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Materials

Cobalt (II) nitrate hexahydrate (Co(NOs),-6H,0), Urea (CH4N,0), Ammonium fluoride (NH4F), Sodium sulfide
nonahydrate (Na,S-9H,0), Potassium hydroxide (KOH), Ethanol absolute were supplied from Sinopharm Chemical
Reagent Co. Ltd (www.sinoreagent.com). Pt/C (20%) and RuO; (99.9%) were purchased from Shanghai Macklin
Biochemical Co., Ltd (Shanghai, China).

Preparation of Co(CO3)ys(OH)-0.11H,0 NN/Ti (CCH NN/Ti)

CCH NN/Ti was synthesized by a simple solvothermal method. First, 0.875 g Co(NO3),-6H,0, 0.60 g urea, 0.08 g
NH,F were dissolved into 20 mL deionized water to provide a uniform solution. Then the solution was transferred
into a 50 mL autoclave lined with Teflon. The cleaned Ti-mesh was dipped in the autoclave and heated it at 120°C
for 8 hours. After the autoclave naturally cooled to room temperature. The obtained sample was thoroughly cleaned
with ultrapure water and ethanol, and dried it at room temperature.

Preparation of P-CoS,(OH), NN/Ti

P-CoS,(OH), NN/Ti was obtained by immersing the precursor CCH NN/Ti in 20 ml 3.0 M Na,S under constant
stirring at room temperature for 24 h, then washed it three times with ultrapure water and absolute ethanol and dry
it at room temperature. The control experiments were carried out by controlling the concentrations of Na,S for 1 M
and 5 M, named as 1 M-NN and 5 M-NN, respectively. Moreover, the effect of different temperature conditions
(room temperature, 100 °C, 120 °C, 140 °C) on the catalyst was also studied. The mass loading of P-CoS,(OH),
NN/Ti is about 3.2 mg cm™2.

Characterizations

The X-ray diffraction (XRD) pattern was recorded on a Rigaku Ultima IV diffractometer (CuKa radiation, A, =
1.5406A) with an angle range of 5 to 90° with a scan rate of 5° min~!. The morphology and corresponding element
mapping images of all samples were obtained on a field emission scanning electron microscope (FE-SEM, JEOL
JSM-7800F). In addition, a transmission electron microscope (TEM, JEOL JEM-2100 F) was used to characterize
the microstructure and energy dispersive X-ray analysis. XPS spectra were recorded using Thermo ESCALAB
250XT electronic spectrometer. The specific surface area and pore size distribution of the catalyst were measured at
77 K by using ASAP2020.

Electrochemical Analyses

The electrochemical measurements of the samples were conducted using CHI-760E electrochemical workstation at
room temperature. The HER and UOR catalytic activities were tested using a three-electrode system in 1.0 M KOH
with 0.5 M urea (PH=13.7). Using a graphite rod and an Hg/HgO electrode as the counter electrode and reference
electrode, respectively. The prepared samples (0.5x0.5 cm2) were adopted as the working electrode. Polarization
curves were obtained at a scan rate of 5 mV s7!. All the measured potentials were calibrated to the reversible
hydrogen electrode (RHE) using the following equation: Erpg = Eggrgo + 0.098 + 0.059 PH. It needs to be noted
that all the linear sweep voltammetry (LSV) curves were reported with 90% iR compensation. The Tafel plots was
obtained from LSV curves using the Tafel equation: 1 =b log j + a (j is the current density, b is the Tafel slope). For
overall urea splitting, using P-CoS,(OH), NN/Ti as both the cathode and anode in a two-electrode system. Cyclic
voltammograms (CV) were recorded in 1.0 M KOH and 0.5 M urea with different scan rates from 20 to 100 mV s!
in the potential range of —0.2 V — —0.1 V (vs.RHE). EIS measurements were conducted with a scan rate of 5 mV
s~1. The frequency ranges from 1000 KHz to 0.01 Hz. For comparison, Pt/C and RuO, were coated on Ti-mesh with
the same loading amount as the above samples. Specifically, 3.2 mg of Pt/C or RuO, was dispersed in 960 mL and
40 mL 5% Nafion, then the suspension was coated on Ti-mesh (1x1 ¢cm™2) and dried under ambient conditions. In
addition, the prepared Pt/C or RuO, electrode on the Ti-mesh is cut into a size of 0.5x0.5 cm™? and reserved for
testing. All the electrochemical measurements were conducted at ambient temperature. A single AA battery (1.5 V)

and commercial solar panel (6.0 V) are used to provide power the urea electrolysis process.
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Figure S1. SEM images of Co(COs3)y5(OH)-0.11H,0 prepared under the reaction condition of 120 °C for different
times (6 h (a), 8 h (b), 10 h (¢)).

Figure S2. (a) TEM images of P-CoS,(OH), NN. (b) HR-TEM image of the core for P-CoS,(OH), NN. (c) Enlarged
images of the HR-TEM (Red dotted area).



Figure S3. TEM images of P-CoS,(OH), NN/Ti.
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Figure S4. S 2p XPS curves of P-CoS,(OH), NN/Ti.



