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Materials and Methods

Pyrrole, dimethoxymethane, iron(II) chloride, 1,2-dichloroethane, Co(OAc),, and methanol
were purchased from Shanghai Chemical Reagent. Unless otherwise stated, all solvents and
chemicals used were of commercially available analytical grade and used without further
treatment.

Scanning electron microscopy (SEM) images were performed on a SUPERSCAN SSX-550
electron microscope. Transmission electron microscopy (TEM) images were recorded with a
Tecnai G2 F30 S-Twin electron microscope. Energy-dispersive X-ray spectrometry (EDS)
analysis and elemental mapping were obtained on this instrument (accelerated voltage: 20 kV).
The nitrogen sorption isotherms and pore size distribution curves were measured at the liquid
nitrogen temperature (77 K) using a BELSORP-MINI analyzer. XRD patterns were collected
on the Bruker D8 Advance powder diffractometer using Ni-filtered Cu/Ka radiation source at
40 kV and 20 mA, from 5 ° to 90 ° with a scan rate of 2 °/min. Raman analysis was performed
on a PerkinElmer-Raman Station 400F spectrometer equipped with a liquid N, cooled charge-
coupled device detector and a confocal microscope. A 350 mW near-infrared 785 nm laser was
used for analysis under ambient conditions. TGA was performed on a STA409 instrument in
O, at a heating rate of 10 °C/min. Inductively coupled plasma atomic emission spectroscopy
(ICP-AES) analysis for Co loading amount was determined by a Jarrell-Ash 1100 ICP-AES
spectrometer. FT-IR spectra were carried out with a Nicolet 360 FT-IR instrument (KBr discs)
in the 4000-400 cm! region. X-ray photoelectron spectroscopy (XPS) was conducted on a PHI
5000 Versa Probe X-ray photoelectron spectrometer equipped with Al-Ka radiation (1486.6

eV). XAFS spectrum at the Co K-edge (7709 eV) was measured at the BLI4W1 beamline
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station of the Beijing Synchrotron Radiation Facility, China. The Co K-edge XANES data were
recorded in a transmission mode, Co foil was used as a reference. H,-TPR analysis was
measured on a ChemiSorb 2720 TPx chemisorption analyzer. 0.1 g sample was pretreated
under Ar flow (40 mL/min) at 150 °C for 90 min, and then the sample was cooled down to 30
°C in an Ar flow. Afterwards, the temperature programmed reduction process was conducted
in a flow of 10% Hy/Ar (40 mL/min) up to 800 °C at a heating rate of 10 °C/min. 1H NMR
spectra were measured with a Bruker DPX 4 spectrometer at ambient temperature in CDCl;
using TMS as the internal reference. The high-angle annular dark-filed scanning TEM

(HAADF-STEM) images were performed on a Talos F200X instrument.
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Figure S1. FT-IR spectra of HPPY and Co-HPPY.
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Figure S2. SEM images for (A) Co-HPPY and (B) (Co-N)ss@NC.
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Figure S3. TGA curve for (Co-N)¢ s@NC in O,.

Table S1 Chemical composition of N-doped carbon catalysts.

Entry Catalyst Co wt%? C wt%® N wt%?® H wt%P
1 (Co-N)g.78/NC 6.78 61.12 10.77 5.76
2 Co/NCpelf 6.21 72.74 5.60 2.29

a determined by ICP-AES analysis.

b determined by by CHN Elemental analysis
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Figure S4. XRD pattern of Co@NC
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Figure S5. H,-TPR spectra of (Co-N)s s@NC and Co@NCyep. 1.
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Figure S6. Raman spectrum of (Co-N) s@NC washed with 0.5 M HCI.
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Figure S7. Co 2p XPS spectra of Co@C and (Co-N)s s@NC.
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Figure S8. The results of poisoning experiment by adding KSCN into the (Co-N); ;@NC-

containing FA dehydrogenation system.
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Figure S9. The effect of the solvent on the catalytic activity of (Co-N); ;@NC for FA
dehydrogenation.
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Figure S10. Gas chromatogram of the released gas form the decomposition of FA.
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Figure S11. Arrhenius plot of the dehydrogenation of FA over (Co-N); ;@NC.
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Table S2. The transfer hydrogenation of quinoline with FA over (Co-N)¢ s@NC

Entry cl:tl::l(;l;l(tn(:gf) Temp (°C)  Time (h) 521)1[\;] Sel. (%)l
1 30 90 6 85 98
2 30 100 6 96 98.6
3 30 110 6 99 99
4 30 120 6 99 99
5 30 110 1 75 95
6 30 110 2 90 98
7 30 110 3 95 98
8 30 110 4 99 99
9 30 110 5 99 99
10 5 110 4 77 94
11 10 110 4 93 97
12 20 110 4 97 99
13 40 110 4 99 99
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Figure S13. The UV-vis spectra of quinolone adsporption over (Co-N)g s@NC.

