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Figure S1. Solid solutions CBO, synthesized at varying temperatures i. e. 300, 400, 500,600, 700, 800
and 900°C with (a) and (b) physical appearance (c) and (d) their XRD patterns observed at

different 20 angles with raising temperature.
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(i). Pure compound CBO

ElAMunn. € norm. C Atom. C Error (1 Sigma)
[wi.sh] [wro] [ats5) wi.o]

Bl 83 M-series 45.00 48,52 20.38 1.60
Ce 58 L-series 38.79 41.74 26.14 1147
O 8 K-series 906 975 5348 1.32
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(ii). 2% C doped-CBO

El AN Series umnn.C norm.c Atem.C(Errer
i1 Sigma)

(Wt . w] [we. %] [at.5] [wt.3]

Ce 58 L-series 64.19 62.85 38.64 1.90
Bi B3 M-series 28.94 28,33 11.68 1,08
6 B K-seriss 7.77  7.61 40.9€ 1.1
€ 6 K-series 1.24 1.22 8.72 9.47
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Total: 102.14 100.00 100.00
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(iii). 4% C doped-CBO
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(iv). 6% C doped -CBO

(v). 8% C doped -CBO

unn.c noem.C Rtom.C error (1l Sigma)




EIAN Series unn. © norm. C Atom. CEITm{1s dgma)
[wi. ] [wit.%] [at%] [wi. %]

Ce 58 L-series 78.52 75.83 35.02 2.30
Bi 83 M-series 11.56 11.16 3.55 0.44
O 8 K-serles 8.54 8.25 3424 117
C 6 K-serles 4.93 4.76 26.20 0.93

Total: 103.54 100.00 100.00

(d)Bi-M

(vi). 10% C doped -CBO

ISE] EBE c
Map data 1385
MAG: 10000x HV: 15kV WD: 5.3mm

EIAN Series unn. C norm. C Atem. C Error {1sigma)
[wi.:] [wie] [atss] [wt.%0]

Ce 58 L-serles 81.35 77.97 29.87 21:!
C 6 K-serles 9.59 9.19 41.08 T4
O 8 K-serles 8.67 £.31 27.80 1 22
BI 83 M-serles 4.73 4.53 1.16 0.21

Total: 104.34 100.00 100.00
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Figure S2 SEM images and corresponding EDX elemental mapping with percentage composition of
the compounds, as depicted by the EDX profile of the pure CBO and 2%, 4%, 6%, 8% and 10%- carbon
doped CBO samples.
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Figure S3. HRTEM images and corresponding SAED patterns of the pure CBO and C-doped CBO solid
solutions.
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Figure S4 Rietveld refinement-based visual fit to X-ray diffraction data of the (a) pristine CBO and (b)
2%C-, (c) 4%C-, (d) 6%C- (e) 8%C- and (f)10%C-doped CBO solid solution using standard card
(JCPDS file No. 34-0394 of CeO,). The observed calculated profiles are shown by open circle solid line
curves. The short vertical marks represent the Bragg diffractions. The lower curve (blue lines) is the
difference plot. (a’, b’, ¢’, d’, ¢’ and {”) are reciprocal lattice bravicis and (a’’, b’’, ¢’’, d”’, ¢’ and )
are atomic arrangement in unit cell with blue, green, yellow, red, crayan, and purple circle represents the
elements :Bi, Ce, C, O, O and O, respectively.



Table S1. Lattice parameters observed from Rietveld refined XRD patterns along the cubic FCC
structure with cell parameter a, unit cell volume and z=4 coupled with refinement fitting parameters
(Rprage, %) experimental chemical composition (observed from EDX) and stiochiometric compositions

of the studied solid solutions.

SI.  Sample  Lattice  UnitCell M,  Rppg %> Porosity Experimental Stiochiometric
No. Parameter Volume (1- Composition Composition
pr/px)x  CeooBioss0 CeBi,0s
a(A) V(A3 100 %
1. Pure 5.4486(21) 161.75(11)  233.24 4.11 1.17 24.60 Cepa9Big330  CeBi,0s5
CBO
2. 2%C- 5.4143(09) 158.72(5) 209.23 9.62 1.60 17.48 Co21 -Cep94Big230  Cp2 CeBiyOy08
CBO
3. 4%C- 5.4140(05) 158.69(3) 223.45 6.95 1. 49 22.78 Co23 -CeposBig30  Cpos CeBiy 0406
CBO
4. 6%C- 5.4131(05) 158.62(2) 925.63 8.18 1.69 81.37 Coos -Ces99 BigosO  Cp o6 CeBiy 0404
CBO
5. 8%C- 5.4093(10) 1.58.28(5) 214.81 9.57 1.73 19.89 Co.77 -Cej 05 Big 100  Cpog CeBiyO49
CBO
6. 10%C- 5.4071(12) 158.09(6) 201.82 9.21 1. 80 15.15 Ci47-Cei 97 BigosO  Cp10 CeBiyO4.00
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Figure SS5. UV Vis spectra deconvulated into four peaks around the wavelengths (1)200-224 nm, (i1)259
nm, (ii1)318 nm and (iv)342-413 nm of the solid solution (CBO)- loaded with different
amount of carbon i. e. (a) 0% C, (b) 2% C, (c) 4% C, (d) 6% C, (e) 8% C, and (f) 10% C.

