
Supporting Information

Accelerated catalytic activity of Pd NPs supported 

on Amine-Rich Silica Hollow Nanospheres for 

Quinoline Hydrogenation

Miao Guo, Can Li * and Qihua Yang*

1

Electronic Supplementary Material (ESI) for Catalysis Science & Technology.
This journal is © The Royal Society of Chemistry 2017



General information

Synthesis of SiO2 hollow nanospheres (HS). The SiO2 HS was prepared with a modified 

mothod according our previous report.1 Typically, 0.16 g of CTAB and 0.5 mL of NH3·H2O 

(25-28%) was dissolved in 50 mL H2O and 10 mL EtOH solution at 50 oC, then 0.16 ml TEOS 

(in 1 mL EtOH) was added to the transparent solution and the mixture was stirred for another 30 

min. After that 0.24 mL of TEOS were added and stirred for 3 min. Then, 0.16 ml of BTME 

(Bis(trimethoxysilyl)ethane) (in 1ml EtOH) was added and the temperature was raised to 80 oC. 

The mixture was stirred at this temperature for 2h. After cooling down to the room temperature, 

the white solid were filtrated and calcinated to remove the CATB and organic moieties in air at 

500 oC.

The calculation by Gaussian software. The structure of quinoline and 1, 2, 3, 4-

tetraquinoline are optimized at the M06-2X level of density functional theory using the def2-

SVP basis set on all atoms (C, H, O, N), incorporating solvation effects via the SMD continuum 

solvation model. NBO analyses are done with NBO version 3.1 implemented in Gaussian 09.
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Figure S1. TEM images of (a) after adding TEOS for 2 min; (b) 50 oC, after adding APTES for 

120 min; (c-f) 80 oC, for 5, 15, 30, 120 min, respectively (scale bar: 50 nm).

In the first stage, porous silica nanospheres with particle size of about 80 nm were formed. 

After the addition of APTES, the particle size of silica NPs increases to 110 nm. After the 

hydrothermal treatment at 80 oC, the nanospheres transform into hollow nanospheres.
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Figure S2. TG analysis of HS-NH2.
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Figure S3. N2 adsorption-desorption isotherm of HS-NH2, Pd/HS-NH2 (1 wt%), Pd/HS-NH2 (5 

%) and Pd/HS-NH2 (15 wt%) (A) and corresponding pore size distribution (B).
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Figure S4. TEM images and particle size distribution of commercial Pd/C (5 wt%) (A) and 

Pd/HS (B) (scale bar: 100 nm).
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Figure S5. FT-IR spectra of (a) HS-NH2 and (b) Pd/HS-NH2 (5 wt%) in the range of 1300-1700 

cm-1.
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Figure S6. XPS spectra of Pd 3d3/2 and 3d5/2 core level for (A) Pd/HS-NH2 (5 wt%), (B) Pd/HS 

(5 wt%) and (C) Pd/C (5 wt%).

404 402 400 398 396

In
te

ns
ity

Binding Energy(eV)

 

 

B

404 402 400 398 396

In
te

ns
ity

Binding Energy (eV)

 

 

A

-NH3
+: 401.1

-NH2: 399.1 
-NH3

+: 401.1 
-NH2: 399.2 

Figure S7. XPS spectra of N 1s core level for (A) Pd/HS-NH2 (5 wt%) and (B) HS-NH2.
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Figure S8. H2 pressure effect of Pd/HS-NH2 (5 wt%) on quinoline hydrogenation. Reaction 

conditions: quinoline 1 mmol, S/C=200, solvent 2mL cyclohexane, reaction time (1 h), reaction 

temperature (50 C).
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Figure S9. Kinetic curves of Pd/HS-NH2 with different metal loading, Pd/C (5 wt%) and Pd/HS 

(5 wt%).
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Figure S10. Plot of TOFCO vs average size of Pd NPs.

Figure S11. Quantum chemical calculations are carried out using Gaussian 09 program suite.2
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10 nm

Figure S12. TEM image of Pd/HS-NH2 (5 wt%) after 6th cycle.

Table S1. Physical parameters and element analysis of supports.

Support BET/m2 g-1 Vt/cm3 g-1 Pore size/nm C (%) H (%) N (%) (mmol g-1)

HS-NH2 301 0.54 2.2 11.30 2.32 5.18 (3.70)

HS 859 0.79 2.1 -- -- --

Pd/C 959 0.6 -- -- -- --

Table S2. Quinoline hydrogenation on Pd/HS-NH2 (5 wt%) with different solvents.

Solvent Conv. (%) Sel. (%)

Cyclohexane 98 >99

Toluene 98 >99

Diethyl ether 99 >99

Dioxane 82 >99

aprotic 
solvent

Tetrahydrofuran 62 >99

Ethanol 59 >99

Isopropanol 75 >99

Water 54 >99

protic 
solvent
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Table S3. Quinoline hydrogenation catalyzed by different noble mental NPs in literatures.

Catalyst / NPs Reaction conditions Sel. (%)
Apparent

TOF (h-1)
Literatures

Pd/ompg-C3N4 1 bar, 50 oC 100 ~ 30 Ref. 3

Pd/ Hydroxyapatite 1 bar, 50 oC 97 25 Ref. 4

Pd/Polymer 1 MPa, 80 oC >99 22.2 Ref. 5

Pd/Polyphenol 2 MPa, 90 oC 100 196.2 Ref. 6

Pd/MgO 4 MPa, 150 oC >99 300 Ref. 7

Pd/HS-NH2 3 MPa, 100 oC >99 5052 This work

Rh/PEG 3 MPa, 100 oC >99 762 Ref. 8

Rh/ILs 3 MPa, 80 oC 100 95% 
(Yield) Ref. 9

Rh/ILs 3 MPa, 50 oC 100 19.2 Ref. 10

Ru-SiO2 3 MPa, 90 oC 100 30.8 Ref. 11

Ru/Montmorillonite 3 MPa, 100 oC 98.5 156.5 Ref. 12

Ru/Hectorite 3 MPa, 100 oC 100 330 Ref. 13

Ru/Poly(4-
vinylpyridine) 3 MPa, 150 oC 92 75 Ref. 14

Au/TiO2 2 MPa, 140 oC 100 104 Ref. 15

Pt/SiO2@RF 1 bar, 25 oC >99 ~ 21 Ref. 16
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