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Experimental Details

Reagents and Materials 

Metal precursor of nickel nitrate hexahydrate (Ni(NO3)2·6H2O, 99.5%) was supplied 

by Shanghai Aladdin Biochemical Technology Co., Ltd. Organic alkali of 

hexamethylenetetramine (HMT, 99.5%) was provided by Shanghai Titan Scientific 

Co., Ltd. Electrolyte of potassium hydroxide (KOH, 95%) was obtained from Shanghai 

Macklin Biochemical Co., Ltd. Sulfur source of thiourea (CH4N2S, 99%) and selenium 

source of selenium powder (Se, 99.9%) were purchased from Beijing InnoChem 

Science & Technology Co., Ltd. The modifier of 1,1’-Ferrocenedicarboxylic acid 

(H2FeC12H10O4, FcDA, ≥ 98.0%) was obtained from TCI (Shanghai) Development Co., 

Ltd. The solvents of anhydrous methanol (AR), anhydrous ethanol (AR), N, N-

dimethylformamide (DMF, AR) were supplied by Xilong Technology Co., Ltd. All 

analytical reagent grade chemicals are commercially available without further 

purification. Carbon cloth (CC, WOS1009, thickness: 0.33 mm) was purchased from 

CeTech Co. Ltd.

Material preparation 

Preparation of Ni(OH)2 NAs 

1 mmol Ni(NO3)2·6H2O and 2 mmol HMT were dissolved in 30 mL anhydrous 

methanol. The solution was then transferred into a Teflon lining (100 mL), and a piece 

of washed CC or NF (3 cm × 3 cm) was put into the solution. Subsequently, the Teflon-

lined stainless-steel autoclave was heated at 120 oC for 24 h. The obtained Ni(OH)2 

NAs were washed with deionized water and anhydrous ethanol several times, and were 

dried at 60 oC for further use.

Preparation of Ni(OH)2-FcDA NAs

In a typical preparation of Ni(OH)2-FcDA NAs, moderate FcDA was ultrasound 

dissolved in the mix solvents of 8 mL DMF and 4 mL H2O. Then, the solution was 

transferred into a 25 mL Teflon-lined stainless-steel autoclave. At the same time, a 

piece of as-prepared Ni(OH)2 NAs (3 cm × 1 cm) were placed in the solution. Then, the 

autoclave was heated to 125 oC for 24 h. The obtained Ni(OH)2-FcDA NAs were 

washed with were washed with deionized water and ethanol several times, and were 

dried at 60 oC for further use.

Materials characterizations

The structure of the samples was characterized by X-ray diffraction (XRD) (Bruker 

AXS D8 Advance) with Cu Kα radiation. Fourier transform infrared spectroscopy 



(FTIR, Thermo Nicolet iS50 FT-IR spectrometer) was used to qualitatively analyze the 

functional groups. The resolution and total scan numbers were 4 cm–1 and 64, 

respectively. The morphologies of the samples were characterized by field emission 

scanning electron microscopy (FE-SEM, Nova Nano SEM 450) and transmission 

electron microscopy (TEM, Tecnai G2 F20 S-Twin). Raman spectroscopy studies were 

conducted using a Renishaw inVia ReflexRaman microscope equipped with a 532 nm 

laser source. The energy dispersive X-ray spectroscopy (EDX) was used for elemental 

analysis. X-ray photoelectron spectroscopy (XPS) was recorded on a X-ray 

photoelectron spectrometer (Thermo Fisher ESCALAB Xi+ spectrometer) with Al Kα 

X-ray source.

Electrochemical measurements

All the electrochemical measurements were tested by a CHI 760E electrochemical 

workstation at room temperature (25 °C). A standard three-electrode system was used 

in all the electrochemical tests. A Pt plate and a Hg/HgO electrode (in 1 M KOH) were 

used as the counter and reference electrodes, respectively. Ni(OH)2 NAs and Ni(OH)2-

FcDA NAs (0.5 cm × 1.0 cm) were used as the working electrodes. The electrolyte was 

1 M KOH with or without 25 μM FcDA, which was degassed by bubbling oxygen for 

30 min before measurements. All potentials were referenced to a reversible hydrogen 

electrode (RHE) using the equation: Evs.RHE = Evs.Hg/HgO + 0.098 V + 0.059 × pH. All 

linear sweep voltammetry (LSV) data for OER performance evaluation were acquired 

via a reverse scan (from high to low potential) at a scan rate of 5 mV s⁻1. The reverse 

scan direction was deliberately chosen to avoid the interference of the oxidation current 

from Ni2+/Ni3+ redox processes on the intrinsic water oxidation current, thereby 

providing a more accurate assessment of the OER activity. All LSV data presented are 

with positive feedback iR compensation (95% compensation) applied, and this 

compensation procedure was applied consistently to all tested samples and under all 

electrolyte conditions. The overpotential at 10 mA cm⁻2 (η10) was calculated as η10 = 

Evs.RHE@10 mA cm⁻2 – 1.23 V. The Tafel slope was derived by fitting the η vs. log(j) 

plot with the Tafel equation (η = blogj + a). Electrochemically active surface area 

(ECSA) was estimated from the double-layer capacitance (Cdl) measured via cyclic 

voltammetry (CV) in a non-Faradaic potential region (1.0-1.1 V vs. RHE) at various 

scan rates (100-5000 mV s⁻1). Chronopotentiometry (CP) tests were performed at a 

constant current density of 10 mA cm⁻2.



