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Note S1. Principles of photocatalytic water splitting

The schematic illustration of the basic principle of the water splitting reaction on a photocatalyst
is presented in Figure S1a.1® When the photocatalyst absorbs photons with an energy greater than
the bandgap energy of the photocatalyst, electrons (e) move to the conduction band (CB), leaving
holes (h*, positive charge) in the valence band (VB). These electrons and holes then move through
the photocatalyst to the surface. The electrons and holes can recombine during this process, or
once at the surface they can initiate redox reactions provided the band energies of the photocatalyst
are well matched to the reactants. For example, the electrons and holes can trigger the H* reduction
and H>O oxidation, respectively. For continuous water splitting, the reduction and oxidation
reactions must occur simultaneously to prevent the build-up of charge. The reactions in the water
splitting process are shown in Equations (S1)-(S3):

Overall water splitting: 2H,0 + hv - 2H, + 0, (S1)
Oxygen evolution reaction (OER): 2H,0 + 4h™ - 4H* + 0, (S2)
Hydrogen evolution reaction (HER): 4H* + 4e~ — 2H, (S3)

The HER and OER take place at a standard reduction potential of H*/H (pH = 0, vs the standard
hydrogen electrode (SHE)) and O2/H20 (pH =0, vs SHE) of 0 V and 1.23 V, respectively. In order
to split two water molecules and generate one oxygen molecule, the change in Gibbs free energy
is +4.92 eV, indicating that the overall water splitting reaction is not thermodynamically
favorable.* To produce a single oxygen molecule requires multiple unfavorable steps, not only due
to the O2/H>O potential but also the kinetic hindrance arising from the anodic overpotential.
Therefore, the OER is usually the bottleneck in water splitting.>
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Figure S1. Illustration of the (a) overall photocatalytic water splitting reaction and (b) the
production of radicals for photocatalytic pollutant degradation

In terms of the mechanism of photocatalytic water splitting, the process can be divided into three
components: light absorption, charge separation and transport, and surface reaction. To maximize
solar light absorbance, the bandgap of the photocatalysts should be as narrow as possible but wider
than the thermodynamic requirement of 1.23 eV. However, sufficient oxidizing and reducing
power from the photocatalysts must be ensured. As shown in Figure 4, the bottom of the CB (CB
minima, CBM) must be more negative (lower) than the potential of H*/H (0 V vs. SHE at pH = 0),
while the top of the VB (VB maxima, VBM) must be more positive (higher) than the potential of
02/H20 (1.23 V vs. SHE at pH = 0) for the water splitting reaction to be facilitated. Shifting the
VB position to more positive potentials or the CB position to more negative potentials would
increase the oxidizing or reducing power of the photocatalysts, respectively.” Thus improving solar
absorption by decreasing the bandgap constrains the actual photoactivity. In the context of charge
separation and transport, despite the coexistence of bulk and surface recombination, surface
recombination is expected to be dominant in nanometer-sized photocatalysts, as the diffusion
distance to the surface is short. One method to prevent surface recombination is fast removal of
one of the charge carriers. Hole scavengers, such as methanol, are often used to prevent the
electron-hole recombination by hole depletion and guarantee the hydrogen production.” 8 Another
method for reducing recombination is spatial charge separation within the material. Using this
approach, one strategy is to create surface domains where one of the charge carriers will be
accepted selectively, and thus one of the half reactions would be activated and restricted on these
domains. Generally these domains are electron sinks, such as Pt,® Au,'® NiOy,'* CrOx,*? or carbon
nanotubes.® Alternatively, the photoanode and photocathode can be separated spatially. As the
diffusion coefficients of H* and OH" in solution are high, the maximum distance between the
photoanode and the photocathode in water splitting can be a few centimeters, therefore the
oxidation reaction and the reduction reaction can be restricted to the photoanode and photocathode,
respectively.'* This separation of the photoelectrodes not only contributes to the efficiency, but
also to the safety of the reaction by avoiding the mixing of hydrogen and oxygen. In addition, the
electrode separation enables use of a wider selection of materials with a narrow bandgap to be used



as photocatalysts for water splitting as long as either the energy level of the CB is more negative
than the H*/H potential or the energy level of the VB is more positive than the O2/H.O potential.

Note S2. Principles of photocatalytic pollutant degradation.

Photocatalytic pollutant degradation, similar to photocatalytic water splitting, is a series of photon-
induced redox reactions.'® After absorbing the photons with energy greater than the bandgap,
photogenerated electrons and holes move to the surface of the photocatalysts and produce radicals
that react with the organic pollutants (Figure S1b). Different from photocatalytic water splitting in
which the reactants, intermediates and products are limited, the mechanism of photocatalytic
degradation is complex. In simple terms, once the OHe forms, organic pollutants attached to the
surface will be oxidized, and when complete degradation occurs CO2, H20 and ions are produced.
The reactions can be represented by the following Equations:

OH™ +h* > OH » (S4)
organic + OH « - H,0 + CO, (S5)

The oxidation of the organic pollutants may also take place directly with the holes when they are
tightly bound to the surface.

organic + h* - H,0 + CO, (S6)

In the half reduction reaction, absorbed oxygen molecules capture the electrons and form
superoxide radicals.

Ozqas) t e~ =05 (S7)

These superoxide radicals may be further protonated and capture more electrons.
0; e+ H* - HOO » (S8)

HOO ¢ +e~ > HO; (S9)

HO; + H* - H,0, (S10)

In contrast to water splitting, the overall photocatalytic degradation is thermodynamically
favorable.* As it is widely accepted that OHe radicals are capable of oxidizing organic pollutants,
the electron/hole recombination is the main obstacle for photocatalytic degradation.

Photocatalytic degradation, analogous to photocatalytic water splitting, consists primarily of three
steps: light absorption, charge separation and transport, and surface reaction. To increase the
breadth of solar energy utilized to the visible region, the photocatalyst bandgap is commonly
manipulated.’® Other than narrowing the bandgap, shifting the VB position to more positive
potentials increases the oxidizing power of the photocatalysts, and thus it is beneficial for the
formation of hydroxide radicals. On the other hand, shifting the CB position to more negative
potentials would promote electron transfer to oxygen species, forming more superoxide radicals,
which is then beneficial for some intermediate reactions of the degradation.® In addition to band
alignment, the prevention of charge recombination at the particle surface is also pivotal for gaining
high efficiency in photocatalytic degradation. Since the OHe radical is the most important product
in this process, the electrons generated simultaneously must be removed promptly to prolong the
life of the hydroxide radicals. In many cases, oxygen is used for this purpose.'® The absorbed



oxygen molecules can readily capture electrons at the surface of the photocatalysts and form
superoxide radicals. The removal of electrons prevents their accumulation and thus reduces the
charge recombination rate. Alternatively, noble metals or carbon nanotubes have been loaded on
the surface of photocatalysts as electron sinks to accept the photogenerated electrons.” 18

