Electronic Supplementary Material (ESI) for Sustainable Energy & Fuels.
This journal is © The Royal Society of Chemistry 2019

Supporting Information

MOF-derived C@NiO@Ni electrocatalyst for N, conversion to

NH; in alkaline electrolytes

Shijian Luo, Xiaoman Li*, Wanguo Gao, Haiqiang Zhang and

Min Luo*

State Key Laboratory of High-efficiency Utilization of Coal and Green Chemical
Engineering, School of Chemistry and Chemical Engineering, Ningxia University,
Yinchuan, Ningxia, 750021, P.R.China

*Corresponding author: Min Luo  martinluomin@,163.com,

Xiaoman Li  lixm2017@nxu.edu.cn

S1



Content

TG curves and XRD pattern of Ni-MOF...... ..o Fig. S1
XPS spectra of C@NIO@Ni etching 10 nm..........ooooiiiiiiiii e, Fig. S2
XPS spectra of C@ONIO@NIL......ooviriiiiiiiiniieieeteee ettt st Fig. S3
XPS spectra Of CE@ONIO......cccuiiiiieiieieeieeee ettt ettt e be e aeeseesbeebeessseeseessseenseennns Fig. S4
SEM image of Ni-MOF .. ... e, Fig. S5
SEM, TEM, HRTEM 1mages of C@Ni.......cccveriiriieiieiiieiieeie e eteeiee e sveeiee e eneees Fig. S6
SEM, TEM, HRTEM images of C@NIO........ccconiuriiirniieinieiericisieisieiseeiseeieeseeesseiessese s Fig. S7
ED X ALttt s e s et s s e e e s Fig. S8
UV-Vis absorption spectra and Calibration Curve...............cooiiiiiiiiiiiiiii e, Fig. S9
UV-Vis absorption spectra of catalyst at different potentials.......................ooeiiiia. Fig. S10
Chronoamperometry TeSUILS. .. ...ttt e e e e Fig. S11
XRD and Raman pattern of carbon.............ooiiiiiiiiiii e Fig. S12
NRR performance in different electrolytes...............ooooiiiiiii Fig. S13
Controlling  eXperiments 1N Al........etiinientinteitt ettt ettt et ete et eeenreaerenaeanens Fig.
S14

NRR performance using different feeding gases............cooovviiiiiiiiiiiiiiii i, Fig. S15
UV-Vis absorption spectra and Calibration Curve................ooiiiiiiiiiiiiniiiine, Fig. S16
NoHu AEtECHION. ettt Fig. S17
NRR performance of Ni-MOF and carbon paper.............cooieiiiiiiiiiiiiiiiiniiiene. Fig. S18
XRD and SEM of C@NiO@Ni after 24 h NRR..........ooiiiiiiiii e Fig. S19
Arrhenius plot and NRR performance in air.............ooooiiiiiiiiiiiiiiiiiieeee, Fig. S20
0 0] P Fig. S21
Comparison of NRR performance under ambient conditions...................coeeviviieenn.n. Table S1

S2



(b)

Ni-MOF —— Ni-MOF

~~
o
R
[y
—
=}

100

oo o
=] =
1 1

=2
>
1

Weight Loss (%)
3
Intensity (a.u.)

i
=]
1

£y
=}
1

l an o T T

100 200 300 400 500 600 700 800 1]0 ZEO 310 4I0 530 6[0 7I0 8I0
Temperature (°C) 2 Theta (degree)

Fig. S1. (a) Thermogravimetric curve of Ni-MOF (Ni-BTC) in Air and N,. (b) XRD pattern of
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Ni-MOF (Ni-BTC).
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Fig. S2. The Ni 2p;, XPS pattern using Ar particles to etch C@NiO@Ni for 10 nm.
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Fig. S3. XPS C Is spectra for the C@NiO@Ni.
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Fig. S4. XPS Ni 2p;,; (a) and O 1s (b) spectra for the C@NiO.

528

S6



Fig. S5. SEM image of Ni-MOF (Ni-BTC) precursor.
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Fig. S6. (a) SEM image, (b) TEM image and (c) HRTEM image of C@Ni microtubes.
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Fig. S7. (a) SEM image, (b) TEM image and (c) HRTEM image of C@NiO microtubes.
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Fig. S8. (a) EDX of C@Ni. (b) EDX of C@NiO@Ni. (c) EDX of C@NiO.
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Fig. S9. (a) UV-Vis absorption curves of Nessler's reagent assays kept with different
concentrations of NH4" ions. (b) A calibration curve used to estimate the concentrations of NH,*
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Fig. S10. UV-Vis absorption curves of the electrolyte after tests of C@NiO@Ni at different
potentials.
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Fig. S11. Chronoamperometry results of C@NiO@Ni at the corresponding potentials.
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Fig. S12. (a) XRD pattern of carbon (etching NiO and Ni of C@NiO@Ni by HNO3). (b) Raman
pattern of carbon (etching NiO and Ni of C@NiO@Ni by HNO3).
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Fig. S13. NRR performance of C@NiO@Ni in different electrolytes at -0.7 V.
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Fig. S14. NHj; yields and FEs of C@NiO@Ni1 with alternating 1 h cycles between Ar atmosphere

and N, atmosphere, for a total of 4 hours.
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Fig. S15. Comparison of the Faradaic efficiency and NHj; yield of C@NiO@Ni using different

feeding gases for the NRR at -0.7 V.
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Fig. S16. (a) UV-Vis curves of various concentrations of N,H, stained with p-CyH;;NO indicator.

