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1. Experimental

1.1 Chemicals

NiCl2·6H2O, MnCl2·4H2O, SnCl2·2H2O, ethyl alcohol, NaOH, KOH were bought 

from Shinopharm Chemical Reagent Co., Ltd. RuO2, Nafion (5 wt%) were obtained 

by Aladdin Chemical Reagent Co., Ltd. NaH2PO2·H2O was bought from Xiya 

Chemical Technology (Shandong) Co., Ltd. Ti mesh was used as the supporting 

material. 

1.2 Pretreatment of TM

TM was introduced into 2 mol L-1 HCl, ethanol, deionized water and ultrasonicated 

for 20 min with the aim of removing the oxide layer on the surface of TM. The 

cleaned TM was obtained after drying at 60 oC for 1 h in a vacuum oven.

1.3 Synthesis of RuO2/TM

3.21 mg RuO2 powder was dispersed in 50 µL of deionized water, 50 μL of ethanol, 

and 14 μL of 5 wt.% Nafion solution, and ultrasonically treated for a certain period of 

time to form a even suspension. Afterwards, 38 μL of the above-mentioned uniform 

suspension was coated on the surface of TM (1×1 cm2). After drying at room 

temperature for 24 h, RuO2/TM electrode was obtained. The average mass load of 

RuO2 on TM surface was approximately 1.07 mg cm-2.

1.4 Materials characterization

Rigaku Ultima IV X-ray diffraction (XRD) with Cu Kα radiation (λ = 1.540538 Å) 

was used to investigate the crystalline structure of samples. Thermo Scientific K-

Alpha X-ray photoelectron spectroscopy (XPS) was applied to explain the 

composition and valence state of samples. Thermo Scientific Apreo 2C field emission 

scanning electron microscope (SEM) was used to observe the microstructure and 

morphology of samples, and the elemental distribution state of samples was 

investigated by OXFORD ULTIM Max 65 energy-dispersive X-ray spectroscopy, 

which was attached with SEM. The mass load of as-constructed electrocatalysts on 

the surface of TM was tested by PE Avio 200 ICP-OES. 

1.5 Electrochemical measurements



The electrochemical activity was evaluated by CS315M electrochemical station 

(Corrtest Instrument Corp., Ltd, Wuhan). OER and HER were measured through three 

electrode system with Pt mesh as counter electrode, mercury oxide electrode 

(Hg/HgO) as reference electrode, the constructed electrode as working electrode. 

What’s more, electrolytic solution was 1 mol L-1 KOH, and the pH=13.88.

For a better comparison, the Hg/HgO potential was converted to a reversible 

hydrogen electrode (RHE) based on equation S1

ERHE=EHg/HgO+0.059×pH+0.098=EHg/HgO+0.0917             (S1)

The potentials of linear sweep voltammetry (LSV) curves of OER and HER were 

corrected by iR compensation, which were calculated by Eq. S2 and Eq. S3:

              (S2)iROEREOERE measureddcompensate  )()(

              (S3)iRHEREHERE measureddcompensate  )()(

The overpotential (η) was used to estimate OER and HER activity. η was calculated 

by Eq. S4 and Eq. S5,

                     (S4)23.1)(),(  OEREOERV RHE

                      (S5))(0),( HEREHERV RHE

Tafel slope was applied to estimate catalytic and kinetics of as-constructed 

electrode toward OER and HER, which was acquired through fitting the linear region 

of LSV curve. Tafel slope was obtained by Eq. S6 [1]:

                         (S6)Jba log

Where J is the current density.

The effective electrochemical active surface area (ECSA) of the constructed 

electrode was acquired through CV curves at non-faradaic domain from 0.02 V to 

0.12 V at the scan rates of 50, 100, 150 200 and 250 mV s-1. The geometric double 

layer capacitance (Cdl) was the slope value by plotting the difference of current 

density (ΔJ) between the anodic and cathodic sweeps (Janodic−Jcathodic)/2 against the 

scan rate. In particular, ECSA value was estimated by Cdl basing on Eq. S7,



                            (S7)
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C
C
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Where Cs is the specific capacitance, and Cs is estimated to the value of 0.04 mF cm−2 

[2, 3].