Table S2 Deconvulated UV-Vis spectral bands, belongs to the Ce3" ion at 200-224 nm, interface
between ceria and bismuth oxide (charge transfer band) around 259 nm, Ce*" ion 318 -342 nm
and Bi*" ion at 425-449 nm along with the calculated direct and indirect band gap of the C-
doped and pure solid solutions.

SL. Compound direct Indirect Ce3* Charge Ce* Bi3*
No. Band Band transfer
gap gap(eV) band band band band
(eV)
1. PureCBO  2.56 2.00 200.00  --- 29491 366.01
2. 2%C-CBO 272 2.52 211.86  259.32 318.64  389.83
3. 4%C-CBO 259 1.97 200.00  235.55 306.78  437.29
4. 6%C-CBO 2.69 242 200.00  259.32 271.19  330.50
5. 8%C-CBO 2.79 2.50 211.86  259.32 318.64 413.56
6. 10% C-CBO 274 2.51 211.86  247.48 --- 342.37

Note: NM, means Peak found but maxima not visible in the measurable range.
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Figure S6. XPS survey-scan of the Pristine and Carbon doped CBO solid solution.

Table S3. Atomic compositions (at.%) with their respective XPS core level binding energies (eV)
along the Ce 3d;, and Ce 3ds, photoelectron peaks collected for the for Pure CBO and
carbon doped CBO (x = 2%, 4%, 6%, 8% and 10 %) solid solutions and stiochiometric ratio
x=[0]/[Ce]= 3/2{Ce3"}+2{Ce?"} of the oxygen with respect to the cerium (Ce3" and Ce™).

Samp
le

Ce 3d;; [ eV] Ce 3d;, [ eV] Ce¥t | Ce* | Ce* |x =

% | % | Ce* |[OV

Ce3+ Ce4+ Ce3+ Ce4+ Ce4+ Ce3+ Ce4+ Ce3+ Ce4+ Ce4+

r e r e

Vo 1% v/ v uy u u

[Ce]

Ov




Pure

Ceo, SB19 883.04 88461 88847 89797 89802 900.54 90107  907.79 91647 1933 8067 024 050 150
2
zcof;)((): 880.9 883.60 88540 889.89 896.18 899.77 901.57 90426  908.75  917.74 5148 4852 106 058 142
é"]/;(c) 882.1 88390 88845 889.35 89834 900.13 901.93 90642 90822  917.2 1137 8863 013 075 125
g’g’g 881.1 882.96 884.76 888.35 89823 89836 90093 903.62 90721  917.1 2227 7773 029 120  0.80
8C°g’g 881.2 882.19 884.88 888.48 896.56 89836  901.05 902.85  907.34 91633  34.84 6516 053 054 146
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Figure S7. Deconvolution of XPS core level spectra of Bi 4f with increase in carbon content in solid
solution the Bi/O ratio. The each of the Bi 4f ;, and Bi 4f 5, peaks further divided in
doublets represents Bi*" ions and Bi metal contribution in solid solutions.
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Figure S8. C /s core level XPS spectra for CBO solid solutions.
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Figure S9. O, production during the overall water splitting of pure water under real Sun exposure for 3h
at ambient conditions. Conditions: 300mg photocatalyst in 120mL DIW.
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Figure S10. Spectral image of light spectra of the 300 W Xe lamp used for the H, production study, as provided

by the vendor.

Table S4. State of art porous systems used for hydrogen generation via water splitting with their
respective amount, sacrificial agent used, co-catalyst, light source, H, production, O,
production, reference number, and year of publication.

S1

No.

Sample

Pt-ZI’l3P2-
CoP
(MOF)

P-doped
anCdl_x
S solid

solutions

CegsZry;

O,.83No.12
solid
solution

AgTaO;-
SrTiO;
solid
solutions

Amount

100mg in
100mL

Img in 5
mL pure
water

50mg in
50 mL

100mg in
100mL

Sacrifici-
al agent

10%
CH;0H

Nil

035 M
Na,S-0.25
M Nast3)
Or Nal
solution

Nast3
(0.05
hole
scavenger
/silver
nitrate
(0.05M) e-
scavenger

M)

Co-
catalyst

5% Pt

Nil

RuO2/C
ZON and
Pt/WO3

Pt

Toxicity

toxic
(Zn3P;
and CoP
is Acute
toxic)

Light
source

Xe lamp
(300 W)

White
LED light
sources (30
x 3 W)
300-W
xenon

full range
illuminatio
n (A > 250
nm) visible
light

illuminatio
n (A > 400
nm).

