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Figure S1. HAADF (a) and BF (b) STEM of TiO2/BP@CoPx and corresponding EDS elemental mapping. 

The sample was suspended in acetone and drop casted on holey carbon grid. 



Figure S2. PXRD of TiO2/BP@CoxP with PDF card of TiO2 having anatase and rutile.



Figure S3. a)XPS P 2p core level spectrum of elemental black phosphorus. Ti 2p core level spectrum 

of b) pristine TiO2 and c) TiO2/BP@CoxP.

Table S1. Results of the quantitative EXAFS analysis. The error on the last digit is shown in 
parenthesis. 

Co-P Co-Co
Sample N R(A) σ2(A2) N R(A) σ2(A2)

BP@CoPx 3.8(8) 2.23(2) 0.011(3) 0.8(7) 2.98(4) 0.01(1)
TiO2/BP@CoP
x

4(1) 2.24(3) 0.011(5) 1.1(7) 3.00(6) 0.02(2)

BP@CoPx 
aged

4(1) 2.25(2) 0.01(13) 1.3(7) 3.02(4) 0.01(1)

CoP 3.8 (8) 2.33(2) 0.011(3) - - -
Co(PPh3)3Cl 4.1(5) 2.26(2) 0.006(1) - - -
Co(PPh3)2Cl2 4.4(6) 2.29(2) 0.008(2) - - -



Figure S4. Ti-K edge XANES spectra of TiO2/BP and TiO2/BP@CoPx. The two spectra are slightly 

shifted vertically for clarity.

Figure S5. Ti-K edge EXAFS spectra of TiO2/BP and TiO2/BP@CoPx.



Figure S6. Fourier transforms (FT) of the EXAFS spectra shown in Fig. S5 and related fits. 

Figure S7. EXAFS data of TiO2/BP@CoPx at Ti-K edge compared with anatase.

Table S2. Results of the quantitative EXAFS analysis at the Ti-K edge. The coordination numbers 

were kept at the crystallographic value and a common amplitude reduction s0
2 =0.8(1) was found.

Parameter TiO2/BP@CoxP Anatase

RO1 (Å) 1.92(2) 1.92(2)

2
 O1 (Å2) 0.007(3) 0.007(2)

RO2 (Å) 1.96(2) 1.96(2)

2
 O2 (Å2) 0.0005(5) 0.0002(2)

RTi1 (Å) 3.06(4) 3.06(2)

2
 Ti1 (Å2) 0.006(3) 0.006(1)

RTi2 (Å) 3.80(4) 3.80 (2)

2
 Ti2 (Å2) 0.010(5) 0.010(2)



Figure S8. Comparison of HER using different wt% of BP loaded on TiO2 under UV-Vis irradiation.

Figure S9. Stability test for TiO2/BP2%@CoxP0.4%.



a)

b)

Figure S10. a) BF STEM and b) EDS mapping of TiO2/BP@CoxP recovered after recycling.



Figure S11. Band structure with energy levels before contact.

Table S3.  Comparison of photocatalytic activity of similar titanium dioxide-based catalyst in 
hydrogen evolution.

Photocatalyst Co-catalyst 
amount(wt%)

Sacrificial 
electron 
donor

H2 evolution 
(mmol/g*h) Reference

TiO2/BP2.5wt% Pt (3%) TEOA (10 
vol%) 2.0 1

Mesocrystal 
TiO2/BP NS

Pt (3%) MeOH 
(25% vol)

9.1

(solar light, 
2sun)

2

sea urchin-like 
TiO2/BPQDs -

MeOH 
(16.6% 
vol)

0.112 (UV-
Vis) 3

TiO2/BP1%-CoP2%
MeOH 
(20% vol)

7.4 (300 W 
Xenon, UV-
Vis, 1.4 sun)

4

CdS/(BP-Co)1% -
Lactic acid 
(20 vol%)

17.2 (300 W 
Xenon, vis 
region) 

5

BP-Co2P NPs 
(3.3%wt) -

0.1 M 
Na2S/0.1 
M Na2SO3

1.12 (300 W 
Xenon, vis 
region)

6

TiO2/BP2%-
CoxP0.8%

- MeOH 
(20% vol)

5.3 (300 W 
Xenon, UV-

This work 



Vis, 1.4 sun)

BP-CoP NPs - Oxalic 
acid 

0.694 (Vis-
NIR) 7

BP-CoxP NPs -
MeOH 
(20% vol)

0.48 (300 W 
Xenon, vis 
region)

8

TiO2-CoPx (0.5 wt%) - MeOH 
(20% vol)

0.82 (AM 
1.5G) 9

Table S4. Extracted fitting parameters from the equivalent circuit fitting.

Photocatalyst R1 
(Ohm)

R2 

(Ohm)
Q2

[F.s^(n -1)]
n

TiO2 8.256 35024 56.12 e-6 0.944
BP 139.9 76634 2.083e-5 0.812
BP@CoxP 3.903 12502 8.768e-5 0.961
TiO2/ BP@CoxP 25.61 4200 6.214e-5 0.864

Legend: R = resistance, Q = pseudocapacitance, n = exponent of the pseudocapacitance

Figure S12. Steady-state photoluminescence performed at λex = 325 nm. 
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