Distinct from water splitting, however, separation of the oxidation and reduction reactions in
different electrodes has little effect on the efficiency of degradation. This is because the diffusion
coefficients of the superoxide radicals are much smaller than that of H* and OH".*°® A large distance
between the active electrons and holes, therefore, may give rise to insufficient superoxide radicals
to participate in the degradation occurring at the sites of OHe formation. Surface reactions,
including the reactant adsorption, reaction at the active sites on the surface, and product desorption,
are also key for photocatalytic degradation.® Unlike water splitting, in which only a few species
participate, there are a large number of water contaminants that have completely different physical
and chemical properties (e.g., charge, size, polarity, structure). Therefore, the diffusion of the
contaminants from bulk to the surface of photocatalysts and the adsorption thereafter must be
considered carefully. According to the previous assumption, that once the OHe radicals are
generated and reach the contaminant molecules, the contaminants regardless of their types and
properties will begin the degradation process, it is expected that the degradation rate will be
enhanced provided that the adsorption of the contaminant molecules is in close proximity to the
photocatalytic sites on which the OHe form.?° Therefore, accessible surface area is important for
photocatalytic degradation: increasing the surface area of the photocatalyst, and thus the
photocatalytic sites, improves the efficiency of the degradation reactions.* Although many
pollutants can be degraded into CO> and water (molecules that will have little to no affect on the
photocatalyst surface), the formation of intermediates that adsorb to the surface may need to be
considered in some cases.?! 22



Table S1. Summary of titanate perovskite photocatalysts, their CB, VB and Bandgap, and results from various photocatalytic reactions

Catalyst Heterojunction/m  Co- CB(Vvs. VB (V Band- Incident Solution Other parameters H, evolution O; evolution Pollutant Ref
echanism catalyst SHE) VS. gap (eV) light
(Wi%) SHE)
STO single crystal = 3.2 uv 20 M NaOH 2.7 ymol h't 2
STO hierarchy sphere Pt (1%) 3.2 uv 20% methanol 202.6 umol h gt 2
STO nanoparticles 3.2 uv Water RhB 2
STO nanocubes uv Water RhB %
STO nanoparticles Pt (0.5%) 3.2 uv 50% methanol 276 ymol ht g* z
Vis 188 ymol h't gt
Bulk STO NiO (3%) -0.6 2.7 3.3 uv water 28 ymol h' gt 28
30 nm STO 0.9 2.7 3.7 19.4 ymol ht gt
6.5 nm STO -0.8 2.7 3.6 3 umol ht gt
Macroporous STO Pt (0.7%) 3.2 uv 10% methanol 3599 ymol h't gt 2
STO hollow sphere uv water Cr(VI) 30
STO nanowires 3.1 uv water RhB, MO, s
reactive
brilliant blue
(KN-R)
STO nanocrystals Pt (0.5%) 3.2 uv 20% methanol,  {023}/{001}=35/65 711 ymol ht g! 300 pmol ht g* 32
0.18 M KIO3
6-facet STO Pt (0.1%) 3.2 uv Water isotropic facets 787 umol h't m™2 381 pymol ht m2 s
nanocrystals Pt isotropic facets 660 umol h't m? 356 pmol h't m?
(0.1%)-
CO304
(0.01%)
18-facet STO Pt (0.1%) anisotropic facets 2083 ymol h*m? 1143 ymol h't m™2
nanocrystals Pt anisotropic facets 4089 uymol h*m2 2095 pmol h* m2
(0.1%)-
CO304
(0.01%)
Bulk Mn-doped STO Pt (0.5%) 2.7 Vis 10% methanol, 0.67 ymol h* g 9.0 ymol h't g 34
0.05M AgNO3;
Bulk Ru-doped STO Pt (0.5%) 1.9 Vis 10% methanol, 5.7 umol ht gt 13 ymol ht g? 34
0.05M AgNO;
Bulk Rh-doped STO Pt (0.5%) -0.2 2.1 2.3 Vis 10% methanol, 57.3 umol ht g* 34
(steady 0.05M AgNO;
state)
Bulk Ir-doped STO Pt (0.5%) 2.3 Vis 10% methanol, 28.7 umol ht g* 1.3 ymol h't g* 34
0.05M AgNO;
Cr-doped STO Vis Water DeNOy 35
nanoparticles
Cr-doped STO Pt(1%)  -0.2 2.1 2.3 Vis 20% methanol 330 pmol ht g 3
nanoparticles
Bulk Al-doped STO RhCrOy Solar Water 5.7 ymol h'* cm? 2.8 ymol h'* cm™2 37
(0.1%),
CoOOH



Fe-doped STO
nanoparticles
Fe-doped STO
nanoshperes

Bulk Cr,Ta-codpoed
STO

Bulk Cr,Sb-copoded
STO

Bulk Ni,Ta-codoped
STO

La,Cr-codoped STO
nanoparticles

Bulk Ag,Nb-codoped
STO

Bulk La,Rh-codoped
STO

Bulk La,Ni-codoped
STO

Mesoporous N-doped
STO

F-doped STO
nanoparticles

Bulk La,N-codoped
STO

Cr,N-codoped STO
nanoparticles

Bulk SiTrOs

SiTrOs nanoparticles

SiTrO3z4 nanoparticles

STO nanoparticles
Cr-doped STO
nanoparticles
STO nanopatrticles

STO nanocubes

BiVO4:Mo-Au/Z-
scheme

AgsPO./ Type Il
AgsPO,./ Type Il

BiOBr / Type Il

(0.3%),
TiO,
(3%)

Pt (1%)
Pt (0.3%)
Pt (0.1%)

Pt (0.5%)

Ru/RuOy

Pt (0.5%)
Pt (0.3%)

Pt (1%)

Ni/NiO,
(2.3%)

-0.6

-0.6

-0.39

-0.45

-0.79/
0.25
-0.71/
0.22

2.2

2.2

2.6

25

2.2

1.8

2.8

2.05

245/
2.67
251/
3.12

2.6

2.4

2.8

2.1

2.8

2.9

3.0

2.8

2.4

3.2

3.2

25

3.24/
2.42
3.22/
2.90

Vis

Vis

Vis

Vis

Vis

Vis

Vis

Solar

Vis

Vis

uv

Vis

Vis

Vis

uv

Solar

Solar

Vis

Vis

Vis

Water

Water

6.5% methanol
8% methanol
10% methanol,
0.02 M AgNO3
15% methanol,
5 M NaOH
Water

Water

Water

Water

gas

gas

15% methanol
gas

25% methanol,
1 M NaOH
10% methanol,
0.05 M AgNO3
Water

Gas

0.02 M AgNO;

Water

Reaction pressure:
10 kPa

CO,/H,0 generates
methane

Density of oxygen
vacancy: 6.7 x 10
19

Ag3PO4/ Cr-STO =
1:4

AgsPO,/ STO =
1:20

BiOBr/ STO =9:1

70 ymol h* gt
156 ymol h't gt
8 ymol h't gt
1089 ymol h' gt

20 ymol h't cm? 10 ymol ht cm?

