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(a,b) SEM micrographs of PS/Ni nanohybrids. (c) XRD for PS/Ni nanohybrids 

Temperature profile for the modified calcination process. The red dash line shows the 

separation of the temperature region into 1st stage (Template removal) and 2nd stage 

(Ni oxidation), respectively. 

One-dimensional XRD profile of the 3D NiO/Ni nanocomposite after the first stage 

calcination and air quench to the room temperature. 

XPS spectrum of nanoporous gyroid Ni/NiO nanocomposite. 

FESEM micrograph of the nanoporous gyroid Ni/NiO/C nanocomposite in small 

magnification mode. 

(a) BET results and (b) pore-size distribution of nanoporous gyroid Ni/NiO/C 

nanocomposite.  
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XPS spectrum of nanoporous gyroid Ni/NiO/C nanocomposite. 

(a) Ni 2p XPS spectrum, (b) O 1s XPS spectrum, (c) C 1s XPS spectrum.  

Thermogravimetric Analysis (TGA) results for the nanoporous gyroid Ni/NiO/C 

nanocomposite under air purge.  

Ratability comparison between our work and previous reports. The nanoporous 

gyroid Ni/NiO/C nanocomposite in this work exhibited better ratability than previous 

reports of NiO based electrode. 

(a) SEM micrograph of Ni/NiO/C composite prepared as sheet film. (b) 

Corresponding XRD profile (c) Specific capacity of nanoporous gyroid Ni/NiO/C 

nanocomposite anode as a function of cycling number at the current density of 1 A/g. 

The sheet-film Ni/NiO/C anode was subject to a sudden capacity loss at the 187th 

cycle. (d) Comparison of specific capacity of nanoporous gyroid Ni/NiO/C 

nanocomposite (black) and Ni/NiO/C sheet film composite (red). 

Charge/Discharge profiles at different cycle number. (current density = 1 A/g) 

Nyquist plots of the nanoporous gyroid Ni/NiO/C nanocomposite electrode after 

different cycles. The spectra were measured over the frequency range from 1 MHz to 

0.01 Hz. Inset shows the equivalent circuit used for data fitting.  

TEM image of nanoporous gyroid Ni/NiO/C nanocomposite electrode after 1000 

cycles. 

Table S1.  Comparison of the element parameters from the equivalent circuit in Figure S12. 

Table S2.  Comparison of cycle performance for NiO based LIBs. 
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Microscopy (TEM) 

TEM observations were performed on a JEOL-6210 or JEOL, JEM-ARM200 FTH using 

accelerating voltages of 200 keV. Before observations, the bulk samples were prepared by 

microtome to slice thin sections with the thickness of 50 nm for TEM observation. 

 

Microscopy (FESEM) 

FESEM observations were performed on a JEOL JSM-6700F or FEI Quanta450 using 

accelerating voltages of 3-10 keV. Before observations, the samples were sputter-coated with 2-3 

nm of platinum to avoid the charge effect (the platinum coating thickness was estimated from a 

calculated deposition rate and experimental deposition time). 

 

Small-angle X-ray Scattering (SAXS) 

Small-angle X-ray scattering (SAXS) experiments were conducted at the synchrotron X-ray 

beam-line X27C at the National Synchrotron Radiation Research Center (NSRRC) in Hsinchu. 

The wavelength of the X-ray beam was 0.155 nm. A MAR CCD X-ray detector (MAR USA) was 

used to collect the two-dimensional (2D) SAXS patterns. One-dimensional (1D) linear profile was 

obtained by integration of the 2D pattern. The scattering angle of the SAXS pattern was calibrated 

using silver behenate, with the first-order scattering vector q (q = 4λ-1 sinq, where 2q is the 

scattering angle) being 1.076 nm-1. 

 

X-ray Diffraction (XRD) 

To further confirm the structure of the ordered nanoporous gyroid Ni/NiO/C and Ni/NiO 

nanocomposites, powder sample was prepared and performed a XRD experiment. The crystal 
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structure of the as-prepared product was characterized by XRD using a Rigaku Ultima IV X-ray 

diffractometer with Cu KR radiation (λ= 0.1542 nm). The scanning 2θ angle ranged between 20° 

and 70° with a step scanning of 1° for 1 s. 

