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1. Chemicals 

Polyoxyethylene (20) cetyl ether (Brij®58, Acros Organics), ammonium hydroxide (NH3·H2O, 

25%−28%, Tianjin Damao Chemical Reagent Co. Inc., China), tetraethyl orthosilicate (TEOS, 

Sinopharm Chemical Reagent Co., Ltd.), cyclohexane (Sinopharm Chemical Reagent Co., Ltd.), 

isopropanol (IPA, Sinopharm Chemical Reagent Co., Ltd.), hexachloroplatinic acid hexahydrate 

(H2PtCl6·6H2O, Sinopharm Chemical Reagent Co., Ltd.), trisodium citrate dihydrate 

(C6H5Na3O7·2H2O, Na3Cit, Tianjin Fuchen Chemical Reagent Co. Inc., China), potassium 

permanganate (KMnO4, Tianjin Guangfu Fine Chemical Research Institute), graphite (Tianjin 

Bodi Chemical Co., Ltd.), concentrated phosphoric acid (Tianjin Fuyu Fine Chemical Co., Ltd.), 

concentrated sulfuric acid (H2SO4, 98%, Tianjin Chemical Reagent Factory), hydrochloric acid 

(HCl, Tianjin Chemical Reagent Factory), sodium borohydride (NaBH4, Sinopharm Chemical 

Reagent Co., Ltd.), (3-aminopropyl) triethoxysilane (APTES, Shanghai Aladdin Biochemical 

Polytron Technologies Inc.), ammonia-borane (AB) complex (90%, Shanghai Aladdin 

Biochemical Polytron Technologies Inc.).

2. Synthesis of catalysts

2.1 Synthesis of NGO. Nanosized graphene oxide (NGO) was prepared by a two-step oxzidation 

process.1 Firstly, large-sized graphene oxide (LGO, micrometer scale) was synthesized by a 

modified Hummers method.2-3 Typically, 6.0 g of KMnO4 powders, 1.0 g of graphite and 13 mL 

of concentrated phosphoric acid were added in a 250 mL three-neck round-bottom flask at 50 °C. 

Then 120 mL of concentrated sulfuric acid was very slowly added into the above mixture with 

continuous stirring overnight. The resulted sticky mixture was slowly added into 300 mL ice-water 

under stirring, followed by slow addition of 10 mL of H2O2 solution (30 wt%). The mixture was 

centrifuged at 9000 rpm for 10 min then washed with dilute hydrochloric acid and water for 3 
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times, respectively. The products were collected after drying for 10 h under air. For the synthesis 

of NGO, 50 mg of LGO and 50 mL of concentrated H2SO4 (98%) were added into a 100 mL three-

neck round-bottom flask. Then, 150 mg of KMnO4 was slowly added to the above solution with 

vigorous stirring at 45 °C. The mixture was stirred for another 2.5 h and then slowly poured into 

95 mL of ice-water under stirring. After that, 5 mL of H2O2 solution (30 wt%) was added to the 

above solution and stirred for another 1 h. Finally, the solution was ultrasonicated for 0.5 h to 

obtain the exfoliated NGO. The solution was stored for further using. 

2.2 Synthesis of SiO2@Pt. Firstly, amino-functionalized silica nanoparticles (SiO2-NH2) were 

synthesized by a reverse microemulsion method.4-5 Typically, 3.37 g of Brij®58 (3 mmol) and 15 

mL of cyclohexane were added into a 50 mL single-neck round-bottom flask under the stirring 

rate of 500 rpm at 50 °C to form transparent solution. 1 mL of ammonium hydroxide was added 

dropwise to the above solution and stirred for 0.5 h, then 2.0 g of TEOS was added. After 5 h 

hydrolysis of TEOS, 0.5 mL of APTES was added and stirred for another 2 h. Then, 15 mL of IPA 

was added to demulsify the microemulsion, the mixture was collected and centrifuged at 6000 rpm 

for 10 min and washed by 30 mL of IPA for another 2 times. The resulting products were dried at 

100 °C for 5 h. For the synthesis of silica supported Pt nanoparticles (SiO2@Pt, Pt loading of 2 

wt%), 0.30 g of SiO2-NH2 was dispersed in 25 mL of H2O and ultrasonicated for 0.5 h, then 

transferred to a 100 mL single-neck round-bottom flask under the stirring rate of 550 rpm at 4 oC. 