The roughness factor (RF) was calculated by Eq. S8: 

                            (S8)
GSA
ECSA

RF

where GSA is the geometric surface area of the electrode, the value is 1.0 cm-2 in this 

research.

JECSA represented the normalization of J with ECSA, which was estimated by Eq. 

S9,

                           (S9)
ECSA

JJ ECSA 

where J is the current density.

Electrocatalytic stability of OER and HER was measured through successive CV 

curves, multipotential test, multicurrent test and chronoamperometry test. 

(1) OER

CV curves were carried out in the potential of 0 ~ 1.3 V vs. EHg/HgO at 40 mV s-1 for 

1000 cycles. Electrochemical impedance spectroscopy (EIS) was performed in the 

range of 0.01~105 Hz at 5 mV with the potential of 1.617 V vs. RHE. Multipotential 

experiment was carried out from 1.617 V vs. RHE to 2.117 V vs. RHE with a step of 

0.1 V, then from 2.117 V vs. RHE to 1.617 V vs. RHE with a step of -0.1 V. 

Multicurrent experiment was performed with the range of 50 ~ 300 mA cm-2 at a step 

of 50 mA cm-2, subsequently, from 300 mA cm-2 to 50 mA cm-2 at a step of -50 mA 

cm-2. The stability experiment was carried out through the chronoamperometry (J–t) 

at 30 mA cm-2 for 50 h.

(2) HER

CV curves were carried out in the range of -1.8 ~ -0.8 V vs. EHg/HgO at 40 mV s-1 for 

1000 cycles. EIS was performed in the range of 0.01~105 Hz at 5 mV with the 

potential of -0.283 V. Multipotential experiment was carried out from -0.783 V vs. 

RHE to -0.283 V vs. RHE with a step of 0.1 V, then from -0.283 V vs. RHE to -0.783 



V vs. RHE with a step of -0.1 V. Multicurrent experiment was performed from -300 

mA cm-2 to -50 mA cm-2 at a step of 50 mA cm-2, then from -50 mA cm-2 to -300 mA 

cm-2 at a step of -50 mA cm-2. The stability experiment was carried out through J–t at 

-50 mA cm-2 for 50 h.



2. Supplementary Figures

Fig. S1 XRD patterns of as-prepared samples, (a) NiSn/TM, NiMn-LDH/TM, 

NiSn@NiMn-LDH/TM, (b) NiSn powder, (c) NiMn-LDH powder.



Fig. S2 Ni 2p spectrum of NiSn@NiMn-LDH/TM.



Fig. S3 SEM images of TM at different magnification (a) low-magnification, (b) 

high-magnification.



Fig. S4 OER performance of NiSn/TM electrode with the different molar ratio of Ni 

to Sn, (a) LSV curves, (b) EIS Nyquist plots.



Fig. S5 (a) Mass activity curves of the as-fabricated electrocatalysts, (b) Mass activity 

values at the overpotential of 400 mV for OER.



Fig. S6 (a) TOF curves of the as-fabricated electrocatalysts, (b) TOF values at the 

overpotential of 400 mV for OER.



Fig. S7 Equivalent circuit model (Randle's circuit) for EIS plot fitting.



Fig. S8 EIS parameter at 1.617 V vs. RHE for OER.



Fig. S9 CV curves of (a) NiSn/TM, (b) NiMn-LDH/TM, (c) NiSn@NiMn-LDH/TM 

at the scanning rates of 50, 100, 150, 200, 250 mV s-1 in 1 M KOH with the potential 

of 0.937~1.037 V vs. RHE (OER). 



Fig. S10 Roughness factor of the as-constructed electrodes for OER.



Fig. S11 EIS parameter at -0.283 V vs. RHE for HER.



Fig. S12 CV curves of (a) NiSn/TM, (b) NiMn-LDH/TM, (c) NiSn@NiMn-LDH/TM 

at the scanning rates of 50, 100, 150, 200, 250 mV s-1 in 1 M KOH with the potential 

of -0.083~-0.017 V vs. RHE (HER). 



