Electronic Supplementary Material (ESI) for Green Chemistry.
This journal is © The Royal Society of Chemistry 2022

Supporting Information

Targeted-regulating the selectivity of cascade synthesis towards

imines/secondary amines by carbon-coated Co-based catalysts

Songtao Huang,i* Zijiang Zhao,* Zhongzhe Wei,**® Mingxuan Wang,® Yi Chen,?

Xiaosa Wang,? Fangjun Shao,? Xing Zhong,? Xiaonian Li ? and Jianguo Wang *2

Anstitute of Industrial Catalysis, College of Chemical Engineering, Zhejiang University
of Technology, Hangzhou 310032, P. R. China.
PSINOPEC Ningbo New Materials Research Institute Company Limited, Ningbo

315207, Zhejiang, China.
*Corresponding Authors.
E-mail: weizhzhe@zjut.edu.cn, jgw@zjut.edu.cn

i These authors have contributed equally.


mailto:weizhzhe@zjut.edu.cn

Figure S2. TEM images of the effect of ethanol, water and ammonia water on the
morphology of SiO, balls and the degree of metal dispersion when the ratio of ethanol,
water and ammonia water was 12.5 : 1.65 : 0.5. a, b) Co/SiO,@CN; c, d) )
PtCo/SiO,@CN.



Figure S3. TEM images of the effect of ethanol, water and ammonia water on the
morphology of SiO; balls and the degree of metal dispersion when the ratio of ethanol,
water and ammonia water was 24 : 80 : 1. a, b, ¢, d) PtCo/SiO,@CN.

Figure S4. a,b,c) Representative TEM images of Pt/SiO,@CN.
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Figure SS5. a,b,c) Representative TEM and HRTEM images of PtCo/Si0,@CN-HCI-
21day and the corresponding EDS elemental mapping of Co and Pt.
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Figure S6. a,b,c) Representative TEM and HRTEM images of PtCo/SiO,-NaBH,4 and
the corresponding EDS elemental mapping of Co and Pt.

Figure S7. a,b,c) Representative HRTEM images of Co/SiO,@CN-Pt and the
corresponding EDS elemental mapping of Co and Pt.
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Figure S8. XRD images of Co/SiO,@CN-Pt, PtCo/SiO,@CN-HCl-21day and
PtCO/SiOz-NaBH4.

Co

2p
CNSID@CH-H . Shake up

|PICorSi0 mCN-NaBH,

Intensity / c.p.s

1Ptcursiu,@BN-Ht:|-1

TICQJ‘SIO!@CH-I-ICT—Z'I

810 800 790 780
Binding energy / eV

Figure S9. Co 2p XPS spectrum images of Co/SiO,@CN-Pt, PtCo/SiO,@CN-HCI-
1day, PtCo/Si0,@CN-HCI-21day and PtCo/SiO,-NaBHy.
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Figure S10. Pt 4f XPS spectrum images of PtCo/Si0,@CN-HCI-1day,
PtCo/SiO,@CN-HCI-21day.
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Figure S11. N 1s XPS spectrum images of Co/SiO,@CN-HCI-1h and Co/Si0,@CN-
HCl-1day.
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Figure S12. N 1s XPS spectrum images of Pt/SiO,@CN, Co/SiO,@CN-Pt,

PtCo/SiO,@CN-HCI-1day and PtCo/SiO,@CN-HCI-21day.
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Figure S13. Activity test of PtCo/SiO,@CN at different temperatures a) room