Subsequently, 25 mL of H2PtCl6 aqueous solution (1.23 mM) was added dropwise into the above 

mixture. After 5 minutes of stirring, 0.62 mL of Na3Cit aqueous solution (0.17 M) and 1 mL of 

freshly prepared NaBH4 aqueous solution (0.062 M) were injected directly into the system.6 After 

10 min of reduction, the mixture was separated via centrifugation at 6000 rpm for 10 min and 
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washed with water for two times, the products were redispersed in 20 mL of water for the following 

experiments.

2.3 Synthesis of SiO2@Pt@NGO. For the synthesis of SiO2@Pt@NGO with NGO loading of 1 

wt%, 9 mL of NGO solution were added dropwise into the 20 mL of redispersed SiO2@Pt 

suspension with continuous stirring at room temperature overnight. The mixtures were separated 

via centrifugation at 8000 rpm for 5 min and washed with water for several times to totally remove 

the H2SO4. The products were dried at 100 °C for 5 h under air.

2.4 Synthesis of Pt/LGO. For the activity comparison, we also prepared LGO supported Pt 

nanoparticles (Pt/LGO). Typically, 12 mg of LGO were dispersed with 20 mL of water in a single-

neck round-bottom flask to form a homogeneous solution. Then 25 mL of H2PtCl6 aqueous 

solution (1.23 mM) were added dropwise into the above mixture with continuous stirring at 4 °C. 

0.62 mL of Na3Cit aqueous solution (0.17 M) and 1 mL of freshly prepared NaBH4 aqueous 

solution (0.062 M) were injected directly into the above solution. After 10 min of reaction, the 

mixture was separated via centrifugation at 9000 rpm for 10 min and washed with water for two 

times.

3. Catalytic activity measurement

3.1 Catalytic hydrolysis of AB. The procedure of this reaction was performed as reported.7 

Typically, 40 mg of catalyst and 5 mL of water were mixed in a double-neck round-bottom flask 

with stirring in a water bath at 30 °C. There was an inverted cylinder full with water connected 

with the flask to measure the volume of gas generated from it. The reaction started as soon as the 

aqueous solution of AB (5 mL, 0.75 mmol) were injected into the system. The time interval of 
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every 5 mL of displacement was recorded. The reaction was completed when there was no more 

gas generated.

3.2 Durability test. The procedure of durability test was similar to the above. Generally, 40 mg 

of SiO2@Pt@NGO and 5 mL of water were added in a double-neck round-bottom flask stirring at 

30 °C. The reaction started when aqueous solution of AB (5 mL, 0.75 mmol) were injected into 

the system. The time interval of every 5 mL of displacement was recorded. The first cycle was 

completed when the gas generation stopped. The catalyst was separated by centrifugation and 

washed with water for next cycle.

3.3 Calculation method. The turnover frequency (TOF) value was measured based on the total 

number of Pt atoms added into the reaction system which shows as follow8:

TOF =
VH2

22.4VsCPt
t

VH2 represented the total volume of hydrogen generated, Vs was the total volume of solution (10 

mL in this report), CPt was the concentration of Pt in the reaction mixture, and t was the total 

reaction time. The unit of TOF used in this study was molH2 molPt
−1 min−1.

3. Characterizations

TEM images were captured by a Tecnai G2 20 S-Twin transmission electron microscopy (TEM) 

at an accelerating voltage of 200 kV. Scanning transmission electron microscopy (STEM) and 

energy-dispersive X-ray spectroscopic (EDS) data were recorded with a JEM-2100F instrument 

operating at 200 kV. Atomic Force Microscope (AFM) images were captured by a Bruker 

Dimension ICON instrument. The XRD patterns were recorded on a Rigaku DMAX IIIVC X-ray 
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diffractometer with Cu Ka (0.1542 nm) radiation scanning from 5 ° to 90 ° (2θ) at the rate of 6 

°/min. X-ray photoelectron spectroscopy (XPS) was acquired by ThermoFisher ESCALAB™ 250 

Xi with an Al Kα X-ray source operating at 150 W (15 kV). The binding energies were calibrated 

using the C 1s peak at 284.6 eV, and the software XPS PEAK 4.1 was used for curve fitting. 

Raman spectra were measured on a confocal laser micro-Raman spectrometer (Thermo 

DXR Microscope, USA).

