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Figure S1. Solid solutions CBO, synthesized at varying temperatures i. e. 300, 400, 500,600, 700, 800 
and 900oC with (a) and (b) physical appearance (c) and (d) their XRD patterns observed at 
different 2 angles with raising temperature. 
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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 CeO2). 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’, c’, d’, e’ and f’) are reciprocal lattice bravicis and (a’’, b’’, c’’, d’’, e’’ and f’’) 
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 
(RBragg, 2) experimental chemical composition (observed from EDX) and stiochiometric compositions 
of the studied solid solutions.

Sl. 
No.

Sample Lattice 
Parameter

a (Å)

Unit Cell 
Volume

V(Å3)

Mw RBragg 2 Porosity
(1-
ρb/ρx) 
100 %

Experimental
Composition         
Ce0.49Bi0.38O

Stiochiometric
Composition 
CeBi2O5

1. Pure 
CBO

5.4486(21) 161.75(11) 233.24 4.11 1.17 24.60          Ce0.49Bi0.38O CeBi2O5

2. 2%C-
CBO

5.4143(09) 158.72(5) 209.23 9.62 1.60 17.48 C0.21 -Ce0.94Bi0.28O C0.02 CeBi2O4.98

3. 4%C-
CBO

5.4140(05) 158.69(3) 223.45 6.95 1. 49 22.78 C0.23 -Ce0.98Bi0.32O C0.04 CeBi2O4.96

4. 6%C-
CBO

5.4131(05) 158.62(2) 925.63 8.18 1.69 81.37 C0.95 -Ce4.99 Bi0.94O C0.06 CeBi2O4.94

5. 8%C-
CBO

5.4093(10) 1.58.28(5) 214.81 9.57 1. 73 19.89 C0.77 -Ce1.05 Bi0.10O C0.08 CeBi2O4.92

6. 10%C-
CBO

5.4071(12) 158.09(6) 201.82 9.21 1. 80 15.15 C1.47 -Ce1.07 Bi0.04O C0.10 CeBi2O4.90

(a) (b)  (c)

(d) 

(e) (f)  
 



Figure S5. UV Vis spectra deconvulated into four peaks around the wavelengths (i)200-224 nm, (ii)259 
nm, (iii)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, Ce4+ ion 318 -342 nm 
and Bi3+ ion at 425-449 nm along with the calculated direct and indirect band gap of the C-
doped and pure solid solutions.

Sl. 
No.

Compound direct 
Band 
gap 
(eV)

Indirect 
Band 
gap(eV) 

Ce3+

band 

Charge 
transfer 
band

Ce4+

band

Bi3+

band

1. Pure CBO 2.56 2.00 200.00 --- 294.91 366.01

2. 2% C-CBO 2.72 2.52 211.86 259.32 318.64 389.83

3. 4% C-CBO 2.59 1.97 200.00 235.55 306.78 437.29

4. 6% C-CBO 2.69 2.42 200.00 259.32 271.19 330.50

5. 8% C-CBO 2.79 2.50 211.86 259.32 318.64 413.56

6. 10% C-CBO 2.74 2.51 211.86 247.48 --- 342.37

Note: NM, means Peak found but maxima not visible in the measurable range.

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 3d3/2 and  Ce 3d5/2 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= [O]/[Ce]= 3/2{Ce3+}+2{Ce2+}of the oxygen with respect to the cerium (Ce3+ and Ce+4).

Ce 3d5/2 [ eV] Ce 3d3/2 [ eV] OvSamp
le

  v0 
Ce3+

  v 
Ce4+

  v' 
Ce3+

 v'' 
Ce4+

 v''' 
Ce4+

 u0 
Ce3+

 u 
Ce4+

 u' 
Ce3+

 u'' 
Ce4+

 u''' 
Ce4+

Ce3+ 
%

Ce4+ 

%
Ce3+/
Ce4+

x  = 
[O]/
[Ce]



Pure 
CeO2

881.9
2

883.04 884.61 888.47 897.97 898.02 900.54 901.07 907.79 916.47 19.33 80.67 0.24 0.50 1.50

2%C
CBO 880.9

0
883.60 885.40 889.89 896.18 899.77 901.57 904.26 908.75 917.74 51.48 48.52 1.06 0.58 1.42

4%C
CBO 882.1

7
883.90 888.45 889.35 898.34 900.13 901.93 906.42 908.22 917.2 11.37 88.63 0.13 0.75 1.25

6%C
CBO 881.1

6
882.96 884.76 888.35 898.23 898.36 900.93 903.62 907.21 917.1 22.27 77.73 0.29 1.20 0.80

8%C
CBO 881.2

9
882.19 884.88 888.48 896.56 898.36 901.05 902.85 907.34 916.33 34.84 65.16 0.53 0.54 1.46

10%C
CBO 879.3

6
882.06 884.75 887.45 894.64 898.23 900.92 902.72 905.42 915.3 40.92 59.08 0.69 0.65 1.35
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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 7/2 and Bi 4f 5/2 peaks further divided in 
doublets represents Bi3+ ions and Bi metal contribution in solid solutions.

276 280 284 288 292
0

400
800

1200
1600
2000
2400

(C-Csp3)

(C=O)

(C=C sp2)

In
te

ns
ity

 / 
a.

u.