427 ymol h't gt

2200 pmol h't gt

10 ymol ht gt 18 ymol ht gt

6 ymol h't gt 3 ymol ht gt

1316 ymol h g*

RhB

Tetracy-
cline (TC)

CH3;CHO

Malachite
Green (MG)
MB,MO,Rh
B

NOx

2-propanol

CO;

CO;

Reactive
blue 198,
Reactive
black 5,
Reactive
yellow 145

38

39

40

41

42

43

44

45

46

48

49

50

51

52

53

54

55

56

57



STO-TiO; hollow
multishell spheres
Bulk La,Rh-codoped
STO

Bulk La,Cr-codoped
STO

Cr-doped STO
nanoparticles

STO-TiO, nanotubes
STO nanopatrticles

CaTiO; nanopatrticles
Bulk Cu-doped
CaTi03

Cu-doped CaTiO3
nanoparticles
Na,Eu-codoped
CaTiO3 nanopatrticles
Bulk Ag,La-codoped
CaTiOs

Bulk Rh-doped
CaTiOs
La,Cr-codoped
CaTiO;3 hollow cubes
CaTiO3 nanopatrticles

Fe-doped BaTiO3
nanoparticles
Rh-doped BaTiO3
nanoparticles
Cr-doped BaTiO3
nanoparticles
BaTiO3; nanoparticles

LazFeTiOG
nanoparticles
CaCU3Ti4012
nanoparticles

CaCU3Ti4012
nanoparticles

TiO2 / Type Il

Ta3N5-Ir | Z-
scheme
WO; / Z-scheme

AgsPO,-
MWCNTs/ Z-
scheme

AuzCu (0.4 %) /
surface plasmon
Au@Cds /
surface plasmon

Ag/AgCl/
surface plasmon,
Z-scheme

WOj; / Z-scheme

CUBizO4 | Z-
scheme

Pt (1%)
Ru

(0.2%)
Pt (0.5%)

Pt (1%)

NiOx

Pt (0.1%)
Pt (0.1%)

Pt (1%)

Pt
(0.25%)

-0.79/
0.33

-0.65

CaTiOg: -
0.93
AgCl: -
0.06

0.08 /-
0.63

-0.13

0.82

1.69/
2.59

3.0

CaTio
30 2.72
AgCl:
3.2

3.38/
1.13

2.35

3.2~3.3

2.52

248/
2.26

3.65

2.2~2.7

3.3-35

2.49

CaTiOa:
3.65
AgCl:
3.26
2.2~2.4

3.3/1.76

2.48

uv

Solar

Vis

Vis

Solar

Vis

uv
Vis

Vis

uv

Vis

Vis

Vis

Vis

Vis

Vis

uv

Vis

Vis

Water

HzSO4, pH =
3.9

0.002 M Nal,
1% methanol
Water

Gas

0.05 NagS, 0.1
M Na803
Water

Water

20% methanol
Water

5% methanol
10% methanol

0.05 M Na2503

Water

Water

10% methanol,
0.01 M Nal

0.1 MKOH, 0.3
M NyH,

Water

Water

Water

Water

3 shells

Cr-STO (7.5 wo)

N;H,4 as H source

Octahedron
shaped particles

prepared in molten

KCI
Intrinsic type Il
heterojunction

between {001} and

{111}

212 ymol ht g*
280 umol ht g*

91 pymol ht gt

725.4 ymol h' gt

1091 umol h't g
22.7 ymol ht gt

146 pmol h't gt

10.1 ymol h gt
16.6 umol h't g*

164 ymol h't gt

308 umol ht g*

102 ymol h't gt

24 ymol ht gt

MG

CO,

As(lll)

MB

RhB, MO,

MO

Nitroben-
zene (NB)
Norfloxacin
Phenol

TC

TC

58

59

60

61

62

63

64
65

66

67

68

69

70

71

72,

74

75

76

77

78

79

73



Bulk KzLa;TizO10
Bulk RbzLa;TisO10
Bulk Cs,La,TisO10
Bulk K;La,TizO10

Zn,N-codoped
KzLazTi3olo
nanoparticles
Bulk Ce-doped
KzLazTigolo
Bulk V-doped
KzLazTigolo
Bulk N-doped
KzLazTisolo
Bulk KzLazTi30]_o

Bulk La,Fe-codoped
SrzTiO4

Bulk La,Cr-codoped
SrzTiO4

Bulk La,Rh-codoped
SrzTiO4
La,Cr-codoped
Sr,TiO4 nanoparticles
Bulk Bi4Ti3012
Cr-doped BisTizO12
BisTisO12 nanosheets

Cr—doped Bi4Ti3012
nanosheets

BisTi3O12
nanoparticles
BisTi3O12 nanosheets

Bi4Ti3012
nanoparticles

Bi4Ti3012
nanoparticles
BisTi3012 nanosheets

CdS / light
absorber

La,Cr-codoped
STO/ Type ll

Au nanorods /
surface plasmon

CuS / Type ll

CuFe;0, / Type
I, p-n junction
BiOl / Type Il

NiO,
(3%)
NiOy
(4%)
NiOy
(3%)
Ni (3%) -
Cr (0.5%)

Pt (2%)

Pt (1%)
Pt(1%)  -0.69 1.74
Pt

(0.25%)
Pt (1%)

-0.11/ 2.85/
0.04 1.52
-0.23/ 297/
0.57 212

3.63

2.67

3.44

3.2

2.43

2.54

3.1

2.9

2.4

3.2~3.3

2.47

2.96/
1.48

3.2/1.55

uv

uv

uv

uv

Vis

uv
uv
uv
uv
uv
Vis
Vis
Vis
uv
Vis
uv
Vis
uv

Vis

Vis

Vis

Vis

0.1 M KOH
0.1 M RbOH
pH = 10

10% methanol

Water

Water

0.056 M KI

0.1 M methanol
0.1 M Na;S
0.05 M Na,SOs3
0.05 M Na,SO3
0.05 M Na,SO3
20% methanol
5% methanol
5% methanol
Water

5% methanol

Water

Water

Water

Water

Water

{001} facets
exposed

{010} facets are
inactive
Ultrasonic
assistance

Positive
polarization

444 ymol ht gt 221 uymol h't g*

869 umol h g* 430 uymol ht g*
700 ymol ht gt 340 pymol h't gt

885 umol h' gt 442 ymol h gt

50 ymol h' gt
96 ymol h' gt
7.2 ymol h't gt
50.5 ymol h* gt
1062 pmol ht gt
170 ymol h't gt
400 ymol h't gt
24 pymol ht gt

