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1. Experimental Section

Materials. All chemicals were used as received without further purification. Nickel 

chloride hexahydrate (NiCl2·6H2O, AR), Sodium chloride (NaCl, AR), ammonium 

chloride (NH4Cl, AR), Ethylene glycol (CH2OH)2, AR), and ferrous sulfate 

(FeSO4·7H2O, AR) were purchased from Shanghai Hushi Chemical Reagent Factory. 

NF (nickel foam, ~0.5m2/g ) was purchased from Shanxi Lizhiyuan Electronics Co.Ltd.

Synthesis of DNT/NF. Prior to electrodeposition, a piece of NF (1cm*1cm, ~0.3g) was 

cleaned with 3M HCl, acetone and deionized water through ultrasonic cleaning in 

sequence. After the Nitrogen blowing, the NF and Pt wire were used as the working 

electrode and counter electrode respectively, under a constant current of ~1.0 A cm−2 

for 180 s in a beaker with 40 ml deionized water, 0.1M NICl2·6H2O, 0.5M NH4Cl and 

2M NaCl to obtain the dendritic nickel tree nanostructure.

Synthesis of Ni(OH)2/DNT. The DNT was sealed into a Teflon-lined stainless-steel 

autoclave of 25ml containing 15ml deionized water and maintained ~150°C for 5 h. To 

the best of our knowledge, the synthesis of Ni(OH)2 nanosheets with H2O only is the 

first time. The mechanism is as following：



𝑁𝑖 + 𝑛 𝐻2𝑂→[𝑁𝑖(𝐻2𝑂)𝑛]2 + + 2𝑒 ‒

𝑂2 + 2𝐻2𝑂 + 4𝑒 ‒  →4𝑂𝐻 ‒

[𝑁𝑖(𝐻2𝑂)𝑛]2 + + 2𝑂𝐻 ‒  → 𝑁𝑖(𝑂𝐻)2 +  𝑛𝐻2𝑂

Synthesis of Fe/Ni(OH)2/DNT. Under the protection of N2, the 30 ml Ethylene glycol 

and 5 mmol FeSO4·7H2O were mixed together and stirred for 30 min. Then, the 

Ni(OH)2/DNT was immersed in the solution and transferred into a 50 mL Teflon-lined 

stainless-steel autoclave, maintained about 15h under 240°C. After cooling to room 

temperature naturally, the sample was washed 3 times with DI water and alcohol 

respectively, then dried at 80℃ in a vacuum oven overnight.

Structure characterizations. X-ray diffraction (XRD) patterns were collected on a 

PANalytical X Pert Powder diffractometer with Ni Kα radiation. The chemical 

elements were catalogued by an X-ray photoelectron spectroscopy (XPS) with 

ESCALAB 250 Xi. The morphologies of the catalysts were observed using a field-

emission scanning electron microscopy (SEM, Carry Scope JCM-5700) at accelerating 

voltage of 20 kV. The transmission electron microscopy (TEM) images were obtained 

on a JEM-2100HR, while Energy Dispersive X-Ray (EDX) mappings were acquired 

on an Oxford instrument IET250 spectrometer.

Electrochemical Measurements. The electrocatalytic properties of the products for 

OER were evaluated with a three electrode system using a CHI electrochemical 

workstation (model 660E). The as-prepared composite was employed as the working 

electrode. A standard Hg/HgO electrode and a graphite rod were used as the reference 



and counter electrodes, respectively. All tests were carried out in O2-saturated solution 

of 1 M KOH. All potentials were measured relative to the reversible hydrogen electrode 

(RHE), and the potential drop resulted from the ohmic loss on the electrolyte resistance 

has been subtracted. All potentials were referenced to the reversible hydrogen electrode 

(RHE) through calibration: E (RHE) = E (Hg/HgO) + 0.098 + 0.059 × pH. Linear sweep 

voltammetry (LSV) was conducted at a scan rate of 2 mV s−1. Stability measurement 

was performed using chronopotentiometry. Electrochemical impedance spectroscopy 

(EIS) was carried out in potentiostatic mode from 105- 0.1 Hz with overpotential of 

300mv. All the polarization curves are the steady-state ones after several cycles. 