(b) A calibration curve used to estimate the concentrations of N,Hy.
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Fig. S17. UV-Vis absorption spectra of the electrolytes stained with p-CoH;;NO indicator after

NRR electrolysis at different time.
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Fig. S18. Ammonia concentration and FE of C@NiO@Ni/CP, Ni-MOF/CP and CP after 1 h

electrolysis at a potential of —0.7 V under ambient conditions.
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Fig. S19. (a) XRD pattern, (b) SEM image of C@NiO@N!i after 24 h NRR.
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Fig. S20. (a) Arrhenius plot of the NRR rate over C@NiO@Ni1 catalyst at the temperature from
273 to 353 K. (b) NH; yields and FE for C@NiO@N!i at different potentials in Air.
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Fig. S21. EIS plots of C@Ni, C@NiO@N1, C@Ni and commercial Ni in 0.1 M KOH.
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Table S1. Comparison of the electrocatalytic activity of C@NiO@Ni to produce NHj through
NRR with respect to the performances of other previously reported NRR electrocatalysts.

Catalyst Electrolyte NH; yield FE (%) Ref
C@NiO@Ni | 0.1MKOH | 43.15pgh ! mg ', 10.9 This work
Cr-doped CeO, | 0.1 M Na,SO, 16.82ug h™ ! mg! 3.84 1
Bi,MoOg 0.1 M HC1 20.46 pgh ' mg' . 8.17 2
Co;04@NC 0.05SM H,SO, | 42.58 ngh 'mg ., 8.49 3
Fe,O3-CNT KHCO; 0.22 pgh'cm™ 0.15 4
TA-reduced 0.1 M HCI 214 pgh™! mg e 8.11 5
AU/T102
Au nanorods 0.1 M KOH 1.6 ugh'cm™ 3.88 6
a-Au/CeO4-RGO 7
0.1 M HCI 831 pugh™! mg oy 10.1
Rh nanosheet 0.IMKOH | 23.88ugh'mgl, 0.22 8
nanoassemblies
9
Pd/C 0.1 M PBS o 8.2
4.5 pgh™' mg'cat.
Ru/C 2 M KOH 0.21 pgh'cm™ 0.28 10
AuHNCs 0.5 M LiClO, 3.90 pgh™' em? 30.2 11
v-Fe;03 0.1 M KOH 0.212 pgh ' mg ', 1.9 12
nanoparticles
Fe;04/Ti 0.1 M Na,SO,4 | 5.6 x10"" mol s! cm™ 2.6 13
N-doped porous
0.05M H,SO, | 23.8 pgh™! mg ey 1.42 14
carbon
PCN-NV4 0.1MHCI | 8.09pugh!mg'y 11.59 15
N-doped carbon 025M
_ 97.18 ugh™! cm™ 11.56 16
nanospikes LiClO,
Bi,V,0,,/CeO, | 0.1MHCI | 2321 pgh'mg 'y 10.16 17
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Mo nanofilm 0.01 M H,S04 1.89 pgh! em™ 0.72 18
MoS,/CC 0.1 MNa,SO, | 4.94 ug h™! cm2 1.17 19
MoO, 0.IMHCI | 29.43ugh'mgl, 1.9 20
Mo,N 0.1 M HCI 78.4 ug h ! mg 1, 45 21
MoN 0.1 M HC1 3.01x1019mol s! 1.15 22
cm—
Nb,Os 0.IMHC | . 9.26 23
nanofiber 3.5 pgh™ mg e
hollow CI'203 0.1 M Na2804 5.3 - q 6.78 24
microspheres P HER TS et
Mn;0 0.1 M Na,SO 3.0 25
o T L6 pgh T mg
MoS, 0.1MNaSO, [ o 8.34 26
Nanoflower O HEN T ME Ceat
SnO,/CC 0.1 M Na,SOy4 2.17 27
1.47X 10710
mol s™! cm™
bFeOOH  |O.SMLICIO, | o 6.7 28
nanorods O HER T ME eat
Ti0O,—rGO 0.1 M Na,SOq, 3.3 29
15. 1 pgh™' mg™' e
B4C 0.1 M HC1 16.0 30

26.6 pgh™ mg ey
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