0.6 ymol h't g 3 umol ht gt

58.1 umol h't g*

117 ymol h't gt

RhB

RhB

MO

RhB, a-
Naphthol
(a-NP)
2-methyl-4-
chlorophen
oxyacetic
acid
(MCPA)
MO

RhB

80

80

80

81

82

83

84

85

86

87

88

89

920

91

92

93

93

94

95

96

98



BisTisO12 g-C3N, / Type I, -0.05/ - 2.79/ 2.84/ Vis Water Acid
nanoparticles p-n junction 1.12 1.56 2.68 Orange-ll
(AO-7)
BisFeTizO1s 2.08 Vis Water RhB
hierarchical flowers
BisFeTizO1s -0.47~- 2.51- 1.92~2.1 Vis Water Nanoflowers show TC
nanoparticles with 0.59 2.60 3 the best
different morphologies photoactivity
Bulk La-doped 2.0-27 Solar Water RhB
Bi5FeTi3015
BisFeTizO1s g-CsNs—Ag / Z- 0.22/- 225/ 2.03/ Vis Water TC
nanosheets scheme 1.06 1.65 2.71
Cr,Nb-codped Pt (1%) 2.15 Vis 0.05 M Na;SO03 230 ymol ht g?
BisTiNbOg
nanoparticles
Sr,BayNb,TiO;2 2.11 Solar Gas Vo serves as active CO;
nanoparticles sites
Bulk La,Ti,O; NiOx 3.8 uv Water 614 uymol ht g* 304 ymol ht g*
Bulk Ca-doped NiOy uv Water 850 umol ht g*
LazTizO7 (1%)
Bulk Sr-doped NiOy uv Water 1510 ymol h! gt
LazTi207 (1%)
Bulk Ba-doped NiOx uv Water 2010 ymol h't gt
LazTizo7 (1%)
Bulk Cr-doped Pt (1%) 2.2 Vis 33% methanol 15 uymol ht gt
LazTizo7
Bulk Fe-doped Pt (1%) 2.6 Vis 33% methanol 10 ymol ht gt
LazTizO7
N-doped La,Ti,O7 g-CsNg / Type ll Pt (2%) -0.63/ - 2541 3.17/ Vis 20% methanol 430 ymol ht gt
nanosheets 0.83 1.82 2.65
La,Ti,O; nanosheets Bi;WOQg / Type I, -0.56/ 2.69/ 3.25/ Vis Water RhB
p-n junction 0.3 2.77 2.47
La,Ti,O7 BiOBr / Type I, -0.39/ 3.33/ 3.72/ Vis Water RhB
nanoparticles p-n junction 0.25 3.03 2.78
N-doped La,Ti,O; r-GO-Au / Pt Vis 1M NaOH 163.4 ymol h't g
nanoparticles surface plasmon  (1.55%)
La,Ti,O; nanosheets black -0.43 29 3.33 Vis/NIR  20% methanol Vis :740 ymol h!
phosphorus — Au g%, NIR: 300 ymol
/ surface htg?
plasmon
La,Ti,O7 r-GO —NiFe / -0.59 2.58 3.2 Solar 10% TEOA, 532 ymol ht g?
nanoparticles hole capturer 0.01 M NalOs
Bulk La,TisO12 NiOx 3.95 uv Water 714 ymol ht g 358 pymol h't gt
(0.6%)
Bulk CaLa,Ti4O1s NiOy 3.79 uv Water 1186 ymol h' g* 552 ymol h' g*
(0.2%)
Bulk SrLasTi4O1s NiOx 3.82 uv Water 2342 ymol h't gt 1092 umol ht gt
(0.7%)

101

102

103

104

105

106
107

107

107

107

107

108

109

110

111

112

113

114

114

114



Bulk BaLayTisO1s NiOx 3.85 uv Water 4600 ymol h'* g 2308 ymol h't gt 114
(0.5%)
Bulk BaLayTisO1s Ni (0.5%) uv 0.01 M H3BO3, 480 ymol h't gt 1100 umol ht gt NO3z 15
0.01M Na,SO3
Bulk BaLayTisO1s Ag (1%) 3.9 uv Gas CO:; flow rate: 15 67 ymol ht gt 37 ymol h't gt CO; 116
mL min?
Bulk BaLayTi,O1s Au@Cr; uv 10% methanol 6064 pmol h* g 3000 pymol ht gt 7
Os
(0.1%@0
.5%)
Table S2. Summary of ferrite perovskite photocatalysts, their CB, VB and Bandgap, and results from various photocatalytic reactions
Catalyst Heterojunction/m  Co-catalyst CB(V VB (V Bandgap Incident Solution Other parameters H, evolution O, evolution Pollutant Ref
echanism (wt%o) VS, VS. (eV) light
SHE)  SHE)
BFO nanoparticles 1.8-23 Vis Water Bandgap is CR 18
affected by
morphologies
BFO nanoparticles Graphene 1.87 Vis Water Fe-O-C bonds CR 19
affects bandgap
BFO hollow sphere 2.1 Vis Water RhB, 4- 120
Chlorophen
ol (4-CP)
Ba-doped BFO Vis Water CR 19
nanofibers
Ca-doped BFO Vis Water CR 121
nanofibers
Mn-doped BFO 1.97 Vis Water Acid red-58 122
nanoparticles (AR-58)
Gd-doped BFO 2.03 Vis Water RhB 123
nanoparticles
Gd,Sn-codoped BFO 2.06 Vis Water CR, MB 124
nanoparticles
Sr,Co-codoped BFO 0.445 2.315 1.87 Vis Water RhB 125
nanoparticles
La,Se-codoped BFO 1.94 Vis Water CR 124
nanoparticles
Gd,Co-codoped BFO 1.77 Vis Water 74.57 umol h't cm2 126
nanoparticles
BFO-STO solid Pt (1%) 2.2 Vis 0.05 M Na,S Sr:Bi=0.6:0.4 50 pmol ht gt 127
solution
BFO nanofibers TiO, / Type I, p- 0.54/- 263/ 2.09/3.2 \Vis Water MB 128
n junction 0.3 29