H,
production

9.15 mmol h7!

g 1

419 pmol h'! g !

19 pmol and
101.7 pmol
under  visible
light (A > 420
nm) and UV-vis
light (A > 300
nm) irradiation
~215.2  pmol/h
(A = 250 nm)
and ~ 5.8
umol/h (A > 400
nm)
illumination,

0,
productio
n

Ref.

Year

2017

2018

2018

2019




10.

11.

13.

14.

3D g-
C3Ny
Nanoshe
ets

CdS/C;N
. (10%
CCN)

Pt/porous
b-TiO,
nanoflute

CdS/Mo
S,(6.39
wt%)
/Mo
sheets
hybrid
Si/MgTi
O; hetero
structure
S
CuS/ZnS

Pd@CdS
/PdS

12. Z
IF-67-
derived
CoP
particle/ g-
C3N4
C-doped
CCOzZBiz
O;

solid
solution
C-doped
CeO,:Bi,

50 mg in
100 mL

1 mg in
20mL
deionize
d water
(A1)

1 mg in
20mL
Sea
water

10 mg in
100 mL

20 mg in
100 mL

50 mg in
100mL

10 mg in
50 mL

30 mg in
50 mL

300 mg
in 120
mL

300 mg
in 120

Nil

0.35 M
Na,S and
0.25 M
Nast3.

Nil

0.35 M
Na,S &
0.25 M
Na2803

0.1 M
Na,S & 0.1
M Nast3

10 vol%
triethanola
mine
(TEOA)
aqueous
solution
20%
CH;0H
(pH=7)

Pure water

1 wt% Pt nontoxic

and 3

wt% II'OZ

as co-

catalysts

Pt CdS s
toxic

0.95%Pt

0.95%Pt

2%Pt CdS s
toxic

No co-

coatalyst

No co- CdS is

coatalyst  toxic

Pd CdS and
PbS are
toxic
Nontoxic

ZIF-67-

derived

CoP

particle

0.5%Pt Nontoxic

0.5%Pt Nontoxic

300 W Xe
lamp with
a cutoff
filter (A >
420 nm,
visible
light
irradiation
(A = 400
nm)

Hg lamp
irradiation
(A>300n
m, 500 W,

300 W Xe
arc  lamp
with UV
cutoff filter

350 W Xe
arc lamp.

300 W Xe
arc  lamp
with 400
nm cut-off
filter

300 W Xe
arc  lamp
with 420
nm cut-off
filter

300 W Xe
arc  lamp
with 420
nm cut-off
filter

300 W Xe
arc  lamp
with 420
nm cut-off
filter

Real
sunlight

101.4 pmol h!
g

13.1 mmol h'!
g—l

9.8+ 0.6 umol
mg ' h!

7.2 and
3.6 umol mg™!
h™! under UV &
natural sunlight,
respectively
4540 pmol h!

gfl

159.33 umol h!
g—l

4147 pmol h!
gl
(2 mol % CuS)

144.8 mmol
hlg!

201.5 pmol
glh!

5413.1 umol
g—lh—l

323.0 pmol H,
hlg!

49.1 umol
g h!

161.5
pmol O, h-

5

10

11

12

This

work

This
work

2019

2017

2020

2017

2016

2011

2018

2018

2021

2021
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solid
solution

References




. M. Lan, R. M. Guo, Y. Dou, J. Zhou, A. Zhou, J. R. Li, Fabrication of porous Pt-doping
heterojunctions by using bimetallic MOF template for photocatalytic hydrogen generation, Nano

Energy 33 (2017) 238-246. [DOI: https://doi.org/10.1016/j.nanoen.2017.01.046]

. H. F. Ye, R. Shi, X. Yang, W. F. Fu, Y. Chen, P-doped Zn,Cd;- S solid solutions as
photocatalysts for hydrogen evolution from water splitting coupled with photocatalytic oxidation
of  5-hydroxymethylfurfural, Appl. Catal. B 233 (2018) 70-79. (DOI

https://doi.org/10.1016/.apcatb.2018.03.060)

Y. L. Wang, J. M. Jin, Y. H. Li, X. L. Wang, B. Zhang, X. Gong, H. F. Wang, A.P. Chen, L. R.
Zheng, P. Hu, H.G. Yang, Ce(3Zr,70; 33Ny 1> solid solution as a stable photocatalyst for visible
light driven water splitting, Appl. Catal. B 224 (2018) 733-739. (DOLI:

https://doi.org/10.1016/j.apcatb.2017.11.012)

. J. Yu, L. Zhang, J. Qian, Z. Zhu, S. Ni, G. Liu, X. Xu, In situ exsolution of silver nanoparticles on
AgTa0;-SrTiO; solid solutions as efficient plasmonic photocatalysts for water splitting, Appl.

