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1. Experimental Section 

Materials: Red phosphorus was purchased from Sinopharm Chemical Reagent Co., Ltd. 

Oleylamine (OAm, 80–90%) was purchased from Aladdin. Ethanol (analytical reagent), 

isopropyl alcohol (analytical reagent), tin powder and iodine and cobalt (II) acetate 

tetrahydrate (Co(OAc)2-4H2O, 98%) were purchased from Beijing chemical works. Nafion 

was purchased from Sigma-Aldrich. 

Synthesis of bulk BP: The bulk BP were obtained by a facile chemical vapor transport 

deposition route.[1] As illustrated in Figure S1, the bulk BP is layered crystal with metallic 

luster. Three sharp (020), (040), and (060) X-ray diffraction (XRD) peaks in Figure S2 reveal 

its fine crystal quality. The scanning electron microscopy (SEM) images clearly show the 

layered structure of the bulk BP crystals, where the existence of P, Sn (catalyst for BP 

preparation) and O (originated from the background) elements is confirmed by energy-

dispersive X-ray spectroscopy (EDX) spectrum (Figure S4). 

Synthesis of BP nanosheets: The BP nanosheets were prepared by using a simple liquid 

exfoliation technique. 7 mg bulk BP was added into 20 mL N-methyl-2-pyrrolidone (NMP) 

solvent. The dispersion was sonicated for 8 h under ice cooling. Subsequently, the dark brown 

suspension was centrifuged at 2000 rpm for 10 min to remove non-exfoliated bulk BP. The 
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supernatant was collected to obtain the ultrathin BP nanosheets, and then the acquired BP 

nanosheets NMP dispersion (20 ml) was centrifuged at 8000 rpm for 20 min. The upper layer 

liquid was decanted, and the isolated solid was dried under vacuum to obtain the ultrathin BP 

nanosheets (~2mg). 

2. Figures, Tables and related discussion 

 

Figure S1. Photograph of the as-synthesized bulk BP. 

 

Figure S2. XRD pattern of the bulk BP compared to the standard X-Ray diffraction pattern of 

orthorhombic BP (JCPDS 65-2491). 



  

3 
 

 

Figure S3. SEM images (a, b) of the bulk BP. 

 

Figure S4. EDX spectrum of the bulk BP. 

 

Figure S5. The supernatant of BP NSs dispersing in NMP obtained after centrifugation. 
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Figure S6. SEM images (a, b) of the as-exfoliated BP nanosheets (BP NSs). 

 

Figure S7. SEM images (a, b) of the as-prepared Co/BP nanohybrids. 

 

Figure S8. EDX spectrum of the the as-prepared Co/BP nanohybrids. 
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Figure S9. XPS survey spectrum of the as-prepared Co/BP nanohybrids and the as-exfoliated 
BP nanosheets (BP NSs). In the bare BP NSs XPS spectra by contrast, Co is not detected, 

while P, C, O and Sn (catalyst for BP preparation) can be detected. 

 

Figure S10. FT-IR spectra of BP nanosheets and Co/BP hybrid material. the absorption 

wavenumbers of the BP NSs centered at ~1000 cm-1 and ~1620 cm-1 can be assigned to the P–

O stretching and P=O stretching mod,[2] respectively. When Co NPs were hybridized with BP, 

all the characteristic vibrational peaks of BP were maintained, while a strong peak located at 

around 2350 cm−1 was observed due to the bending vibration of environmental CO2 adsorbed 

on the surface. The peak in Co/BP located at around 670 cm-1
 can be assigned to the Co–O 

stretching mode, suggesting the unavoidable surface oxidation.[3] 
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Figure S11. Ultraviolet photoelectron spectroscopy (UPS) spectrum of BP NSs. The 
the value of work function for BP NSs is calculated to be 3.93 eV. 

 

Figure S12. Ultraviolet photoelectron spectroscopy (UPS) spectrum of Co NPs. The 
the value of work function for Co NPs is calculated to be 4.42 eV. 

 

Figure S13. UV absorption spectra of BP NSs. The inset is the corresponding band gap of BP 
NSs. 
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Figure S14. UV absorption spectra of Co/BP. The inset is the corresponding band gap of 
Co/BP. 

 

Figure S15. Steady-state photoluminescence (PL) spectra of BP NSs, Co NPs and Co/BP. 

 

Figure S16. Polarization curves of the Co/BP electrocatalyst with and without iR correction. 
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Figure S17. Magnified polarization curve of Co/BP to demonstrate the oxidation of metallic 
Co nanoparticles during the process of OER test. 

 

Figure S18. XRD spectrum (a), TEM image (b) and HR-TEM (c) of Co/BP electrocatalyst 
after the OER test. 

 

Figure S19. XPS spectrum of Co (a) and P (b) for Co/BP electrocatalyst after the OER test. 
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Figure S20. The amounts of O2 theoretically calculated and experimentally measured versus 
time during OER. 

 

Figure S21. Cyclic voltammograms at different scan rates of the physical mixture of Co+BP 
to estimate of electrochemical active surface area (ECSA). 

Table S1. Comparison of the OER activity of Co/BP with Co-based and BP-based 
electrocatalysts in literatures. 

Samples 
Onset 

potential 
(mV) 

Overpotential at 
10 mA cm-2 

(mV) 
Electrolyte Tafel slope 

(mV dec−1) References 

Co/BP 210 310 1 M KOH 61 This work 
Co2P/BP ~250 ~390 1 M KOH 78 [4] 
BP NSs 230 --- 1 M KOH 88 [5] 

ε-Co NPs --- 473 1 M KOH --- [6] 
Co/VN ~250 320 1 M KOH 55 [7] 
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N-CG-CoO 340 340 1 M KOH 71 [8] 
Co-CN SS 290 340 1 M KOH 78 [9] 

Co3O4/N-rmGO ∼260 310 0.1 M KOH 67 [10] 
Co-NPs --- 390 0.1 M KOH --- [11] 

Co/N-C-800 --- 371 0.1 M KOH 61.4 [12] 
3D BP-CNT 250 370 0.1 M KOH 72.88 [13] 
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