BFO nanotubes array ~ TiO, / Type Il, p- 2121/ Vis Water RhB 129

n junction 3.16
Porous BFO TiO, / Type Il, p- Pt (1%) 0.21/- 228/ 207/32 Vis 20% methanol 8 umol h't gt 130
nanoparticles n junction 0.2 3.0
BFO@TiO, Vis Water Ultrasonic Methyl 131
core@shell assistance violet (MV)
BFO nanoparticles BiVO, / Type Il, 0.6/ 2.6/ 2.0/23 Vis Water RhB 182
p-n junction 0.5 2.8
BFO nanocubes g-CsN4 / Type li 0.10/- 23/ 22127 Vis Water MO 133
1.13 1.57
BFO nanoparticles g-C3N4 / Z- 0.60/- 276/ 216/ Vis Water RhB 134
scheme 0.86 1.91 2.77
BFO nanoparticles g-C3N4 / Z- 032/- 260/ 232/ Vis Water 23.31 ymol h gt 135
scheme 1.15 1.65 2.80
BFO nanowires Au / surface 2.35 Vis 4 mM FeClz 120 ymol h't gt 136
plasmon
BFO nanoparticles NaYF4:Yb,Er/ 2.0 Vis/NIR  Water 4-CP, MO ®
upconversion
LaFeO; nanoparticles 20-21 Vis Water Bandgap is RhB 187
affected by
morphologies
Ca-doped LaFeO3 Vis Water 4-MP 138
nanoparticles
floral-like LaFeOs3 2.1 Vis Water RhB, MB 139
nanostructures
PrFeO; nanoparticles 2.52 Vis Water RhB 140
YFeOj3 nanoparticles 2.46 Vis Water RhB 140
SrFeO3 nanoparticles 1.80 Vis Water MB 41
LaFeOs; nanoparticles  TiO, / Type Il 0.2/- 2.2 2.0/3.2 Vis Water RhB 142
0.3 2.9
Nanocast Vis Water 2-CP 143
mesoporous LaFeO;
Bi-doped porous ZnO / Type Il, p- 02/- 221/ 2.0/3.2 Vis Water 2,4- 144
LaFeOs n junction 0.1 3.1 dichlorophe
nol (2,4-
DCP)
Ti-doped LaFeO; 2.1 Vis Water 4-CP 145
nanoparticles
LaFeO; nanoparticles  g-C3N4 / Z- Pt (3%) 0.11/- 2.03/ 1.92/ Vis 10% TEOA 158 ymol h't gt 146
scheme 1.28 1.54 2.82
LaFeOs spheres g-C3Ny / Z- 0.02/- 211/ 2.09/29 Vis Water Brilliant 147
scheme 0.96 1.94 Blue (BB)
Truncated hexagonal 2.15 Vis Water RhB 148

bi-pyramidal GeFeO;

11



Table S3. Summary of niobate perovskite photocatalysts, their CB, VB and Bandgap, and results from various photocatalytic reactions

Catalyst Heterojunction/m  Co-catalyst CB(V VB (V Bandgap Incident Solution Other parameters H, evolution O, evolution Pollutant Ref
echanism (Wt%) Vs. VS. (eV) light
SHE) SHE)
Orthorhombic KNbO3 Pt (1.5%) 3.15 uv 25% methanol 1.0 ym cubes 333 ymol ht g 149
Tetragonal KNbO; Pt (1.5%) 3.08 uv 25% methanol 3.3 ym cubes 118 ymol h't gt 149
Cubic KNbO3 Pt (1.5%) 3.24 uv 25% methanol 0.3 ym cubes 1242 ymol h't g* 149
Orthorhombic KNbO3 3.25 uv Water {010} {101} RhB 150
nanowire exposed facets
Monoclinic KNbO3 3.15 uv Water {010} {001} {100} RhB 150
nanowire exposed facets
KNbO3 nanowire Au (4.2 & 8.0 %) 3.81 UV / Vis Water 5or 10 nm Au RhB 151
/ surface
plasmon
KNbO3 nanorod Au (4.2 & 8.0 %) 3.74 UV / Vis Water 5or 10 nm Au RhB 151
/ surface
plasmon
KNbO; 3.06 Solar 5 uymol h't gt 152
C-doped KNbO; Pt (0.37%) Solar 20% methanol Glucose as carbon 211 ymol h g*! 152
precursor
C-doped KNbO3 Pt (0.37%) Vis 20% methanol Glucose as carbon ~ 12.4 ymol h* g 152
precursor
KNbO; nanotubes r-GO / electron 3.13 UV Vis Water RhB 153
acceptor
KNbO; nanoscrolls r-GO / electron 3.13 uv 20% methanol 2% rGO 250 ymol ht g? 154
acceptor
KNbO; nanoparticles g-CsN4 / Type I Pt (0.5%) -0.81/ 239/ 3.20/ Vis Gas CO; 155
-1.33 1.57 2.90
KNbO3 nanowires MoS; / Type Il 3.24/ Solar 15% TEOA Ultrasonic 96 ymol h' gt 156
1.35 assistanc
KNbO3 nanoparticles Carbon QDs / Vis Water 469 ymol ht g* 157
light absorber
KNbO3; nanorod Ag (0.5%) / Pt (0.37%) 3.13 Solar Methanol 2116 ymol h't gt 158
surface plasmon
KNbO;z nanorod Ag (0.1-1%) / 3.13 Solar Water RhB 158
surface plasmon
KNbO;z nanorod Ag (0.1-1%) / 3.13 Solar/ UV 5% ethanol N fixation 158
surface plasmon / Vis
KNbO3 nanofiber 3.63 UV-Vis Water Spontaneous RhB 159

polarization in
ferroelectric KNbO3

Cubic NaNbO; Pt (0.5%) 3.29 UV-Vis 18.5% 28.6 m?g* 127 ymol h't g* CO, 160
Methanol reduction

Orthorhombic Pt (0.5%) 3.45 UV-Vis 18.5% 26.4m? gt 72.3 ymol ht gt CO; 160

NaNbO; Methanol reduction

12



NaNbO; nanofiber

Mixed-phase NaNbO3

NaNbO;
NaNbO;
NaNbO;
NaNbO3
NaNbO3
NaNbO;
N-doped NaNbO3

N-doped NaNbO3

La-doped AgNbO;

nanoparticles

nanoparticles
Ang03-NaNbO3
solid solution
SrNb,Og bulk
SrNbQOe bulk
SrNb,O¢ bulk
SrNb,Og¢ nanotube
SrNb,Og nanotube
SrNb,Og¢ nanotube
SrNb,O¢ nanorod

Sr,Nb,0O; nanoflake

SrNb,O¢ nanorod

g-CsN4 / Type |l
g-C3N4 / Type Il

BiOl / p-n
junction

MoS; / p-n
junction

BiVO,4/ p-n
junction

WO; / Z-scheme

0.5% N-doped
rGO / electron
extractor

g-C3N4 / Type Il

Ag@AgCl/ Type
II, surface
plasmon

AgBr/ Type Il

Pt (0.5%)