Figure S1. XPS of Fe 2p in Ni(OH)2-FcDA NAs.

Figure S2. SEM images of (a-c) Ni(OH)2 NAs, (d-f) Ni(OH)2-FcDA NAs, respectively.

Figure S3. EDS plots of (a) Ni(OH)2-FcDA.



Figure S4. Forward scanned LSV curves of (a-c) Ni(OH)2 NAs, and (d-f) Ni(OH)2-

FcDA NAs under the electrolyte of 1 M KOH.

Figure S5. LSV curves of Ni(OH)2 NAs and Ni(OH)2-FcDA NAs at different FcDA 

concentration in 1M KOH.

Figure S6. SEM images of Ni(OH)2 NAs following activation in 1 M KOH solution 

for 2 hours, with the inclusion of 10 µM (a–c), 25 µM (d–f), and 50 µM (g–i) FcDA.



Figure S7. SEM images of Ni(OH)2-FcDA NAs following activation in 1 M KOH 

solution for 2 hours, with the inclusion of 10 µM (a–c), 25 µM (d–f), and 50 µM (g–i) 

FcDA.

Figure S8. CV curves of (a) Ni(OH)2 NAs, (b) Ni(OH)2-FcDA NAs at various scan 

rates in the electrolyte of KOH solution; CV curves of (c) Ni(OH)2 NAs and (d) 

Ni(OH)2-FcDA NAs at various scan rates in the electrolyte of FcDA in KOH solution.



Figure S9. Ni and Fe contents in (a) Ni(OH)2 NAs and (b) Ni(OH)2-FcDA NAs 

electrodes before and after CP tests. (c, d) Concentrations of Ni and Fe leached into the 

electrolyte after stability testing, as determined by ICP-OES.

Figure S10. SEM images of (a-c) Ni(OH)2 NAs, and (d-f) Ni(OH)2-FcDA NAs after 

CP test in the electrolyte of KOH solution.

Figure S11. SEM images of (a-c) Ni(OH)2 NAs, and (d-f) Ni(OH)2-FcDA NAs after 

CP test in the electrolyte of 25 μM FcDA in 1 M KOH solution.



Figure S12. XPS of (a) Ni 2p, (b) O 1s and (c) Fe 2p in Ni(OH)2 NAs and Ni(OH)2-

FcDA NAs after CP tests in the electrolyte of KOH solution and in the electrolyte of 

moderate FcDA in KOH solution.

Figure S13. XRD of Ni(OH)2 NAs and Ni(OH)2-FcDA NAs after CP test.

Figure S14. The results of zeta potential test of Ni(OH)2-FcDA NAs compared with 

the Ni(OH)2 NAs and FcDA at pH = 14.



Table S1. Comparison of Catalytic OER Performance in Alkaline Electrolytes.

Electrocatalysts η10 (mV) Tafel slope 
(mV dec−1) Reference

Ni(OH)2-FcDA NAs 203 38.2 This work
Ni(OH)2 NAs + CL 194 82.1 This work

Ni(OH)2 NAs-FcDA NAs+ CL 183 53.2 This work
Fe-NiSe2(VSe-Ni0.70Fe0.30Se2) 210 61 [1]

Ce-NiO-E 382 118.7 [2]
NiO-NiFe2O4/rGO 296 43 [3]

Sm-NiO-E 409 81 [4]
NiSe2@Fe-NiCo LDH 260 108.9 [5]
Fe-NiSe2(Fe0.2Ni0.8Se2) 242 68 [6]

Co-NiSe2(Co0.13Ni0.87Se2/Ti) 320 94 [7]
m-Ni0.94Fe0.06Se2 279 39 [8]

Cu-(a-NiSe/c-NiSe2)/TiO2 NRs 339 54.2 [9]
Ni0.7Fe0.3Se2-30% rGO 265 57 [10]

Fe-NiSe2-25(Fe0.5Ni0.5Se2) 250 52 [11]
NiFe(2,2'-bpy)2@CNT 240 42.4 [12]

a-CoPSe 223 32 [13]
Fe2+-NiFe LDH 249 40.3 [14]

NiCo2-xFexO4 NBs 274 42 [15]
30% Ce-NiFe-LDH 242 34 [16]

NiFe LDH-UF 254 32 [17]
HG-NiFe 310 39 [18]

Fe-doped-(Ni-MOFs)/FeOOH 210 50 [19]
FeOOH@NiFe LDH(0.2 M ) 252 51.5 [20]

Ni-MIL-53-Fc 297 60.2 [21]
NiFe LDH nanomesh 268 30 [22]
FeNi LDH sheet/FeNi 130 39 [23]

NiFeV LDHs 192 42 [24]
Ni0.67Fe0.33/C 210 35 [25]

CoFe LDH HNC 238 42 [26]
The table compares the catalytic OER performance of three key systems developed 

in this work: (1) Ni(OH)2-FcDA NAs in 1 M KOH, (2) Ni(OH)2 NAs in 1 M KOH with 



50 µM FcDA additive, and (3) Ni(OH)2-FcDA NAs in 1 M KOH with 50 µM FcDA 

additive. Their performance, evaluated by metrics such as the overpotential at 10 mA 

cm⁻2 (η10) and Tafel slope, is benchmarked against other state-of-the-art Ni-based 

electrocatalysts reported in the literature (Ref S1-S26), with all data obtained in KOH-

based electrolytes for a fair comparison.
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