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Supplementary Information

1. H202 production using various photocatalysts

Table S1. H20; yield using different photocatalysts and sacrificial agents.

Photocatalyst S?g;g;ital Co(r:ggnr;rﬁ};on '1;?\/2[ f_?;d Reference
AU-TiO; HCOOH 1 700 [1]
Co@TiO: CHs0H 1 1700 [2]

CQDs@TiO- C2HsOH 1.33 1140 [3]

CoP/g-C3N4 C2Hs0OH 1 70 [4]

Nv- g-C3Na C2HsOH 1 880 [5]
RGO/Cds(TMT), CH3OH 4 292 [6]
MIL-125-NH> Benzylalcohol 0.71 800 [7]
Ov-Bi/Bi202xCO3 C2HsOH 4 400 [8]
M-CdS 2- propanol 1 963 [9]




Au-MoS, | - 1 132

[10]

Fe.0:@C@1T/2H-MoS> CH30H 0.2 315

[11]

2. Crystallite size calculation
Scherrer’s equation used to calculate the crystalline size is as follows:
D = KA/Bcos(6) Q)
where K is a dimensionless shape factor = 0.9;
A is x-ray wavelength;
B is the full width at half maximum of the peak under consideration;

0 is the diffraction angle of the peak under consideration.

3. d-spacing calculation
The interplanar distance is calculated using the following equation:

d = ni/2sin(0) (ii)

where n is the order of diffraction;
A is the x-ray wavelength;

0 is the diffraction angle of the peak under consideration.




4. Tauc Plot
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Fig. S1. Tauc plot of CBO and MoS..
Equation (iii) shows the relation between Kubelka-Munk function and band gap. The equation
indicates that the intercept of the graph above is equal to the material band gap.
(FR)hv)? = A(hv-Eg) (i)

where F(R) is Kubelka-Munk function;

h is the Planck’s constant;

v is the photons frequency;

A is a constant that depends on the transition probability;

Eg is the bandgap.



Table S2. Bandgap of CBO and MoS..

Sample CBO MoS:
Bandgap (eV) 1.66 1.83
CB (eV) -0.6 0.12
VB(eV) 1.06 1.95

Valence band edge (VB) and conduction band edge (CB) of the materials are calculated using the

following equations:

Eve=y—E.+05E,

Ecs =Eve—Eyg

where y is the absolute electronegativity;

Ee is the energy of free electron on the normal hydrogen scale (4.5 eV);

Eq is the bandgap.

(iv)
v)




5. TRPL spectroscopy

TRPL is used to understand the charge recombination. Decay curves are fitted by Edinburgh

instrument’s fluoracle software based on the exponential equation:

y = A+ B1exp (-t1/ t1) + B2 exp (~t2/ 12) + Bz exp (—ta/ T3)

Average lifetime is calculated as follows:
(t) = (B17% + B2t + B3t3 )/ (B1t1 + Bot2 + Bats)
Time constants are tabulated below in Table S1.

Table S3. TRPL parameters

(vi)

(vii)

Sample 11 (NS) 2(ns) | 13(nS) | T (ns)
CBO 1.58 1.12 3.88 1.60
MoS; 2.79 1.44 8.81 2.85

CBO@MoS; 5.26 1.23 11.59 5.34




6. Electrochemical impedance spectroscopy (EIS)
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Fig. S2. EIS spectra of CBO.

Table S4. Fitted parameters for the circuit in Fig. S3

Sample CBO MoS; CBO@MoS;
Rs (ohm) 34.8 31.7 334
Ret (kohm) 20.6 5.9 3.8




7. Absorption curves for H20- production
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Fig. S3. Absorption curves for H20> production using CBO@MoSs.



8. Material optimization
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Fig. S4. H.O> production with: (a) time of reaction. (b) temperature of reaction. (c) Ratio of

CBO and Mo precursor.



9. Kinetic modelling

Table S5. Rate constants and saturation concentration for H2O2 production.

Sample CBO MoS; CBO@MOoS;
K¢ (uM min?) 1.4 4.2 29.8
Ka (min™) 0.011 0.0026 0.0036
Saturation( :g)centration 130 1562 8372

Table S6. Rate constants and saturation concentration for H2O production using CBO@MoS..

pH 3 5 7 9 11
K¢ (M min™) 372 | 317 | 298 | 265 | 231
ka (min) 0.0028 | 0.0024 | 0.0036 | 0.0032 | 0.0033

Saturation concentration

13214 | 13345 | 8372 | 8337 | 7100
(uM)




10. Solar to chemical conversion efficiency

Table S7. SCC efficiency.

Sample CBO MoS; CBO@MoS;

Efficiency (%) 0.02 0.7 0.37

SCC is determined using the following formula:

SCC =222 *100% (x)
where n is number of moles of H2O; produced;
AG? is standard Gibbs free energy of the reaction;
P is power of light source;
A is illumination area;

T is time of reaction.



11. Scavenger effects
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Fig. S5. H202 production with addition of scavengers.



12. Absorbance curves of NBT
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Fig. S6. Absorbance curves of NBT.



13. Mott Schottky calculations

Mott-Schottky equation is as follows:

1 2 kT
- V=V ==

cz ggpAeNy

where C is the capacitance;
€ is the dielectric constant;
&o Is the permittivity of free space;
A is the surface area of electrode;
e is the elementary charge;
N, is the charge carrier density;
V is the applied potential,
Ve is the flat band potential;
kg is the Boltzmann constant;

T is the absolute temperature.

Table S8. Mott Schottky data.

Sample Vep(V) Ng
CBO 1.05 5.67E+17
MoS; 0.12 4.33E+18

CBO@MoS; 1.04 2.52E+18




14. Electron transfer number calculation

Koutecky-Levich (K-L) equation is used to calculate the electron transfer number (n):

1 1 1

i m‘F; (viin)
2 1 .

B=0.62nFD,3 ys C, (ix)

where i is measured current density;
iy is the Kinetic current density;
n is the electron transfer number;
w is rotation speed (rad s1): w = 2nN, N is the linear rotation speed;
F = 96485 C mol %,
C, is the concentration of Oz in bulk (C, = 8.43 x 10" mol cm™3),
D, is the diffusion coefficient of O in the electrolyte at 298 K (D, =1.43 x 10°cm?s?),

y is the kinematic viscosity of the electrolyte (y = 0.0112 cm? s™2).

Table S9. Electron transfer number at various potentials.

Potential (V vs RHE) | 0.7 0.6 0.55 0.5 0.45 0.4 0.35
Transfer number 2.12 2.14 2.12 2.21 2.31 2.27 2.35




15. STH efficiency.

Half-cell solar to hydrogen (HC-STH) efficiency can be calculated using the equation below:

]xlOO

pn I[Vbias—V
HC — STH (%) = ph Vb ‘ HY/Hp

mn

where J,,;, = photocurrent density (mAcm?) at measured bias.

Vyias = applied bias potential w.r.t RHE.

Vi+/u,= standard potential for hydrogen evolution reaction i.e., 0 V vs RHE.

Jin = power density of light illumination, 1700 mWcm,



16. MoS; OER
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Fig. S7. LSV curve of MoS; for OER.
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