2. Supplementary Figures

Supplementary Figure 1. SEM image of a typical bare nickel foam



Supplementary Figure 2 (a) TEM and (b) HRTEM images of Ni(OH)2 sheets.

Supplementary Figure 3 The full spectrum of XPS spectra of Fe/Ni(OH)2/DNT

The full spectrum of XPS spectra in Figure S3 demonstrates the presence of Ni, Fe, O 

elements in the composites. The high-resolution XPS spectra of Fe 2p and Ni 2p (Figure 

2a, b) show that, two prominent peaks located at 711.5 eV and 725.3 eV, namely Fe 2p 

3/2 and Fe 2p 1/2, indicating the Fe2+ oxidation state, shifts negatively. While two peaks 

located at binding energy of 856.0 eV, and 873.7 eV, along with two shakeup satellites, 

namely Ni 2p 1/2 and Ni 2p3/2 respectively, indicated that the Ni2+ condition exists. 

Compared with the criteria data established by Biesinger et.al1, the position moves right 

and positively. When loading the positive potential, it would be easy to change into 

high valence Ni4+, enhancing the performance. In addition, the high-resolution spectra 

of O1s (Figure 2c) elucidates the existence of double oxygen species denoted as O1s A 



and O1s B, respectively. The fitting peak of O1s A at 530.1 eV is pointed to the oxygen–

metal bond, the O1s located at 531.6 eV is commonly associated with oxygen from the 

hydroxyl groups, showing the existence of Ni(OH)2, with all peaks shift positively. All 

these indicate the partial electrons transfer from Ni2+, O2- to Fe2+.

Supplementary Figure 4 XRD pattern of the Ni(OH)2/DNT, and Fe/Ni (OH) 2/DNT

Supplementary Figure 5 Steady-state current densities as a function of the applied potential in 1 M 
KOH solution over as-prepared Fex/Ni(OH)2/DNT , the x means the react concentration of Fe-ion in the 

hydrothermal reaction.



Supplementary Figure 6 Faraday test of the Fe/Ni(OH)2/DNT

Comparison of the amount of O2 that can be theoretically evolved by OER, which is 

calculated based on the Faradic law, and the amount of O2 obtained experimentally 

generated by OER as catalyzed by Fe/Ni(OH)2/DNT. The graphs are plotted as function 

of reaction time. The experimental value was derived from the CP curve at a current 

density of 100 mA cm-2. 



Supplementary Figure 7 (a) and (b) CV (cyclic voltammetry) for the Fe/Ni(OH)2/DNT and Fe/NF 
systems, respectively. (c) The current density as a function of the Scan rates over the samples (d) the 

surface area ratio for Fe/Ni(OH)2/DNT and Fe/NF systems.

To gain the corresponding electrochemical surface area (ECSA), double layer 

Capacitance (Cdl) of the materials was measured in 1 M KOH solution. Cyclic 

voltammetry scans of all the electrocatalysts were first performed in a large potential 

range of 1.0 to 1.8 V for 50 cycles to activate them. Then, scans with different scan 

rates (10, 20, 40, 60, 80 mV s-1) were obtained in a potential window of 1.0 to 1.1 V, in 

which no Faradaic process occurred and the current emerged mainly from the double 

layer capacitance charging. The value of Cdl was then obtained from the linear curve 

of Δj [(ja－jc)/2] at 1.05 V (vs RHE) vs scan rate. That is widely accepted that the ECSA 

of a material with similar composition is proportional to its Cdl value, expected to be 

linearly proportional to the current density on the same voltage. 

As shown in report2, the specific capacitance of the sample or the capacitance of an 

atomically smooth planar surface of the material per unit area under identical electrolyte 

conditions is 40μF cm-2 in 1M KOH based on typical reported values. 