Pt (0.5%)

Pt (0.5%)

Pt (0.37%)
Pt (0.37%)

NiOx
NiOx

Pt

RUOZ
(0.5%)

-0.77/
-1.13
-0.60/
-1.08

-0.23/
-0.29
-0.23/
0.2
-0.69/
0.80

-0.34
-0.34/
-1.08

-0.81/
0.00

2.63/
15
2.81/
1.60

3.04/

3.04/
2.9
257/
3.37

1.99
1.99/
1.66

2.05/
2.60

3.80

3.40/
2.43
3.41/
2.68
3.40

3.27/
2.09
3.27127

3.26/
2.57
3.18

3.18

2.33
2.33/
2.74
2.80

2.75

2.86/
2.60
2.39 -
3.0
3.89
3.89
3.89
3.80
3.80
3.80
3.86

3.97

3.90

UV-Vis
UV-Vis

Vis

Vis

Vis

UV-Vis

Solar

Solar

Solar

Solar

Vis

Vis

Vis
Vis
uv
uv
uv
uv
uv
UV-Vis
UV-Vis

uv

Water
Gas phase

Water
Water
Water
Water
Water
Water
20% methanol
20% methanol
20% methanol
20% methanol

Gas phase

Water

Water
Water

Water
Water
Water
Water
Water
Water
Water

Water

Water
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Anti-ferroelectric
Cubic-
orthorhombic
surface-junctions
improved charge
separation

2-3 ym cubes

~100 nm cubes

~100 nm cubes

Urea as N 241 ymol ht g
precursor

Urea as N 2342 ymol ht gt
precursor

1.5 ymol h't g*
88.0 umol h' gt

40% NaNbO3

3.4 ymol ht gt
13.3 ymol h g?
35.0 ymol ht gt
11.0 ymol h't g?
40.0 ymol h g
102.0 ymol h't g

435 ymol h't gt

RhB
CO,
reduction

CO,
reduction
RhB, MO,
TC

MB

RhB
RhB

RhB, MB,
Cr2072'

2-propanol
decompositi
on

MB

MB

2-propanol
(IPA)

CO,
reduction
CO,
reduction

159
161

162

163

164

165

166

167

167

168

168

169

170

171

172

173
173
173
173
173
173
174

174

175



Sr,Nb,O- ribbon

N-doped KCasz3Om
nanosheets

N,Nb**-doped
Kcasz30m
nanoparticles
Kcasz30m
nanosheets
Kcasz30]_0
nanoparticles
Kcaszg,O]_o
nanosheets
Bulk Bag,Nb4Om

RuO, 4.00
(0.5%)
RhO, (1%)

Pt (0.5%) 2.47

Ru (0.25%)
Rh,03 (1%)
1 nm Pt

(1%)
NiO (0.7%) 3.9

uv

Vis

Vis

uv

uv

uv

uv

Water

20% methanol
(Hz), 0.2 M
AgNO:s (O)
20% methanol
Water

10% methanol

0.01 M Nal

Water

14

1D single crystal

0.99 Na* exchange

Acid exchange

475 ymol ht gt

0.4 ymol ht g

1073 pmol ht gt

393 uymol ht gt
~1000 pmol ht g*
160 pmol ht gt

4732 ymol h't gt

25 ymol h' g*

187 ymol h't g*

50 ymol h* g*

2278 ymol h't gt

175

176

177

178

179

181



Table S4. Summary of other oxide perovskite photocatalysts, their CB, VB and Bandgap, and results from various photocatalytic reactions

Catalyst Heterojunction/m  Co-catalyst CB(V VB (V Bandgap Incident Solution Other parameters H, evolution O; evolution Pollutant Ref
echanism (Wt%) VS. VS. (eVv) light
SHE) SHE)
Bulk Bi,WOg Pt (1%) 2.8 Vis 5% methanol, 1.6 ymol ht g 34 pymol ht gt o
0.05 M AgNO;
Bi,WO¢ nanoparticles 0.25 3.15 2.9 Vis Water RhB 182
Bi;WOs hollow tubes 2.85 Vis Water RhB 183
Bi,WO¢ nanoparticles  BiFe,Oq / Z- 0.525/ 3.225/ 271/2.09 Vis Water RhB 184
scheme -0.9 1.19
Bi,WOg nanoparticles ~ WOs-Ag / Z- -0.66/ 216/ 282/ Solar Water Chlorobenz 18
scheme, surface 0.88 3.41 2.53 ene
plasmon
Bi,WOs nanoplates 0.31 2.44 2.75 Vis Gas CO; 186
Bi,WOs nanoplates C030, 2.8 Solar Water 8 ymol h'* cm? 187
Flower-like Bi,WOs 2.75 Vis Water RhB 188
superstructures
Bi,WOs hollow 2.76 Vis Water Flow rate: 0.2 mL CO; 189
microspheres min
Flower-like Bi,WOs 2.81 Vis 0.067 M alcohol Benzylic 190
alcohols
(BA)
Bi,WOg nanoparticles 2.94 — Vis Water Bandgap is RhB 191
3.04 affected by
morphologies
Bi,WOg thin film 3.0 Solar Water Thickness: 627 nm 4-CP, 4-NP 192
deposited on stainless
steel mess
Bi,WOs nanoplates Hemin 0.13 Vis Water TC 198
Single unit cell 3.47 Solar Gas CO; 194
BizWOG Iayel'
Bi,WOg 2D ordered Vis 1 M NaOH 1.1 ymol h* cm™2 0.4 ymol h't cm? 195
array
Gd-doped flower-like 2.71 Vis Water RhB 196
Bi,WOsg
Er-doped flower-like 2.72 Vis Water RhB 197
Bi,WOs¢
Ce,F-codoped flower- 2.71 Vis Water Ce**/Ce* redox RhB 198
like Bi,WOg centers
Sm,N-codoped 2.74 Vis Water Sm**/Sm?* redox RhB 199
Bi,WOs nanoplates centers
Bi,WO¢ nanoplates Au / surface -0.3 2.44 2.74 Vis Water BA 197
plasmon
Flower-like Bi,WOs Pt (0.75%) Vis Water HCHO 200
Flower-like Bi,WOs Ag / surface Vis Water RhB, MO, 201
plasmon MB, phenol

15



Bi;WOQO; nanosheets

Monolayer Bi;WOg
nanosheets

Bi,WOg nanosheets

Bi,WOQOg quadrilateral
Nanosheets
Bi,WOQOg nanosheets

Bi;WOQO; nanosheets

Bulk BizMOOs
Flower-like Bi,M0oQOg

Mesoporous Bi,MoOg

Bi,M0oOg nanowires

Bi,M0Os¢
nanoparticles
Bi:M0oOg nanosheets
Bi:MoOs nanosheets
BizMOOs
nanoparticles

