
1

Supporting Information

Modulated electronic structure of Pd 
nanoparticles on Mg(OH)2 for selective 
benzonitrile hydrogenation into benzylamine at 
low temperature

Mingkai Zhang,a Yong Zou,b Sai Zhang,*b,c and Yongquan Qu*a,b

a Frontier Institute of Science and Technology, Xi’an Jiaotong University, Xi’an, 

710049, China 

b Key Laboratory of Special Functional and Smart Polymer Materials of Ministry of 

Industry and Information Technology, School of Chemistry and Chemical Engineering, 

Northwestern Poly-technical University, Xi’an 710072, China

c Research & Development Institute of Northwestern Polytechnical University in 

Shenzhen, Shenzhen, 518057, China.

Email: zhangsai1112@nwpu.edu.cn and yongquan@nwpu.edu.cn

Electronic Supplementary Material (ESI) for Inorganic Chemistry Frontiers.
This journal is © the Partner Organisations 2022



2

Table of Contents

1. Supporting Figure…………………………………………………….3

2. Supporting Table……………………………………………….……10

3. GC/GCMS Spectrum…………………………………………………11

4. References……………………………………………………………15



3

Fig. S1. XRD of the synthesized Mg(OH)2.

Fig. S2. TEM image of the synthesized Mg(OH)2.
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Fig. S3. (a) Nitrogen adsorption/desorption isotherm plot of the (a) Mg(OH)2 and (b) C 

supports. Pore size distribution of the (c) Mg(OH)2 and (d) C supports obtained from 

BET testing.

Fig. S4. TEM image of the synthesized carbon black.
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Fig. S5. Size distribution of (a) Pd/Mg(OH)2 and (b) Pd/C catalysts.

Fig. S6. Catalytic performance in different solvent. (a) Comparison on activity of 

different solvent. (b) Comparison on selectivity of different solvent at 11 h reaction.

Reaction condition: 0.5 mmol of benzonitrile, 2 mL of solvent, 20 mg of catalyst, 30 

℃, 1 MPa of H2, or 0.5 mmol of benzonitrile, 2 mL of isopropanol, 20 mg of catalyst, 

30 ℃, 1 MPa of N2.
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Fig. S7. Comparison between the different metal precursor. Reaction conditions: 0.5 

mmol of benzonitrile, 2 mL of isopropanol, 20 mg of catalyst, 30 ℃, 1 MPa of H2.

Fig. S8. TEM image of the used Pd/Mg(OH)2.
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Fig. S9. Apparent activation energy calculation for N-benzylidenemethanamine 

hydrogenation. Reaction condition: 2 mmol of N-benzylidenemethanamine, 5 mg of 

catalyst, 2 mL of isopropanol, 1 MPa of H2. 

Fig. S10. N-benzylidenemethanamine hydrogenation in the presence of benzylamine 

on (a) Pd/Mg(OH)2 and (b) Pd/C. Reaction condition: 1 mmol of N-

benzylidenemethanamine, 1 mmol of benzylamine, 5 mg of catalyst, 2 mL of 

isopropanol, 30 ℃, 1 MPa of H2.
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Fig. S11. Apparent activation energy calculation for N-benzylidenebenzylamine 

hydrogenation. Reaction condition: 1 mmol of N-benzylidenebenzylamine, 5 mg of 

catalyst, 2 mL of isopropanol, 1 MPa of H2.

Fig. S12. Benzonitrile hydrogenation on (a) fresh Pd/Mg(OH)2 and benzylamine treated 

Pd/Mg(OH)2, and (b) fresh Pd/C and benzylamine treated Pd/C. Reaction condition: 

0.5 mmol of benzonitrile, 2 mL of isopropanol, 20 mg of catalyst, 30 ℃, 1 MPa of H2.

Fig. S13. N 1s spectrum of the fresh and the benzylamine treated supports.
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Fig. S14. FTIR characterization on the fresh and the benzylamine treated supports.
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Table S1. Comparison on performance of benzonitrile hydrogenation in the reported 
literature

No. Catalyst T (℃)，pH2 (bar) Solvent Additive XBN (%) SBA (%) Ref.

1 Pd/C 30 ℃, 6 bar, H2O/dichloromethane NaH2PO4 95.0 95.0 1

2 Raney Ni 100, 40 Methanol None n. a. 76.0 2

3 Sn-Pt/SiO2 60, 4 Ethanol None 100 20 3

4 Pt/Al2O3 100, 15 Methanol
Dibenzyl-

hydrazine
40 40 4

5 Pd/Al2O3 80 ℃, 10 bar, 2-Propanol None 50.0 94.0 5

6 Pd/MCM-41 50, 20 n. a.
CO2 

(10MPa)
90.2 90.9 6

7 Ni/Al2O3 80, 40 H2O, hexane, ethanol
CO2 

(10 MPa)
97.0 94.4 7

8
Co/Phen@-

Al2O3-800
85, 5 i-PrOH NH3 (aq.) 98.0 98.0 8

9 Co@NC-700 110, 10 Methanol NH3 (aq.) n. a. 94.9 (yield) 9

10 Co2P 130, 40 2-Propanol NH3 (aq.) n. a. 93.0 (yield) 10

11
Ni@mSiO2@L

DH
100, 20 H2O None 100 76.1 11

12 Ru3-CO/K-Alu C 70 ℃, 1
Dehydrated 1,4-

dioxane/n-nonane
None >99.0 93.0 12

13 12Cu-MgO
240, H2/Benzontrile = 

7.5
n. a. None 98.0 70.0 13

14

Pd/γ-Al2O3 and 

Pd/

η-Al2O3

90, 15 n. a. None 100 >90.0% 14

15 Pd/Al2O3 80, n.a. n. a. None 60 100 15

16 Pd/Mg(OH)2 30, 10 2-Propanol None 99.2 96.1
This 

work
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GC spectrums

Standard GC spectrum of benzonitrile

Standard GC spectrum of benzylamine
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Standard GC spectrum of Toluene

Standard GC spectrum of dibenzylamine

Standard GC spectrum of N-benzylidenebenzylamine
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Benzonitrile hydrogenation on Pd/Mg(OH)2
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GCMS spectrum

GCMS standard spectrum of benzylamine
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