Binding Energy /eV

C 1s Spectra
 Pure CBO
 2%  C-CBO
 4%  C-CBO
 6%  C- CBO
 8%  C-CBO
 10% C- CBO

Figure S8. C 1s core level XPS spectra for CBO solid solutions.
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Figure S9. O2 production during the overall water splitting of pure water under real Sun exposure for 3h 
at ambient conditions. Conditions: 300mg photocatalyst in 120mL DIW.



Figure S10. Spectral image of light spectra of the 300 W Xe lamp used for the H2 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, H2 production, O2 
production, reference number, and year of publication.

Sl 
No. 

Sample Amount  Sacrifici-
al agent

Co-
catalyst 

Toxicity Light
source

H2 
production 

O2 
productio
n

Ref. Year

1. Pt-Zn3P2-
CoP 
(MOF)

100mg in 
100mL

10% 
CH3OH

5% Pt toxic 
(Zn3P2 

and CoP 
is Acute 
toxic)

Xe lamp 
(300 W)

9.15 mmol h−1 
g−1

-- 1 2017

2. P-doped 
ZnxCd1−x
S solid 
solutions

1mg in 5 
mL pure 
water

Nil Nil White 
LED light 
sources (30 
× 3 W)

419 μmol h-1 g -1 -- 2 2018

3. Ce0.3Zr0.7
O1.88N0.12
 solid 
solution

50mg in 
50 mL 

(0.35 M 
Na2S-0.25 
M Na2SO3) 
Or NaI 
solution

RuO2/C
ZON and 
Pt/WO3

300-W 
xenon

19 μmol and 
101.7 μmol 
under visible 
light (λ > 420 
nm) and UV-vis 
light (λ > 300 
nm) irradiation

3 2018

4. AgTaO3-
SrTiO3 
solid 
solutions 

100mg in 
100mL

Na2SO3 
(0.05 M) 
hole 
scavenger 
/silver 
nitrate 
(0.05 M) e-
scavenger

Pt full range 
illuminatio
n (λ ≥ 250 
nm) visible 
light 
illuminatio
n (λ ≥ 400 
nm).

~215.2 μmol/h 
(λ ≥ 250 nm) 
and ~ 5.8 
μmol/h (λ ≥ 400 
nm) 
illumination, 

--- 4 2019



5. 3D g-
C3N4 
Nanoshe
ets

50 mg in 
100 mL 

Nil 1 wt% Pt 
and 3 
wt% IrO2 
as co-
catalysts

nontoxic 300 W Xe 
lamp with 
a cutoff 
filter (λ ≥ 
420 nm, 

101.4 μmol h−1 
g−1

49.1 μmol 
g−1 h−1

5 2019

6. CdS/C3N
4 (10% 
CCN)

---- - Pt CdS is 
toxic

visible 
light 
irradiation 
(λ ≥ 400 
nm)

13.1 mmol h−1 
g−1

- 6 2017

1 mg in 
20mL 
deionize
d water 
(Ar)

- 0.95%Pt 9.8 ± 0.6 μmol 
mg−1 h−1

-7. Pt/porous 
b-TiO2 
nanoflute

1 mg in 
20mL 
Sea 
water

- 0.95%Pt

Hg lamp 
irradiation 
(λ ≥ 300 n
m, 500 W,

7.2 and 
3.6 μmol mg−1 
h−1  under UV & 
natural sunlight, 
respectively

 

7 2020

8. CdS/Mo
S2(6.39 
wt%) 
/Mo 
sheets 
hybrid

10 mg in 
100 mL 

0.35 M 
Na2S and 
0.25 M 
Na2SO3.

2%Pt CdS is 
toxic

300 W Xe 
arc lamp 
with UV 
cutoff filter

4540 μmol h−1 
g−1

- 8 2017

9. Si/MgTi
O3 hetero
structure
s

20 mg in 
100 mL 

Nil No co-
coatalyst

350 W Xe 
arc lamp.

159.33 μmol h−1 
g−1

- 9 2016

10. CuS/ZnS 50 mg in 
100mL 

0.35 M 
Na2S & 
0.25 M 
Na2SO3

No co-
coatalyst 

CdS is 
toxic

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

4147 μmol h−1 
g−1 

(2 mol % CuS ) 

- 10 2011

11. Pd@CdS
/PdS

12. Z
IF-67-
derived 
CoP 
particle/ g-
C3N4

10 mg in 
50 mL 

30 mg in 
50 mL 

0.1 M 
Na2S & 0.1 
M Na2SO3 

10 vol% 
triethanola
mine 
(TEOA) 
aqueous 
solution

Pd

ZIF-67-
derived 
CoP 
particle

CdS and 
PbS are 
toxic

Nontoxic

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

144.8 mmol 
h−1 g−1

201.5 μmol 
g−1 h−1

-

-

11

12

2018

2018

13. C-doped 
CeO2:Bi2

O3

solid 
solution

300 mg 
in 120 
mL  

20% 
CH3OH  
(pH=7)

0.5%Pt Nontoxic 300 W Xe 
arc lamp 
with 420 
nm cut-off 
filter

5413.1 μmol 
g-1h-1

- This 
work

2021

14. C-doped 
CeO2:Bi2

300 mg 
in 120 

Pure water 0.5%Pt Nontoxic Real 
sunlight

323.0 µmol H2 
h-1 g-1 

161.5 
µmol O2 h-

This 
work

2021



O3

solid 
solution

mL  1 g-1
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