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Fig. S1. a) AFM image on HMDS/Si(111) with height distribution indication and its roughness 

analysis along the cross-section white line of the multi-layer. Scale bars represent 10 m. b) AFM 

image on HMDS/Si(111) with height distribution indication and its roughness analysis along the 

cross-section white line of the single-layer. Scale bars represent 2 m.  

  



IR spectra of NiIT, NiAT and ligand L (Fig. S2)  

 
Fig. S2. a) Full IR spectra using ATR method of NiAT. Comprising of NiIT (red), NiAT (blue) 

and L (black). b) Focusing S-H stretching. c) Focusing on N-H stretching.  



XPS of ligand L (Fig. S3)  

 
Fig. S3. Wide-scan XPS of ligand L.



XPS of mononuclear NiAT-M (Fig. S4)  

 
Fig. S4. a) Wide-scan XPS of NiAT-M. Narrow-scan XPS focusing on b) the Ni 2p region, c) the 

N 1s region, d) the S 2s region



XPS of mononuclear NiIT-M (Fig. S5) and NiIT (Fig. S6)  

 

Figure S4. a) Wide-scan XPS of NiIT-M. Narrow-scan XPS focusing on b) the N 1s region, c) 

the S 2s region. d) the Ni 2p region, 

 

Fig. S5. a) Wide-scan XPS of NiIT. Narrow-scan XPS focusing on b) the N 1s region, c) the S 2s 

region. d) the Ni 2p region.



Table S1. XPS of N 1s and S 2s peak regions combined table 
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SAED pattern of NiAT (Fig. S6) 

  

Fig. S6. a) SAED pattern of NiAT, scale bar 2nm-1 b) TEM image which showed the SAED pattern, 

scale bar: 500 nm. 
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Simulation structure of NiAT (Fig. S7) 

 

 
Fig. S7. a) The simulation structure using for eclipsed pattern. Space group: P3. Unit cell Length: 

a = b = 1.41 nm. The interlayer distance, c, using 0.42 nm, 0.35 nm and 0.45 nm. And the 

simulation structure using for staggered pattern. Space group:  P−3, Unit cell Length: a = b = 

1.405 nm. The interlayer distance, c, using 0.42 nm, 0.35 nm and 0.45 nm. b) The simulation 

structure using for eclipsed pattern. Space group: P3. Unit cell Length: a = b = 1.41 nm. The 

interlayer distance is 0.42 nm. Modifying  angel to changing the stacking pattern.
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Chemical conversion between NiIT and NiAT (Fig. S8)  

 

Fig. S8. a IR of NiAT before and after chemical oxidization. b IR of NiIT before and after 

chemical reduction. 
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Temperature dependent conductivity measurement of NiAT (Fig. S9) 

 

Fig. S9. a, Temperature depended resistance plot of NiAT. b, c, d, Temperature depended 

conductivity plot of NiAT.
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Structures of NiIT and NiAT were used to calculate bands (Fig. S10) 

 

Fig. S10. Schematic representations of (a) NiIT and (b) NiAT structures to calculate bands.
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MOs of NiIT and NiAT (Fig. S11) 

 

 

Fig. S11. a) Calculated MOs of NiIT (left) and NiAT (right) at HOMO level. b) Calculated MOs 

of NiIT (right) and NiAT (left) at LUMO level. 
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HER of NiAT at different pH value (Fig. S12)  

 

Fig. S12. a) Linear sweep voltammograms for HER reaction performed by Pt, NiAT/GC, GC 

under pH7 condition. b) Linear sweep voltammograms for HER reaction performed by Pt, 

NiAT/GC, GC under pH3.1 condition. c) And tafel plot.  
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Tafel slop and exchange current density (j0) of NiAT (Fig. S13) 

  

Fig. S13. Tafel slop and exchange current density (j0) of NiAT, j0 is estimated by linear fitting of 

the polarization curves using the Butler-Volmer equation.  
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Tafel slop and exchange current density (j0) of NiAT (Fig. S14)

 

Fig. S14. Charge-transfer Tafel plots of NiAT from the Nyquist plots. Inset: Nyquist plots and fits 

of the impedance response of the vertically aligned NiAT sheet array catalyst under the 

overpotential from 250 mV to 500 mV in 25 mV increments, and the relating equivalent circuit 

that was used to fit the electrochemical impedance spectroscopy (EIS) data. Rs indicates the 

uncompensated series resistance, constant- phase element (CPE) refers to the double-layer 

capacitance under HER conditions, and Rct represents the charge transfer resistance in the HER. 
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ECSA and TOF of NiAT (Figs. S15 and S16) 

The density of the active sites on the surface can identified by the electrochemical surface area 

(ECSA) of the NiAT. ECSA was calculated by testing the electrochemical double layer 

capacitance (Cdl).  

The specific capacitance can be calculated from the CV curve using the following equations: 

 

where i and v are the current and potential in the CV test (A and V), 𝜇 is the scan rate (V/s), m is 

the area of electrode (cm2), ΔV is the potential window of discharge (0.1V here, Fig. S15). Resulted 

Cdl of 2.28 mF/ cm2 and general specific capacitance of Cs = 0.12 mF/ cm2. 

 

Fig. S15.  Cyclic voltammograms (CV) curves of NiAT on glassy carbon electrode (NiAT/GC) 

and Nafion® droped glassy carbon electrode (GC) in the region of 0.1~0.2 V vs. RHE at a scan 

rate of 50 mV s−1. 

The ECSA of a catalyst can be calculated from the double layer capacitance (Cdl) and Cs 

according equation (2):  
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TOF is calculated using the current density (j) and the active site density (N) according to the 

following equation: 

 

where q is the elementary charge as 1.6×10-19, and 2 accounts for 2 electrons transfer per one H2 

molecule generation. The density of HER active sites in Ni atoms in NiAT is 7.21×1018 Ni atoms 

per cm2 according to equation (4): 

 

So the active TOF of Ni is calculated according to equation (5): 

 

The calculated TOF (Fig. S16) of NiAT.  

 

Fig. S16. Plot that displays the turnover frequency (TOF) per Ni atom NiAT catalysts.  
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Durability of NiAT for 500 cycles of HER (Figs. S17 and S18)  

 

Fig. S17. Operating potential versus HER Cycles at 10 mA cm−2. 

 

 

 

Fig. S18. a) Narrow-scan X-ray photoelectron spectroscopy (XPS) focusing on the N 1s region. b) 

Focusing on the S 2s region. c) Focusing on the Ni 2p region. Upper (red curve) before HER, lower 

(green curve) after HER. 