Catal. B 256 (2019) 117818. (DOI: https://doi.org/10.1016/j.apcatb.2019.117818)

. X. Chen, R. Shi, Q. Chen, Z. Zhang, W. Jiang, Y. Zhu, T. Zhang, Three-dimensional porous g-
C;Ny for highly efficient photocatalytic overall water splitting, Nano Energy 59 (2019) 644-650.

[DOI: https://doi.org/10.1016/j.nanoen.2019.03.010]

. J. He, L. Chen, Z. Q. Yi, D. Ding, C. T. Au, S. F. Yin, Fabrication of two-dimensional porous
CdS nanoplates decorated with C;N4 nanosheets for highly efficient photocatalytic hydrogen
production from water splitting, Catal. Commun. 99 (2017) 79-82. [DOI:

https://doi.org/10.1016/j.catcom.2017.05.029]


https://doi.org/10.1016/j.nanoen.2017.01.046
https://doi.org/10.1016/j.apcatb.2018.03.060
https://doi.org/10.1016/j.apcatb.2017.11.012
https://www.x-mol.com/paperRedirect/5712594
https://doi.org/10.1016/j.nanoen.2019.03.010

7.

10.

11

12.

S. Cao, T. S. Chan, Y. R. Lu, X. Shi, B. Fu, Z. Wu, H. Li, K. Liu, S. Alzuabi, P. Cheng, M. Liu,
T. Li, X. Chen, L. Piao, Photocatalytic pure water splitting with high efficiency and value by
Pt/porous brookite TiO, nanoflutes, Nano Energy 67 (2020) 104287. [ DOI:

https://doi.org/10.1016/j.nanoen.2019.104287]

L. Zhao, J. Jia, Z. Yang, J. Yu, A. Wang, Y. Sang, W. Zhou, H. Liu, One-step synthesis of CdS
nanoparticles/MoS, nanosheets heterostructure on porous molybdenum sheet for enhanced
photocatalytic = H,  evolution. Appl. Catal. B 210  (2017)  290-296. [DOI:

https://doi.org/10.1016/j.apcatb.2017.04.003]

W. Zhu, D. Han, L. Niu, T. Wu, H. Guan, Z-scheme Si/MgTiO; porous heterostructures: Noble
metal and sacrificial agent free photocatalytic hydrogen evolution, Int. J. Hydrog. Energy 41(33)

(2016) 14713-14720. [DOI: https://doi.org/10.1016/].ijjhydene.2016.06.118]

J. Zhang, J. Yu, Y. Zhang, Q. Li, J. R. Gong, Visible light photocatalytic H,-production activity of
CuS/ZnS porous nanosheets based on photoinduced interfacial charge transfer, Nano Letters

11(11) (2011) 4774-4779. [DOI: https://doi.org/10.1021/n1202587b]

. Q. Sun, N. Wang, J. Yu, J. C. Yu, A hollow porous CdS photocatalyst, Adv. Mater. 30(45)

(2018) 1804368. [DOI: https://doi.org/10.1002/adma.201804368]

X. J. Sun, D.D. Yang, H. Dong, X.B. Meng, J. L. Sheng, X. Zhang, J. Z. Wei, F. M. Zhang, ZIF-
derived CoP as a cocatalyst for enhanced photocatalytic H, production activity of g
C3Ny, Sustainable Energy & Fuels 2(6) (2018) 1356-1361. [DOLI:

https://doi.org/10.1039/C8SE00063H]


https://www.sciencedirect.com/science/article/pii/S2211285519309942#!
https://www.sciencedirect.com/science/article/pii/S2211285519309942#!
https://www.sciencedirect.com/science/article/pii/S2211285519309942#!
https://www.sciencedirect.com/science/article/pii/S2211285519309942#!
https://www.sciencedirect.com/science/article/pii/S2211285519309942#!
https://www.sciencedirect.com/science/article/pii/S2211285519309942#!
https://www.sciencedirect.com/science/article/pii/S2211285519309942#!
https://doi.org/10.1016/j.nanoen.2019.104287
https://doi.org/10.1016/j.apcatb.2017.04.003
https://doi.org/10.1016/j.ijhydene.2016.06.118
https://doi.org/10.1021/nl202587b
https://doi.org/10.1002/adma.201804368
https://doi.org/10.1039/C8SE00063H

