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Chemicals 

Nickel(II) nitrate hexahydrate (Ni(NO3)2·6H2O, 99.999%), tetraethyl 

orthosilicate (TEOS, 98%), and cetrimonium bromide (C16TAB, ≥98%), 

acetophenone (99%), isopropanol (99.9%) were purchased from Aldrich. 

Nickel-aluminum alloy (Ni3Al) was purchased from Lancaster. Ammonium 

hydroxide (NH4OH, 28% in water) and ethanol (99.9%) were obtained from 

Junsei and J. T. Baker, respectively. The reagents were used as received 

without further purification.

Preparation of mSiO2 nanosphere 
C16TAB (6.0 g, 16.5 mmol) was dissolved in a solution containing distilled 

water (300 mL), ammonia (28 wt% in water, 4.0 mL) and ethanol (200 mL), 

and then stirred for 1 h at room temperature. TEOS (8.0 mL) was added to 

the prepared solution and stirred at 200 rpm for 10 h under an ambient 

condition. The silica particles were precipitated by centrifugation at 8,000 

rpm for 10 min, and then, washed with ethanol. After drying at room 

temperature for 20 h, the white powder was placed in an alumina boat in a 

tube-type furnace, heated at a ramping rate of 4.4 °C·min−1 to 550 °C, and 

calcined at the same temperature for 6 h in air in order to remove the 

remaining surfactant. 

Preparation of Ni@mSiO2 nanocatalyst
For synthesis of the Ni (10 wt%)@mSiO2 nanocatalyst, Ni(NO3)2·6H2O 

(275 mg, 0.95 mmol) and mSiO2 powder (500 mg, 8.3 mmol) were 

uniformly ground in a mortar for 5 min. After grinding under an ambient 

condition, the resulting green powder was aged at 60 °C in a tumbling 

oven. After aging for 24 h, the cooled sample at room temperature was 



transferred to an alumina boat in a tube-type furnace. Finally, the nickel-

incorporated silica powder was slowly heated at a ramping rate of 4 

°C·min−1 up to 500 °C under a H2 flow of 200 mL·min−1 and maintained at 

the same temperature for 4 h under a continuous flow of H2. After thermal 

reduction, the resulting black powder was cooled down to room 

temperature and immediately submerged in ethanol (35 mL) under a flow 

of N2 (1.0 L·min−1) in order to minimize surface oxidation of the nickel 

particles. The Ni (10 wt%)@mSiO2 powder immersed in ethanol was 

simply separated by a magnet and dried in a vacuum oven at 60 °C.

Characterization
A high-resolution TEM (HRTEM) analysis was performed using a Tecnai 

TNiF30 ST and a Titan Double Cs corrected TEM instrument (Titan cubed 

G2 60-300). Energy-dispersive X-ray spectroscopy (EDS) elemental 

mapping data were collected using a high-efficiency detection system 

(Super-X detector). For the TEM analysis, the samples were prepared by 

putting a few drops of the corresponding colloidal solutions on Formvar 

carbon-coated copper grid and lacey carbon grid (Ted Pellar, Inc). X-ray 

photoelectron spectroscopy (XPS) spectra were measured using a K-alpha 

plus (Thermo) with a monochromated Al-Kα (hν = 1486.6 eV)) as the X-ray 

source with a pass energy of 50.0eV and a step size of 0.1 eV. High-power 

X-ray powder diffraction (XRD) (Rigaku D/MAX-2500, 18 kW) was also 

used for the analysis. Hydrogen chemisorption measurement was carried 

out using a Micromeritics ASAP 2020 C. Before measurement, the sample 

was heated in flowing hydrogen gas to 400 °C and was held at the same 

temperature for 8 h. The H2 adsorption isotherm was measured at 35 °C. 

Nitrogen sorption isotherms were measured at −196 °C with a Tristar II 



3020 surface area analyzer. Before the measurements, the samples were 

degassed in vacuum at 300 °C for 4 h.



Fig. S1 (a) HAADF image (bars: 5nm) and (b) the size distribution of 

nickel nanoparticles of Ni@mSiO2.



Fig. S2 The XPS spectra of Ni@mSiO2 at Ni peak.



Fig. S3 GC spectra of transfer hydrogenation using (a) Ni@mSiO2 , (b) 

nickel-aluminium alloy catalyst. Acetopheneone and 1-phenylethanol was 

detected at 12.02min, 12.07 min each.



Fig. S4 MS Spectra of various compounds of Table 2. 



Fig. S5 (a-b) TEM images, (c) XRD spectrum of Ni@mSiO2 catalyst after 

reuse. The bars represent 500 nm (a), 100 nm (b).



Fig. S6 GC spectra of transfer hydrogenation using recycle of Ni@mSiO2 

catalyst. Acetophenone and 1-phenylethanol was detected at 11.93 min, 

12.12 min each.



Fig. S7 Scanning TEM images with elemental mapping a) Si and b) Ni.



Fig. S8 GC spectra of transfer hydrogenation using a) without Ni@SiO2, 

b) mSiO2, c) Ni salt@mSiO2, and d) Ni salt, respectively.



Fig. S9 XRD spectrum of nickel-aluminium alloy



Fig. S10 GC spectra of transfer hydrogenation using recycle of 

Ni@mSiO2 catalyst after reduction. Acetophenone and benzaldehyde 

oxime was detected at 12.013 min, 12.200 min each.



Fig. S11 GC spectra of transfer hydrogenation of various reactant using 

Ni@mSiO2 nanocatalyst. a) 4-nitrobenzaldehyde, b) propiopheone, c) 4-

nitroacetopheone, and d) 2-hydroxyacetopheone.



Fig. S12 (a) N2 adsorption/desorption isotherms of 500 ℃ (black) and 600 ℃ 

(red) of mSiO2 and (b, c) pore size distribution diagrams of 500 ℃ and 600 ℃ of 

mSiO2, respectively.



Fig. S13 NMR spectrum of acetophenone and 1-phenylethanol a) 
1HNMR and b) 13CMNR, respectively.



Fig. S14 Various of aryl ketone compounds with HNMR spectrum.



Table S1. Comparison of the conversion and yield data of Ni- or Ru- based 
nanocatalysts with those found in the literature for transfer hydrogenation.
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