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Calculation method of the TOF: 

Given that some of our Ni NPs fall in a relatively large size domain, e.g., the 13.3, 18.8 and 27.4 nm Ni 

NPs, we calculate the TOF by assuming that only the Ni atoms located in the outermost 5 nm layer of the 

highly dispersed NP are active in the liquid phase reaction system.
1
 The ratio (𝑅) of active Ni atoms in 

each NP can be calculated as the equation below: 

𝑅 = 1 −

4
3𝜋 (

𝑑𝑁𝑖 − 5
2 )

3

4
3
𝜋 (

𝑑𝑁𝑖
2
)
3 = 1 − (

𝑑𝑁𝑖 − 5

𝑑𝑁𝑖
)3 

where 𝑑𝑁𝑖 is the diameter of Ni NP. For the 4.9 nm Ni NPs, 𝑅 equals one. The calculation of TOF is thus 

given as the equation below: 

𝑇𝑂𝐹 =
𝑉𝐻2

22.4 ∗ 𝑉𝑠 ∗ 𝐶𝑁𝑖 ∗ 𝑡 ∗ 𝑅
 

where 𝑉𝐻2 is the total volume of H2 generated, 𝑉𝑠 is the volume of solution, 𝐶𝑁𝑖 is the molar concentration 

of Ni NPs added in the reaction mixture, and 𝑡 is the reaction time.
2-4
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Table S1. The SSAs of three carbon materials given by the suppliers and measured in this study. 

Carbon materials SSA given by the suppliers SSA measured in this study 

KB 1400 m
2
·g

−1
 1339.3 m

2
·g

−1
 

CNT 100−160 m
2
·g

−1
 113.8 m

2
·g

−1
 

GNP 50−80 m
2
·g

−1
 62.5 m

2
·g

−1
 

 

 

 

 

 

 

 

 

 

 

 

Table S2. Average particle sizes and crystal sizes of the Ni NPs measured from the TEM and XRD 

characterizations. 

Average particle size from TEM Average crystal size from XRD
a
 

27.4 nm 7.4 nm 

18.8 nm 5.6 nm 

13.3 nm 4.3 nm 

8.9 nm 3.9 nm 

4.9 nm 2.8 nm 

a
 Calculation based on the (111) crystal plane using the Scherrer equation 
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Table S3. The TOFs of different carbon supported catalysts and unsupported 8.9 nm Ni NPs. 

Catalyst TOF (molH2
·molNi

−1
·h

−1
) 

8.9 nm Ni/KB 357.7 

8.9 nm Ni/CNT 199.3 

8.9 nm Ni/GNP 220.8 

8.9 nm Ni NPs 154.2 

 

 

 

 

 

 

 

 

 

 

Table S4. Catalytic activity in terms of TOF of the reported metal-based catalysts for the hydrolytic 

dehydrogenation of AB. 

Catalyst TOF
a
 (molH2

·molNi
−1

·h
−1

) Reference 

4.9 nm Ni/KB 447.9 this study 

Skeletal Ni 318 
5
 

PVP stabilized Ni 270 
6
 

3.2 nm Ni/KB 528 
7
 

Hollow Ni NPs 258 
8
 

Ag@Ni/graphene 462 
9
 

Pd/zeolite 375 
10

 

Pd/hydroxyapatite 300 
11

 

Cu@Co/graphene 501.6 
12

 

Cu@FeNi 502.2 
13

 

Ag/C/Ni 319.2 
14

 

CuCo/graphene 588.6 
15

 

Ru1Cu7.5/graphene 588 
16
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Co/zeolite 321.6 
17

 

Cu/zeolite 47 
18

 

Co/graphene oxide 289.8 
19

 

In-situ Fe 150 
20

 

Ni/Al2O3 390 
21

 

Cu@SiO2 194.4 
22

 

PEG stabilized Fe 384 
23

 

Co@N-C-700 336 
24

 

PtNi@SiO2 332.4 
25

 

a
 Values either recalculated or directly provided based on the original data in the studies 
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Scheme S1. Schematic illustration of the synthetic procedures of monodispersed Ni NPs. 
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Figure S1. Representative TEM images of the spent (a) 8.9 and (b) 4.9 nm Ni NPs after the 

dehydrogenation of AB. 
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Figure S2. Blank experiments of the dehydrogenation of AB with three carbon supports. 

  



S u p p o r t i n g      I n f o r m a t i o n  

S - 9 

 

 

 

Figure S3. PSD curves with Gaussian fits of the 4.9 nm Ni/KB catalyst before the test (a), after five 

catalytic cycles (b), and after the New-1
st
 cycle (c). 
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