dispersed in 100 mL deionized water
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Figure 5 (a~e¢) SEM images of 18-facet SrTiO; and the corresponding SrTiO;:Al samples with various Al,O5 additions. (f~j) SEM images of SrTiOs
prepared via solid-state reaction and the corresponding SrTiO;:Al samples synthesized with various Al,O; additions
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Figure 6 SEM images of SrTiO; precursors (a~~e) and the corresponding 2%-SrTiO;:Al samples (f~j)
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