Figure S1. TEM images of SiO2@Pt with Pt loading of (A) 1 wt%, (B) 2 wt%, (C) 5 wt%, and 

(D) 10 wt%.
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Table S1. Content of Pt in SiO2@Pt@NGO with different loadings based on ICP-AES analysisa.

Sample Content of Pt
(mg/L)

Pt content in 
SiO2@Pt (%)

Loading 
percentage (%)

Practical Theoretical 

1 SiO2@Pt 15.40 0.77 1 77

2 SiO2@Pt 39.44 1.97 2 98.5

3 SiO2@Pt 103.9 5.20 5 104

4 SiO2@Pt 190.6 9.53 10 95.3
aFor the ICP analysis, 10 mg of product was dissolved with 1 mL of HF and 1 mL of aqua regia, 

and then transferred to a 5 mL volumetric flask. Practical Pt content = content of Pt based on ICP-

AES × volume of solution (0.005 L) × 100% / (amount of SiO2@Pt (0.01 g)). Theoretical Pt 

content = amount of Pt4+ precursor added / (total amount of SiO2@Pt). Loading percentage of Pt 

= practical Pt content in SiO2@Pt / (theoretical Pt content in SiO2@Pt).

Figure S2. XRD patterns of SiO2@Pt with different loadings of Pt.
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Figure S3. Time curves for hydrogen generation from hydrolysis of AB catalyzed by SiO2@Pt 

with different Pt loadings (nPt/nAB = 0.0055, nAB = 0.75 mmol, Vs = 5 mL).

Figure S4. (A-B) TEM images of NGO; (C) AFM image of NGO; (D-E) size and thickness of 

NGO.
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Figure S5. HRTEM images of SiO2@Pt@NGO

Table S2. Catalytic activities comparison with recently reported Pt-based catalysts for hydrolysis 

of ammonia borane.

Catalyst Temp
(°C)

Metal/AB molar 
ratio

TOF
(min-1)

Ref

Pt/C 25 0.018 111 9
Pt/SiO2 (2 wt%) rt 0.018 33 9

Pt@SiO2 25 0.00245 158.6 10
Pt-CeO2/rGO 25 0.0079 93.8 11
Pt@MIL-101 rt 0.0029 414 12

Pt/CNT 30 0.0047 567 13
Pt25@TiO2 25 0.0016 311 14
Pt/-Al2O3 25 0.018 222 15
Pt-CeO2 25 0.018 182 16

(Zn'
6)Pt/RGO 25 0.01 284 17

SiO2@Pt@NGO 30 0.0055 324.6 This work
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Figure S6. Raman spectra of GO and SiO2@Pt@NGO.

Figure S7. TEM images of large scale graphene oxide supported Pt nanopartilces (Pt/LGO).
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Figure S8. (A-B) TEM images of SiO2@Pt@NGO and SiO2@Pt@LGO respectively; (C) time 

curves for hydrogen generation catalyzed by these two samples.

Figure S9. XPS spectra of element N in SiO2-Pt@NGO with different NGO loading of 0 wt%, 

0.5 wt%, 1.0 wt%, 2.0 wt%.
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Figure S10. XRD patterns of SiO2-Pt@NGO with different NGO loading of 0 wt%, 0.5 wt%, 

1.0 wt%, and 2.0 wt%.

Figure S11. TEM images of SiO2@Pt@NGO before catalyzing hydrolysis of AB (A), SiO2@Pt 

with same Pt loading (B), SiO2@Pt@NGO with 1 wt% NGO (C), SiO2@Pt@NGO with 2 wt% 

NGO (D) after six runs for catalytic reaction.

12



4. References

1. Kim, H.-i.; Moon, G.-h.; Monllor-Satoca, D.; Park, Y.; Choi, W., Solar photoconversion using 

graphene/TiO2 composites: Nanographene shell on TiO2 core versus TiO2 nanoparticles on 

graphene sheet. The Journal of Physical Chemistry C 2012, 116 (1), 1535-1543.

2. Hummers Jr W S, O. R. E., Preparation of graphitic oxide. Journal of the American Chemical 

Society 1958, 80(6), 1339-1339.

3. Gilje, S.; Han, S.; Wang, M.; Wang, K. L.; Kaner, R. B., A chemical route to graphene for 

device applications. Nano Letters 2007, 7 (11), 3394-8.