 

Thermogravimetric Analysis (TGA) 

TGA analyses were carried out using Q500 (TA Instruments) under air purge. The 

temperature was increased with a temperature ramp rate of 5 °C/min up to 750 oC to complete the 

characterization of C, Ni and NiO weight percentage. The Carbon content was calculated directly 

by the weight loss from 300-550 oC resulting from the carbon decomposition and the Ni content 

was calculated by the weight gain due to the oxidation of remained Ni from 550 oC -750 oC.  

 

X-ray Photon Spectroscopy (XPS) 

XPS analysis was performed by ULVAC-PHI XPS under Scanning Monochromated A1 

anode. Bulk sample was prepared and the corresponding spectra were demonstrated in Fig S5 and 

S6. The XPS data was measured and collected under 180° spherical capacitor analyzer with 32 

channel detector. 

 

Preparation of Ni/NiO/C Composite as Sheet Film 

A fresh growth aqueous solution consisting of NiCl2 (0.4 g), hydrazinium hydroxide (4 ml), 

ammonium hydroxide (6.4 ml), DI water (40 ml) and methanol (40 ml) was prepared under 

temperature about 60 oC to grow the Ni. After one day of the reaction, the Ni ion was reduced into 

Ni and form a condensed sheet film from the solution. Ni sheet film was collected and performed 

under same annealing process (i.e. same temperature profile in Fig S2) to oxidize the Ni into NiO. 
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After the Ni/NiO composite was formed, same carbon coating process was performed to fabricate 

Ni/NiO/C composite. 
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Figure S1. (a,b) SEM micrographs of PS/Ni nanohybrids. (c) XRD profile for PS/Ni 

nanohybrids 
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Figure S2. Temperature profile for the modified calcination process. The red dash line shows the 
separation of the temperature region into 1st stage (Template removal) and 2nd stage (Ni oxidation), 
respectively. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	

	 8 

  
Figure S3. One-dimensional XRD profile of the 3D NiO/Ni nanocomposite after the first stage 
calcination and air quench to the room temperature.  
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Figure S4. XPS spectrum of nanoporous gyroid Ni/NiO nanocomposite. 
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Figure S5. FESEM micrograph of the nanoporous gyroid Ni/NiO/C nanocomposite 

in small magnification mode.  
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Figure S6. (a) BET results and (b) pore-size distribution of nanoporous gyroid Ni/NiO/C 

nanocomposite. 
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Figure S7. XPS spectrum of nanoporous gyroid Ni/NiO/C nanocomposite. 
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Figure S8. (a) Ni 2p XPS spectrum, (b) O 1s XPS spectrum, (c) C 1s XPS spectrum. 
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Figure S9. Thermogravimetric Analysis (TGA) results for the nanoporous gyroid 

Ni/NiO/C nanocomposite under air purge. 
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Figure S10. Ratability comparison between our work and previous reports. The nanoporous gyroid 
Ni/NiO/C nanocomposite in this work exhibited better ratability than previous reports of NiO 
based electrode. 
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Figure S11. (a) SEM micrograph of Ni/NiO/C composite prepared as sheet film. (b) XRD profile 
of Ni/NiO/C sheet film composite (c) Specific capacity of nanoporous gyroid Ni/NiO/C 
nanocomposite anode as a function of cycling number at the current density of 1 A/g. The sheet-
film Ni/NiO/C anode was subject to a sudden capacity loss at the 187th cycle. (d) Comparison of 
specific capacity of nanoporous gyroid Ni/NiO/C nanocomposite (black) and Ni/NiO/C sheet film 
composite (red). 
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Figure S12. Charge/Discharge profiles of nanoporous gyroid Ni/NiO/C nanocomposite at 
different cycle numbers. (current density = 1 A/g) 
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Figure S13. Nyquist plots of the nanoporous gyroid Ni/NiO/C nanocomposite electrode after 
different cycles. The spectra were measured over the frequency range from 1 MHz to 0.01 Hz. 
Inset shows the equivalent circuit used for data fitting.  
 
 
 
 
 
Table S1. Comparison of the element parameters from the equivalent circuit in Figure S12. 
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Figure S14. TEM image of nanoporous gyroid Ni/NiO/C nanocomposite electrode after 1000 
cycles. 
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Table S2. Comparison of cycle performance for NiO based LIBs. 
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