BizMOOs
nanoparticles
Hierarchical Bi,M0oOs
spheres

Flower-like Bi,M0Og
spheres with oxygen
vacancies

Ce-doped Bi;M0Og
nanoparticles

Zn-doped Bi;M0Og¢
nanoparticles
Ti-doped Bi;M0Og¢
nanorods

Bi,MoOg hollow
spheres

Bi / surface
plaomon

Black
phosphorus / Z-
scheme

TiO, / Z-scheme

Pt (3%)

WO,-Cu / Z-
scheme

TizC, / electron
extractor
Amorphous
BiOCI

AgsPO, / Type Il

Fe,03 / electron
extractor

AgBr-Ag / Z-
scheme

0.26 /-
0.8

0.23/-
0.39
-1.15/
-0.22
-0.38

-0.45

-0.32/
0.3

-0.34

-0.28 -
-0.37

-0.36 -
-0.44
-0.53

2,93/
0.7

2.93/
2.81
1.32/
231
2.52

2.33

2.38/
2.9

2.11

2.27 -
2.26

20-
2.24
1.81-
1.95

~2.7

267115

2.713.2

2471
2.53
2.90

2.78

2.70
2.70/
2.60
2.62

2.58 —
2.60
2.45

2.55 -
2.63

2.38 -
2.52
2.36 —
2.68
2.34 -
2.48

2.73

2.26

Vis

Vis

Vis

Vis

Solar

Vis

Vis
Vis

Vis

Vis

Vis
Vis
Vis
Vis

Vis

Vis

Vis

Vis

Vis

Vis

Vis

Water

Water / gas

Water

Gas

Water

Toluene:
acetonitrile=1:3
0.05 M AgNO3
Water

Water

Water

Water
Water

Water
Water / gas

Water
Water

Water

Water

Water
Water

Water

16

4208 ymol h't g

Oz 1 atm

110 ymol h't gt

Synthesis
temperature affects
morphologies

pH values affect
morphologies

Vo affects band
structure and
serves as active
sites

Vo affects light
absorption

Vo serves as
electron donors

BA, 1-
phenyletha
nol

NO

4-NA

CO,

CO,

Toluene
oxidation

RhB

RhB,
Bisphenol A
(BPA)

RhB, MB
MB, MO

BA

NB
CO;

CIP

BA
Phenol
b-NNP, 4-
NP, MB,
RhB, MP
RhB

MB

ARS

202

203

10

204

205

206

207
208

209

211

212

213
214

214

215

216

217

218

219

220



Bi:M0oOg nanosheets

Bi:M0oOg nanosheets

BizMOOe
nanoparticles
BizMOOe
nanoparticles
Flower-like Bi,M0Og
spheres

Bi,M0oO¢ nanosheets

Flower-like Bi,M0oOg
spheres
Flower-like Bi,M0oQOg
spheres
Bi:M0oOg nanosheets

BizMOOG
nanoparticles
Bi,M0Os¢
nanoparticles
Bi,M0Os
nanoparticles
Bulk SrSnO;

Bulk CaSnO;

CaSnO; nanocubes
SrSnO3 nanorods
BaSnO; nanorods
BaSn0;-SrSn0O; solid
solution

CaSnO; hanocubes

SrSn0O3; nanorods
SrSn0O; nanoparticles

SrSn0O; nanoparticles
SrSn0O; nanorods

N-doped SrSnO;
nanoparticles
Bulk BaSnO3

AgCI-Ag / Z- -0.13/
scheme, surface -0.06
plasmon
AgsVO,/ Type Il -0.32/
0.04
AgsPOs-Ag/ Z- -0.31/
scheme 0.25
MIL(100)-Fe / -0.24/
Type Il -0.65
Ag.0 / Type Il, -0.32/
p-n junction 0.14
CdS-Bi/ z- Pt (0.6%) -0.29/
scheme -0.52
Agl / Z-scheme -0.16/
-0.5
Ag / surface
plasmon
TiO2 / Type I, Au
/ surface
plasmon
Bi / Light -0.32
sensitizers
g-CsN4/ Type Il
TiOo/ Typle Il
RUOZ
(1.25%)
Pt (0.5%) -1.46
RuO, (1%)
Pt (0.5%)
Rh -1.37
(0.025%)
NiOy (1%)
-0.1
Pt (0.5%) -0.69