Figure S14. (A) TEM image of reused (Co-N)s s@NCand (B) EDS mapping images of Co in

reused (Co-N)gs@NC.
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Table S3. Selected heterogeneous catalysts for the dehydrogenation of formic acid

Gas-
. r tion
Entry Catalyst A;S;g;e Tern)p.(K ](}? 1F)a ’ OIT;EG: ° Ref.
[MLg " metal
h!]
Only noble metal
1 PdAuEW/C 3:1 365 387 S1
2 Ag@Pd - 293 125 S2
3 Pd/C 1.06:0.84 298 64 S3
5:2(FA/NEt;
4 Au/ZrO, ) 323 1590 S4
5 Au@Pd/N-mrGO 298 89 8475 S5
6 PdAg/basic resin 9:1 348 1900 360000 S6
7 Pd/NH,-MIL-125 5:4 305 214 S7
8 Pd/mpg-C;Ny4 1:0 298 144 S8
9 Pd-B/C 11:8 303 11842 S9
10 AgPd/MIL-101 - 353 848 S10
11 AgisPdg@ZIF-8 3:1 353 580 S11
12 Pd/S-1-in-K 1:1 323 3027 S12
13 Au@Schift-SiO, 1:0 323 4368 S13
14 Pd/PDA-rGO 1:1 323 3810 S14
15 Pd/CNy s 1:0 298 5530 S15
16 Pd%CeO, 1:9 303 2040 S16
17 Pd/MSC-30 2:5 333 8414 3840000 S17
18 PdAg/amine-MSC 9:1 348 5638 S18
19 In situ-Pd/MSC 1:1 333 9110 S19
20 Pd@CN900K 1:3 333 14400 S20
S21(our
21 Pd/PW/melem 1:1 323 15393 previous
work)
Mixture of noble and non-noble metal
22 Cog.30AuUg35Pdg 35/C 1:0 298 802 15800 S22
23 PdNi@Pd/GNs-CB 1:1 323 1502 S23
24 Nig40Aug,15Pdg 45/C - 298 122 S24
25 CoAuPd/DNA-rGO - 298 852 30400 S25
26 (Co)sAgo.1Pdy /RGO 1:2.5 323 2739 S26
27 NiPd/NH,-N-rGO - 298 954 S27
Only non-noble metal
28 Co(1)/phen(7)/C - 383 - 193002 S28
29 (Co-N);.,@NC - 393 - 16451 This
work

3 Initial TOF values calculated for the initial stages of the catalytic reactions.
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Analytical Data of the Obtained Compounds
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Figure S15. GC-MS chromatogram of the reaction mixture form the transfer hydrogenation
of quinoline
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Figure S16. Mass Spectra of 1,2,3,4-tetrahydroquinoline
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Figure S17. Mass Spectra of 3,4-dihydroquinoline-1(2H)-carbaldehyde

S-18



NMR Spectra of the Obtained Compounds
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Figure S18. 1H- NMR spectrum of formamide product of 2-benzylquinoline
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'H NMR (400 MHz, CDCls) 6 8.67 (s, 1H), 7.96 (d, /= 8.3 Hz, 1H), 7.87 (d, /= 7.6 Hz, 1H),
7.69 (d, J=8.3 Hz, 1H), 7.57 — 7.45 (m, 2H), 7.35 - 7.26 (m, 1H), 4.11 (brs, 2H), 2.95 (t, J =
6.7 Hz, 2H), 2.16 — 2.04 (m, 2H).

Figure S19. 1H- NMR spectrum of formamide product of 7,8-benzoquinoline
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'H NMR (400 MHz, CDCl5) 6 = 8.35 (s, 1H), 7.81 (s, 1H), 7.21 — 7.12 (m, 1H), 6.97 (d,
J=8.1, 1H), 6.79 (d, J=7.5, 1H), 4.40 — 4.23 (m, 1H), 2.89 — 2.74 (m, 2H), 2.33 (dt, J=14.1,
6.3, 1H), 1.77 (dt, J=12.0, 6.5, 1H), 1.29 (d, 3H).

Figure S20. 1H- NMR spectrum of formamide product of 8-hydroxyquinaldine

S-20



3.80
379
3.77
2.78
2.76
—2.74
1.97
1.96
.94
1.93
1.91

— —867
 Lies
- V6o
/
N\

HO\(I]
N

1.5 1.0 10.5 10.0 9.5 9. 5 8.0 7.5 7.0 5 6.0 5.5 5.0 1
CHO £1 (ppm)

'"H NMR (400 MHz, CDCl5) 6 8.67 (s, 1H), 7.00 (d, /= 8.5 Hz, 1H), 6.70 (d, /= 8.0 Hz, 2H),
3.82-3.75 (m, 2H), 2.76 (t, J = 6.5 Hz, 2H), 2.03 — 1.87 (m, J = 12.6, 6.4 Hz, 2H).
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