4. Ge, Y.; Shah, Z. H.; Lin, X.-J.; Lu, R.; Liao, Z.; Zhang, S., Highly efficient Pt decorated CoCu 

bimetallic nanoparticles protected in silica for hydrogen production from ammonia–borane. 

ACS Sustainable Chemistry & Engineering 2016, 5 (2), 1675-1684.

5. Ge, Y.; Shah, Z. H.; Wang, C.; Wang, J.; Mao, W.; Zhang, S.; Lu, R., In situ encapsulation of 

ultrasmall CuO quantum dots with controlled band-gap and reversible thermochromism. ACS 

Applied Material & Interfaces 2015, 7 (48), 26437-44.

6. Wang, R.; Ji, X.; Huang, Z.; Xue, Y.; Wang, D.; Yang, W., Citrate-regulated surface 

morphology of SiO2@Au particles to control the surface plasmonic properties. The Journal of 

Physical Chemistry C 2016, 120 (1), 377-385.

7. Chen, W.; Ji, J.; Feng, X.; Duan, X.; Qian, G.; Li, P.; Zhou, X.; Chen, D.; Yuan, W., 

Mechanistic insight into size-dependent activity and durability in Pt/CNT catalyzed hydrolytic 

dehydrogenation of ammonia borane. Journal of the American Chemical Society 2014, 136 

(48), 16736-9.

8. Ge, Y.; Ye, W.; Shah, Z. H.; Lin, X.; Lu, R.; Zhang, S., PtNi/NiO clusters coated by hollow 

sillica: Novel design for highly efficient hydrogen production from ammonia-borane. ACS 

13



Applied Material & Interfaces 2017, 9 (4), 3749-3756.

9. Xu, Q.; Chandra, M., A portable hydrogen generation system: Catalytic hydrolysis of 

ammonia–borane. Journal of Alloys and Compounds 2007, 446-447, 729-732.

10. Hu, Y.; Wang, Y.; Lu, Z.-H.; Chen, X.; Xiong, L., Core–shell nanospheres Pt@SiO2 for 

catalytic hydrogen production. Applied Surface Science 2015, 341, 185-189.

11. Yao, Q.; Shi, Y.; Zhang, X.; Chen, X.; Lu, Z. H., Facile synthesis of platinum-cerium(iv) 

oxide hybrids arched on reduced graphene oxide catalyst in reverse micelles with high activity 

and durability for hydrolysis of ammonia borane. Chemistry - An Asian Journal 2016, 11 (22), 

3251-3257.

12. Aijaz, A.; Karkamkar, A.; Choi, Y. J.; Tsumori, N.; Ronnebro, E.; Autrey, T.; Shioyama, H.; 

Xu, Q., Immobilizing highly catalytically active pt nanoparticles inside the pores of metal-

organic framework: A double solvents approach. Journal of the American Chemical Society 

2012, 134 (34), 13926-9.

13. Chen, W.; Ji, J.; Duan, X.; Qian, G.; Li, P.; Zhou, X.; Chen, D.; Yuan, W., Unique reactivity 

in Pt/CNT catalyzed hydrolytic dehydrogenation of ammonia borane. Chemical 

Communications (Camb) 2014, 50 (17), 2142-4.

14. Khalily, M. A.; Eren, H.; Akbayrak, S.; Susapto, H. H.; Biyikli, N.; Özkar, S.; Guler, M. O., 

Facile synthesis of three-dimensional Pt-TiO2 nano-networks: A highly active catalyst for the 

hydrolytic dehydrogenation of ammonia-borane. Angewandte Chemie 2016, 128 (40), 12445-

12449.

15. Chandra, M.; Xu, Q., Room temperature hydrogen generation from aqueous ammonia-borane 

using noble metal nano-clusters as highly active catalysts. Journal of Power Sources 2007, 168 

(1), 135-142.

14



16. Wang, X.; Liu, D.; Song, S.; Zhang, H., Synthesis of highly active Pt-CeO2 hybrids with 

tunable secondary nanostructures for the catalytic hydrolysis of ammonia borane. Chemical 

Communications (Camb) 2012, 48 (82), 10207-9.

17. Chen, Y.; Yang, X.; Kitta, M.; Xu, Q., Monodispersed Pt nanoparticles on reduced graphene 

oxide by a non-noble metal sacrificial approach for hydrolytic dehydrogenation of ammonia 

borane. Nano Research 2017.

15