245/
3.2

271/
2.24
2.33/
2.67
234/
1.85
232/
1.44
2.33/
1.82
2241
2.23

2.34

2.98

2.69

2.48

241

2.58/
3.26

3.04/
2.20
2.64/
2.42
2.58/
2.50
2.64/
1.30
2.62/
2.34
240/
2.73
2.64

2.75/13.2

2.66

2.45/3.08
41
4.44
45

4.27
3.16
3-4
415

41

4.06

4.04
3.4-36

2.58

3.10

Vis

Vis

Vis

Vis

Vis

Vis

Vis

Vis

Vis

Vis
Vis
Vis
uv
uv
uv
uv
uv
uv
uv
uv
uv

uv
uv

Vis

uv

Water

Water

Water

Water

Water

0.25 NaySOs,
0.35 NayS
Water

Water

Water

Water

O, flow rate: 3 mL
mint
O, flow rate: 3 mL
mint

Toluene

Toluene

Water

13.5%
methanol
Water
Water
Water
Water Ba:Sr=3:1

Water

15% methanol
10% methanol

Water

Water {100} facets are of
high activity

Water

13.5%

methanol

17

7370 ymol ht gt

227.2 ymol ht gt

1630 pmol ht gt

480 ymol h't gt

8200 ymol h't gt
220 ymol ht g

235.6 ymol h' g*

248 ymol h gt

113.5 ymol h't gt

RhB, MO

RhB
RhB
RhB

RhB

Bacteria

RhB, MO,
MB

MB,
benzene
series
compounds
RhB

Toluene
oxidation
Toluene
oxidation

MO
MO
MO

acid blue
92, acid
brown 14

MB

MB

221

222

223

224

225

226

227

228

229

231

232

233

234

230

230

230

235

236

237

238

239
240

241

234



Fe-doped BaSnO3 1.7 Vis Water remazol 242
nanoparticles

BaSn0s -0.41 1.76 217 Solar Water NaBH4: 3M 127.6 ymol h*cm~ 63.8 ymol h™* cm? 243
nanoparticles 2
Bulk BaZrOs -1.8 3 4.8 uv Water 500 ymol ht gt 244
Sn-doped BazZrO3 ~3.3 uv Water 690 umol h g* 185 ymol h't gt 245
nanoparticles
BazrOj3 hollow -3.29 1.75 5.04 uv Water With Vo 67.98 ymol h' g* 246
nanoparticles
Cubic-like BaZrOs; -1.81 1.59 3.40 uv 10% TEOA, {001} facets show 27.8 umol h't gt 247
nanoparticles 0.03 M AgNO3 high reduction
ability
Bi-doped BaZrOs; 3.35 uv Water MB 248
nanoparticles
Fe-doped BazZrOs; -1.63 1.21 2.84 Vis 25% methanol 9.45 ymol h* gt 249
hollow nanoparticles
Ce-doped BazrO; 0342 1.848  2.19 Vis 0.25 M Na,SOs, 823 pmol ht g 250
hollow nanoparticles 0.35 NayS
LaCoO; hollow 2.07 Vis Water MB =1
spheres
LaCoO; nanoparticles 2.32 Vis 1.5 M methanol 106 ymol h't gt 2
LaNiO; nanoparticles 2.42 Vis 12.5% HCHO 33 ymol ht gt 3
LaNiO; nanoparticles ~ CdS / Type |l -045/ 197/ 242/ Vis Na,S/Na,SOs; 3700 ymol h't gt 254
-0.51 1.89 2.40 0.1 M
LaNiO; nanoparticles ~ TiO, / Z-scheme -045/ 197/ 242/ Vis Water MO 255
-0.29 291 3.20

LaMnO;3 nanoparticles  g-C3N4 / Z- 0.01/- 1.95/ 1.94/ Vis Water TC 256

scheme 1.12 1.56 2.68
LaMnO; nanoparticles 1.84 Vis Water 21 nm RhB 257
BisV2011 BiVO, / Type Il 222/ Vis Water RhB 258
nanoparticles 2.49
BisV2011 Bi,O3 / Type Il -0.23/ 261/ 238/ Vis Water MO 259
nanoparticles -0.93 1.33 2.26
Bi,V,011 ZnRh,0O4-Au / Z- 165/1.2 Vis Water 0.32 ymol h't gt 0.13 umol ht gt 260
nanoparticles scheme
BisV2011 Bi:M0Og / Type Il 0.46/- 248/ 2.02/ Vis Water MB, Cr(VI) 261
nanoparticles 0.19 2.43 2.62
BisV2011 Bi;WQs / Type Il 0.46/- 261/ 2.15/ Vis Water Cr(VI) 260
nanoparticles 0.26 3.1 2.84
Bi,V.011 CdS / Z-scheme 0.55/- 281/ 226/ Vis Water CIP 262
nanoparticles 0.62 1.72 2.34
BisV2011 TiO, / Type Il 061/- 276/ 215/ Vis Water RhB- sensitized RhB 263
nanoparticles 0.34 2.95 3.29
BisV,01; nanofibers a-phase-B-phase 2.16/ Vis Water Cr(Vl), MB, 24

junction / Type Il 2.06 N fixation

18



Table S5. Summary of halide perovskite-based photocatalysts, their CB, VB and Bandgap, and results from various photocatalytic reactions

Catalyst Heterojunction/m  Co-catalyst CB(V VB (V Bandgap Incident Solution Other parameters H, evolution O; evolution Pollutant Ref
echanism (Wt%) VS. VS. (eVv) light
SHE) SHE)
CsSnBr3 1.74 Vis Water Violet dye 265
nanoparticles
(HDA),Snl, 1.9 Vis liquid Indoline-2- 266
nanoparticles carboxylic
acids
dehydrogen
ation
DMASNI; 1.32- Vis Water 3.2umol htg? 27
nanocrystals 2.48
MASNI; nanoparticles  TiO, / p-n 1.3/3.2 Vis Water RhB 268
junction
Cs,Snls nanoparticles  SnS,/ Type I 1.32/ Vis 50% methanol CO; pressure: 1 CO; 269
2.17 atm
MA:BI,lg Pt 1.98 Vis Saturated HI 169.21 pmol h g 270
nanoparticles solution 1
MA:BI,lg -1.19 1.21 2.4 Vis Gas Flow rate: 50 mL CO; an
nanoparticles min?t
Rb3Bi,lg nanoparticles -1.01 1.39 2.4 Vis Gas Flow rate: 50 mL CO, 27
min?t
Cs3Bizlg nanoparticles -1.27 1.23 25 Vis Gas Flow rate: 50 mL CO, 27
min?t
Cs3Bizlg nanoparticles 1.94 Solar Saturated HI 42 umol ht gt 212
solution with
C52CO3
Cs3Bizlg nanoparticles 1.95 Vis Water RhB 273
Css3Bizlg nanoparticles  g-CsN4 / z- 1.8/27 Vis Water 9-C3N4/Cs3Bialo: MB, MO 274
scheme 10/0.1 w%
Cs3Bizlg nanoparticles  TiO, / Type Il ~2.0/3.2 Vis 0.1 M methanol 275
Cs3Bizlg nanoparticles  Bi,WOs / z- -1.1/- 0.83/2. 1.93/2.69 Solar Gas CO.: 66 216
scheme 0.1 59 umol g* CO
Cs3BizBrg 2.7 Vis Liquid Ring- 2n
nanoparticles opening
reactions of
epoxides
Cs3BiBrg SBA-15 -0.57 2.17 2.74 Vis Liquid Hydrocarbo 278
nanoparticles n oxidation
Cs,AgBIBrs -0.41 2.11 2.52 Solar Gas CO, 279
nanocubes
Cs,AgBIiBrg 2.1 Vis Water RhB 280
nanoparticles
Cs,AgBiBrs r-GO / electron Vis Saturated HBr 2.5 W% r-GO 48.9 umol ht gt 281

nanoparticles

extractor

and H;PO,
solution

19



Cs,AgBiBrs Cu-r-GO/ -0.6 1.4 2.0 Solar CO; and H,0 10 w% Cu-r-GO CO,: AQY 262

nanoparticles electron vapor 0.89% with
extractor 93% CH,
Cs,AgBilg ultrasmalll -0.93 0.89 1.82 Vis CO; and H,0 CO,: 18.9 23
nanoparticles vapor umol g* CO
with 100%
selectivity
Cs23MA 7Sh,Brg ~25 Vis Liquid Toluene, 284
nanoparticles cyclohexan
e, 2-
bromotolue
ne, 4-
bromotolue
ne
CS3Sb2|9 ~-1.2 0.82 ~2.0 Vis COZ and Hzo COZ: 7.1 285
vapor umol g CO
with 100%
selectivity
CS3BixxSha.adlo Pt 1.63 Solar Saturated HI X=0.3 926 umol ht g* 212
nanoparticles solution with
Cs,COs
((CH3)3NH)3szc|9 3.25 uv Water RhB, MO 286
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