Fig. S13 Roughness factor of the as-constructed electrodes for HER.



Fig. S14 (a) Mass activity curves of the as-fabricated electrocatalysts, (b) Mass 

activity values at the overpotential of 350 mV for HER.



Fig. S15 (a) TOF curves of the as-fabricated electrocatalysts, (b) TOF values at the 

overpotential of 350 mV for HER.



Fig. S16 The multicurrent and multipotential curves of NiSn@NiMn-LDH/TM for 

HER.



Fig. S17 SEM images (a, b) and EDS mapping images of (c) Ni, (d) Sn, (e) Mn for 

NiSn@NiMn-LDH/TM after stability test for OER.



Fig. S18 SEM images (a, b) and EDS mapping images of (c) Ni, (d) Sn, and (e) Mn 

for NiSn@NiMn-LDH/TM after stability test for HER.



3. Supplementary Tables

Table S1 Comparison of the OER activity of NiSn@NiMn/TM with other reported 

non-noble metal-based electrocatalysts in 1.0 M KOH. 

Electrocatalysts Substrate
Current density

(mA/cm2 )
Overpotential

(mV)
Reference

10 300.2
NiSn@NiMn-LDH TM

50 390.6
This work

NiCo2O4@MoS2 TM 10 313 [4]

NiCoMn TM 10 334.69 [5]

Co3O4@Ti-15 TM 50 416 [6]

NiMo TM 10 310 [7]

W2N/WC Carbon clothes 10 320 [8]

Co3S4 Glassy carbon 10 350 [9]

CoOOH nanosheet
Carbon-coated 

chip
10 426 [10]

Co2FeO4 Glassy carbon 10 359 [11]

Fe-CoP nanoFC NF 10 347 [12]

Co2.25Fe0.75O4 Glassy carbon 10 350 [13]

Ar-U-CoFe PBA NF 10 305 [14]

Yolk-shell Mn-
CoP

/ 10 330 [15]



Table S2 The summarized double layer capacitance (Cdl) and electrochemical surface 

area (ECSA) of the as-fabricated electrocatalysts for OER.

Electrocatalysts Cdl (mF cm-2) ECSA (cm2)

NiSn/TM 2.53 63.25

NiMn-LDH/TM 3.42 85.50

NiSn@NiMn-LDH/TM 5.04 126.00



Table S3 Comparison of the HER activity of NiSn@NiMn/TM with other reported 

non-noble metal-based electrocatalysts in 1.0 M KOH. 

Electrocatalysts Substrate
Current 
density

(mA/cm2 )

Overpotential
(mV)

Reference

NiSn@NiMn-LDH TM 10 202.6 This work

Ni/TM-360 s TM 10 205 [16]

MnNiCoFe-P2 TM 10 300 [5]

Mo doped CoSx TM 10 230 [17]

Au(NiMo)/Ti-3 TM 10 252 [18]

Ni-NiFe2O4@C Carbon cloth 10 217 [19]

Co3O4/Ppy/MWCNT Glassy carbon 10 290 [20]

Co SAs-Co NPs/NCFs Glassy carbon 10 205 [21]

Ni-CoSe2/BCT-900 Glassy carbon 10 250 [22]

Ni0.09Co2.91O4/Ti3C2Tx-
HT

Glassy carbon 10 210 [23]

Mn-NiCo(OH)2/NF NF 10 246 [24]

CoFe@NiFe/NF NF 10 240 [25]

NiMn2O4/Ni-foam-175 NF 10 248 [26]



Table S4 The summarized double layer capacitance (Cdl) and electrochemical surface 

area (ECSA) of the as-fabricated electrocatalysts for HER.

Electrocatalysts Cdl (mF cm-2) ECSA (cm2)

NiSn/TM 2.97 74.25

NiMn-LDH/TM 3.34 83.50

NiSn@NiMn-LDH/TM 5.14 128.50
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