Then, the electrochemical active surface area is calculated from the following formula:

𝐴𝐸𝐶𝑆𝐴 =
𝑠𝑝𝑒𝑐𝑓𝑖𝑐 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑎𝑛𝑐𝑒

40 𝑢𝐹 𝑐𝑚 ‒ 2 𝑝𝑒𝑟 𝑐𝑚 2
𝐸𝐶𝑆𝐴

Therefore, the actual surface area of the Fe/Ni(OH)2/DNT sample with 1cm2 geometric 

area in this manuscript was ~2462.5 cm2 (98500/40), while the pristine Fe/NF was 

~153.75 cm2 (6150/40), which was similar to the data of Nickel foam above. The results 

show that the surface area has enhanced more than 15.9 times (2463/154). Due to the 

formation of multiple nanoarrays and mingled nanosheets, the nanostructure allows 

more effective accessibility of active sites, buffering the electrolyte and promoting gas 

diffusion, and resulting in much higher OER activity.

3. Supplementary Tables

Table S1: Comparison of the Catalytic Activity toward the OER in Alkaline Solution of the 

Fe/Ni(OH)2/DNT with Other Reported High Performance OER Catalysts.



Note: All these data about OER activities are in geometric activities, calculated by 

dividing the current density per geometric area. 

Table S2: Benchmarking Parameters for Selected OER Catalysts
 Investigated in 1 M KOH

Catalyst

Electrolyte

Solution

Current

density 

(j)（mA/cm

2)

Overpotential

at the 

corresponding 

j( mV)

Stability 

test( h)

Tafel

(mV/dec )

Exchange 

current 

density

(μA/cm2)

Reference

10 227Fe/Ni(OH)2/DNT 1M KOH

100 263

~30 59 4.89 This Work

RuO2 1M KOH 100 317 -- 70 8.13 This Work

Fe-O2 Cat 1M KOH 100 537 30 82.7 -- Reference3

NiFe-LDH 1M KOH 30 280 10 50 -- Reference 4

NiFe-SW 1M KOH 10 240 24 38.9 -- Reference 5

NiFe/NF 1M KOH 100 370 10 28 -- Reference 6

(Ni–Fe) oxide 

nanotube array

0.1M KOH 5 380 4 142 -- Reference 7

NiFeOx/ITO 1M KOH 10 310 40 28 -- Reference 8

NiFe LDH-

NiSe/NF

1M KOH 100 240 12 65.6 -- Reference 9 

MoS2-Ni3S2 1M KOH 10 249 50 57 -- Reference10

N-Ni3S2/NF 1M KOH 170 350 ~3 70 -- Reference 11

NiMoN/NF 1M KOH 100 343 30 101 -- Reference12

Ni‐Fe‐OH@Ni3S2/

NF

1M KOH 100 240 20 93 --  Reference13

Ni0.9Fe0.1/NF 1M KOH 10 330 ~2 45 -- Reference14

Fe-Ni-Ox-NPs 1M KOH 10 286 -- 38 -- Reference15

Ni50Fe50-DAT 1M KOH 100 300 72 -- -- Reference16

Ni−Fe films 1M KOH 20 280 -- ~40 -- Reference17

Ni3FeAl0.91LDH 1M KOH 20 304 ~18 57 -- Reference18

Exfoliated NiFe 

LDHs

1M KOH 10 300 13 40 -- Reference19

Ni-Fe LDH 

hollow prisms

1M KOH 10 280 ~6 49.4 -- Reference20

NiSe–NiOx/NF 1M KOH 15 274 40 128 Reference21 

FeCoNiP 1M KOH 100 270 24 ~70 -- Reference22

FeMnP/NF 

electrode

0.1M KOH 10 280 75 56 -- Reference23

NiSe2 1M KOH 10 250 38 6 5.1 Reference24



   Note: The ECSA (electrochemical active surface area) is calculated as above.

The geometric activity, and the corresponding ECSA activity (intrinsic activity), are 

shown in Table S2. The jg, η=0.35 V (geometric activity) is calculated by dividing the 

current density per geometric area at the overpotential of 0.35 V based on the Tafel 

slope. The jE, η=0.35 V (ECSA activity) is calculated by dividing the current density per 

ECSA at the overpotential of 0.35 V. Apparently, compared with typical catalysts, the 

ECSA activity (intrinsic activity) of Fe/Ni(OH)2/DNT is better than the noble catalysts 

and the NiFe catalyst, implying the better performance.
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