Figure S5. (a-c) SEM images, (d) EDX pattern and (e-g) SEM mapping of P-CoS,(OH), NN/T1i after long-term

HER electrolysis.
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Figure S6. XRD patterns of P-
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Figure S7. The full survey, Co2p, Ols and S2p XPS curves of P-CoS,(OH), NN/Ti (a~d), P-CoS(OH), NN/Ti after
long-term HER (e~h) and P-CoS,(OH), NN/Ti after long-term UOR (i~1), respectively. Note: the insert in the full
survey is the Atomic content ratio of the S, C, Ti, O and Co calculated from the XPS.
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Figure S8. Nyquist plots of P-CoS,(OH), NN/Ti at the overpotential of 0.2 V before and after long-term electrolysis
for HER.



Figure S9. (a-c) SEM images, (d) EDX pattern and (e-g) SEM mapping of P-CoS,(OH), NN/Ti after long-term
UOR electrolysis.
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Figure S10. XRD patterns of P-CoS,(OH), NN/Ti after long-term UOR electrolysis.
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Figure S11. Nyquist plots of P-CoS,(OH), NN/T1 at the overpotential of 1.3 V before and after long-term electrolysis
for UOR.
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Figure S12. Standard lines of (a) nitrogen and (b) oxygen made by measuring gas volumes and corresponding
measurement areas. The measured graphics of (c) nitrogen, (d) oxygen. (e)The percentage of nitrogen in the gas
produced by electrolysis of 1.0 M KOH + 0.5 M urea at different potentials, and the corresponding measured graphics
of (f) P-CoS,(OH), NN/Ti.
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Figure S13. CV curves of (a) CCH NN/Ti, (b) P-CoS,(OH), NN/Ti. (c) The calculated Cq for the CCH NN/Ti and

P-CoS,(OH), NN/Ti.

Figure S14. high magnification SEM images and low magnification SEM images of CCH NN/Ti after 1 M (a,b), 3
M (c,d), 5 M (e,f) of Na,S treated at room temperature. high magnification SEM images and low magnification SEM

Scan rate (mV s)

images of CCH NN/Ti after 3 M Na,S treated at 100 °C (g,h), 120 °C (i,j), 140 °C(k.l).




Table S1. The O=C—O contents of CCH NN/Ti and P-CoS,(OH), NN/Ti calculated from the XPS.

Samples 0=C-0
CCH NN/Ti 45.7%
P-CoS,(OH), NN/Ti 13.2 %

Table S2. Comparison of the catalytic HER performance for P-CoS,(OH), NN/Ti with the reported catalysts in 1.0

M KOH.
Samples n/mV @10 mA cm Reference
P-CoS,(OH), NN/Ti 86 This work
NiMnOP/NF 91 [1]
Ni@CoO@CoNC 190 [2]
NEF/N-CoMoO, 93 [3]
IT-WS, 118 [4]
Ni;N/NF 120 [3]
CoP NFs 122 [6]
CoO,(OH) films 87 [7]
CoP/ NCNHP 115 [8]
NiCoP/CC 107 [9]
Cr-doped FeNi—P/NCN 190 [10]
Co/CoP-5 253 [11]
CoS-Co(OH),@aMoS,.« 140 [12]
S-CoO,/NF 136 [13]
(Nig33C00,67)S, NWs/CC 156 [14]
CoNC@N-CNF 107 [15]
Fe-Ni@NCCNTs 202 [16]

Table S3. Comparison of the catalytic UOR performance for P-CoS,(OH), NN/Ti with the reported catalysts in 1.0

M KOH with different concentrations of urea.

Samples Potential/V @10 mA cm™ Reference Concentration of urea (mol/L)
P-CoS,(OH), NN/Ti 1.3 This work 0.5
Ni;N/NF 1.34 [5] 0.5
Ni-Mo nanotube 1.36 [17] 0.1
NiCo,S; NS/CC 1.49 [18] 0.33
NEF/NiMoO-Ar 1.37 [19] 0.5
CoS, NA/Ti 1.59 [20] 0.3
CoMn/CoMn,04 1.32 [21] 0.5
Ni;N NA/CC 1.35 [22] 0.33
Ni-MOF 1.36 [23] 0.33
Ni(OH), nanotube-NF 1.41 [24] 0.33
NiO nanosheet array 1.38 [25] 0.33
NiMo sheet array 1.37 [26] 0.33
L-MnO, 1.37 [27] 0.5




Table S4. Comparison of the catalytic performance of P-CoS,(OH), NN/Ti|[P-CoS,(OH), NN/Ti with reported

catalysts for urea assisted water splitting.

Samples Potential / V@ j (mA cm?) Urea Concentration (mol/L) Reference
P-CoS,(OH), NN/Ti||P-CoS,(OH), 1.3@10 0.5 This work
NN/Ti

Co—P/NF||Co(OH)F/NF 1.42@10 0.7 [28]
NF/NiMoO-H,|[NF/NiMoO-Ar 1.38@10 0.5 [19]
Ni-Mo nanotube||Ni-Mo nanotube 1.43@10 0.1 [17]
P-CoS,/Ti||P-CoS,/Ti 1.375@10 0.3 [29]
MMCN 1.55@10 0.5 [30]
CoS, NA/Ti||CoS, NA/Ti 1.59@10 0.3 [20]
CoMn/CoMn,04 1.51@10 0.5 [21]
NiCoP/CC||NiCoP/CC 1.5@10 0.5 [9]
Ni;N/NF|[Ni;N/NF 1.38@50 0.5 [5]
Ni;N NA/CCJNi;N NA/CC 1.26@10 0.33 [22]
CoS,-MoS, 1.29@10 0.5 [31]
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