temperature, b) 50 °C.
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Figure S14. Physical mixed solution of PtCo/Si0,@CN and WO; before and after the
reaction. Reaction conditions:1.02 g mixture catalyst (PtCo/SiO,@CN : WO;3=1:50),
600 r/min, 5 mL solvent, 1 h,1 Mpa H,.
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Figure S15. Physical mixed solution of Pt/Si0,@CN and WOj; before and after the
reaction. Reaction conditions:1.02 g mixture catalyst (PtCo/SiO,@CN : WO;3=1:50),
600 r/min, 5 mL solvent, 1 h,1 Mpa H,.
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Figure S16. Solution of WOj; before and after the reaction. Reaction conditions:1 g
WO3, 600 r/min, 5 mL solvent, 4 h,1 Mpa H,.
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Figure S17. Physical mixed solution of Co/SiO,@CN and WO; before and after the
reaction. Reaction conditions:1.02 g mixture catalyst (Co/SiO,@CN : WO;=1:50), 600
r/min, 5 mL solvent, 4.5 h,1 MPa H,.



Figure S18. a, b, c) Representative TEM and HRTEM images of the used
Co/SiO,@CN.
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Figure S19. a, b, c) Representative TEM and HRTEM images of the used
PtCo/SiO,@CN.
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Figure S20. a, b, ¢) Representative TEM images of the Co/Si0,@CN-HCl-1day.
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Figure S21. Hot filtration experiments of Co/SiO2@CN.
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Figure S22. Effect of Pt in and out of carbon layer on reaction rate. a) hydrogenation
of nitrobenzene, b) hydrogenation of benzaldehyde.
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Figure S23. Pt 4f XPS spectra of PtCo/SiO,@CN before and after NB adsorption.
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Figure S24. Pt 4f XPS spectra of Co/Si0,@CN-Pt before and after NB adsorption.
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Figure S25. FT-IR spectra of PtCo/SiO,@CN after treatment with BA and NB.



v(NO,)

Absorbance

Co/Si0,@CN-Pt

1800 1700 1600 1500 1400 1300
Wavenumber (cm™)

Figure S26. FT-IR spectra of Co/Si0,@CN-Pt after treatment with BA and NB.
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Figure S27. FT-IR spectra of PtCo/SiO,@CN and Co/SiO,@CN-Pt after treatment

with the mixture of BA and NB.



Table S1. ICP testing of each catalyst

Sample Metal loading
Pt (wt.%) Co (Wt.%)
PtCo/SiO,@CN 0.8 8.4
Co/Si0O,@CN-Pt 1.4 10.2
PtCo/Si0,-NaBH,4 1.1 10.8
Co/SiO,@CN / 9.0

P/SiO,@CN 0.8 /




Table S2. Comparison of the catalytic performance of PtCo/SiO,@CN and

Co/Si0,@CNwith other catalytic system in references

T Pre.  TOF[h Selectivity[%]
Entry Catalyst °C]  [MPa 1 Imine Amine Ref.
1 Co/S10,@CN 60 1 64 98.0 This work
2 PtCo/SiO,@CN 60 1 296 100 This work
3 CAT-450 120 2 - 0.7 85.2 [1]
4 Pds/y-AlLO; 80 2 9.2 94.5 [2]
5 CoOx@NC-800 110 5 - 100 [3]
CoS,@MoS,—
6 180-0.75 60 1.5 - 93 3.8 [4]
7 Ni;Sn,/TiO, 150 1 2.2 100 [5]
8 NiCos 90 1 10.0 83 [6]
9 Co/mCN-900 120 1 12.3 0.2 99.8 [7]
10 lfgiAgl@MIL' rt. 02 20.2 3 90 8]
11 AuPd-Fe;04 r.t. 0.1 933 93 [9]
12 GA-Pd r.t 0.1 - 88 [10]
13 Fe,03;/NGr@C 120 5 1.48 89 [11]
100 -
14 CoOx@NCNTs 110 3 8.3 Hydrogenation of [12]
nitrobenzene
15 Co-SiCN 110 5 1.4 82 [13]
86.6 °
16 Ni/C 140 1 6.3 hydrogenation of o- [14]
chloronitrobenzenes
. 100 -
7 NEWCmpe 0 s 28.1 Hydrogenation of [15]
CNx .
nitrobenzene
18 Co/NC-600 170 4 - 99.4 [16]
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