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1. Supplementary Experimental method and corresponding Figures S1-S3 and Table S1

1.1. Preparation of NiAl-LDH with different synthesis conditions 

All reagents used in this work were of analytical grade and used without further purification. 

The synthesis conditions were optimized by adjusting the molar ratio of Ni/Al/precipitator (or Urea) 

from 2/1/7 to 2/1/14, the aging time from 6 h to 36 h and the hydrothermal temperature from 110 °C 

to 150 °C. The acronyms with the molar ratio of constituents and the temperature of hydrothermal 

treatment as well as time of hydrothermal treatment were applied to denote the prepared catalysts’ 

precursor. The x in NiAl-x denotes the only changed synthesis conditions. For instance, NiAl-2/1/7 

indicates the NiAl-LDHs were synthesized in condition with the 2/1/7 of constituent molar ratio and 

hydrothermal treatment for 12 h at 150 °C. NiAl-6 h donates NiAl-LDHs were prepared in condition 

with the 2/1/14 of constituent molar ratio and hydrothermal treatment for 4 h at 150 °C. NiAl-110 °C 

represents the NiAl-LDHs were synthesized constituent molar ratio of 2/1/14 and hydrothermal 

treatment for 12 h at 110 °C. 
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Figure S1. X-ray diffraction patterns of NiAl-LDH under different Ni/Al/Urea molar ratios. 

Figure S2. X-ray diffraction patterns of NiAl-LDH under different crystallization time. 

Figure S3. X-ray diffraction patterns of NiAl-LDH under different crystallization temperatures. 

1.2. Analysis table of XRD patterns 
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hydrothermal time, Table S1. Analysis of XRD patterns for NiAl-LDH prepared by 

adjusting hydrothermal temperature as well as Ni/Al/Urea molar ratio. 

Sample 

(003) integral

intensity

W1/2 for 

(003) 
d(003) 

Crystallite 

sizea 

Lattice 

parameter 

(a.u.) (°) (nm) (nm) a (nm) c (nm) 

NiAl-2/1/7 12011 0.540 0.759 12.0 3.024 22.809 

NiAl-2/1/14 14012 0.539 0.758 12.5 3.025 22.811 

NiAl-2/1/20 12053 0.553 0.756 12.3 3.023 22.749 

NiAl-6 h 9436 0.699 0.760 11.7 3.024 22.841 

NiAl-12 h 14012 0.539 0.758 12.5 3.025 22.811 

NiAl-24 h 13875 0.541 0.761 11.6 3.025 22.866 

NiAl-36 h 12434 0.368 0.760 21.9 3.028 22.846 

NiAl-110°C 7350 0.654 0.758 7.8 3.023 22.825 

NiAl-130°C 10930 0.648 0.756 10.0 3.022 22.779 

NiAl-150°C 14012 0.539 0.758 12.5 3.025 22.811 
a Crystallite size calculated as XRD coherent domain in (003) direction using Scherrer’s formula. 

2. Supplemental SAED patterns of samples

Figure S4. SAED patterns of samples: A) NiAl-LDH; B) NiAl-LDO; C) NiO/γ-Al2O3. 

3. Supplemental properties of XPS spectra for catalysts before and after reaction

Table S2. Properties of XPS spectra for catalysts before and after reaction. 

Catalysts 
Before reaction After reaction 

Ni species Relative intensity (%) Ni species Relative intensity (%) 

NiAl-LDO Ni2+ 100 Ni2+, Ni0 97.86, 2.14 

NiO/γ-Al2O3 Ni2+ 100 Ni2+, Ni0 62.16, 37.84 

4. Supplemental X-ray diffraction patterns of the tested NiAl-LDO
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Figure S5. X-ray diffraction patterns of the tested NiAl-LDO. (Without pre-reduction, after 

reaction under 500 °C .). 

5. Supplemental X-ray diffraction patterns of the tested NiO/γ-Al2O3

Figure S6. X-ray diffraction patterns of the tested NiO/γ-Al2O3. (Without pre-reduction, after 

reaction under 500 °C .). 


