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Table S1. Summary of representative studies on technologies for N2O elimination.

Reaction type

Catalyst

Reaction conduction

Reaction activity

Ref.
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deN20

deN20

deN20

deN20

deN20

deN20

deN20

deN20

deN20

deN20

deN20

(5 wt.%) Ir/ZrO2

Ir/Al2O3

(0.5 Wt.%) I/Ce02-Al203

(5 Wt.%) Ir/TiO2—Al203

(2.6 wt.%) Pd/yAl203

(1 wt.%) Pd/LaCoOs

Rh/CeO2

Rh/CeO2

Aged Rh/CeO2

(5 wt.%) RhOX/ZrO2

Rh/Ce-ZrO2

Rh/CeZrOx

200 ppm N20, 10% O2, N2 balance at
100 cm3-min~" and W/F = 5.0 x 107
g-min-cm™3

1000 ppm N20 balanced with He, total
flow rate of 150 cm™ min', WHSV of
180,000 cm3 g~" h~!

1000 ppm N20 balanced with He,
GHSV of 40000 h™"

30 vol.% N20 in Ar, GHSV of 30, 000 ml
h™ gcat_1

1% N20 balanced with He, total flow
rate of 100 mL min', GHSV of 76 690
h—1

1000 ppm N20 balanced with He, total
flow rate of 15 L h'', GHSV of 10 000
h—‘l

200 ppm N20, 5% COz2 balanced with
Ar, WHSV of 100000 mL g* h-"

200 ppm N20 balanced with N2, GHSV
of 30 000 h™*

200 ppm N20 balanced with N2, WHSV
of 250,000 cmég* h'

1000 ppm N20, 10% O2, 2% H20
balanced with He, total flow rate of 100
mL min~?

500 ppm N20 in N2, GHSV = 45000 h-'

2200 ppm N20 balanced with He, total

Ts0 =329 °C

T100 = 480 °C

T100 = 600 °C

T100 = 350 °C

rnv2o = 10.3 molnzo h-1 kgeat™' at
550 °C

Tso =433 °C
T100 = 450 °C

98% N20 conversion at 400
°C

92% N20 conversion at 400
°C

rnvzo = 2.40 mmol g™ h' at 350
°C

66.1% N20 conversion at 225
°C

T100 = 300 °C

T100 = 450 °C
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Ru/Al203

RhOx/Ag/Al203

(1 wt.%) Rh/Zn—-Al203-800

(1 wt.%)
Rh/La10Sis-xFex027-5

(3.1 wt.%) RhOx/Ca—P-0O

(1 wt.%) Rh/AI-KIT-6

Rh/Mg/Al

Fe@Rh/ SBA-15

Au/Fe203

RuO2

Ru/Al203

(1 wt.%) RuOx/Ca-P-0O

RuO2/r-TiO2

Ag/Yb203

flow rate of 10 L h™?
500 ppm N20, GHSV of 11000 h™'

0.1% N20 balanced with He, total flow
rate of 100 mL min~!

0.5% N20 balanced with He, total flow
rate of 60 mL min"*

0.5 vol.% N20 balanced with He

0.5 vol.% N20 balanced with He, flow
rate of 60 mL min"*
1700 ppm N20 balanced with He, flow

rate of 100 mL min-', GHSV = 26500 h-
1

1000 ppm N20 balanced with Nz,
GHSV of 6800 h™"

10% N20, GHSV =5625 h™'

1000 ppm N20 balanced with He, total
gas flow rate of 150 cm3 min!, GHSV =
40 000 h™1

1.5 mbar N20 in He, total gas flow of 50
ml STP min~?

500 ppm N20, GHSV of 11 000 h™"

0.5 vol.% N20 balanced with He, total
gas flow rate of 60 mL min"

30 vol.% N20 balanced with Ar, WHSV
=30 000 mL geat" h"

1400 ppm N20, 900 ppm NO, total gas
flow rate of 4—6 Ndm?3 h-"

T100 =450 °C

T100 = 400 °C

Tso =251 °C

T100 = 600 °C

T100 = 300 °C

Tso =350 °C, Tgo = 375 °C

T100 = 400°C

T100 = 400°C

rnzo = 185 nmol m2 s
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Pt-K/SiO2

Pt1/MgAl12Fe0.sO4

Co0304

Co0304

Co0304

Co0304

Co0304

Co0304

Co0304

Co0304

3.0F-Co0304

N-Co0304

Pro.06-Doped Co304

Na-Co304

2000 ppm of N20 balanced with He,,
GHSV = 15 000 h™!

1000 ppm N20 balanced with Ar, total
gas flow rate of 33.3 mL min™"

5% N20 in He, total flow rate of 30 mL
min™!

5% N20 in He, total flow rate of 30 mL
min™!

5% N20 in He, total flow rate of 30 mL
min™!

0.1 mol % N20 in N2, total flow rate of
100 mL min-', WHSV =60 m3 kg™* h"

1000 ppm N20 balanced with Ar, total
flow rate of 50 mL min-', GHSV = 10000
h-‘l

0.65 vol % N20, 0.88 vol % O2, and
N2 balance, GHSV of 55,000 h-*

1000 ppm N20 balanced with Ar, GHSV
= 10000 h™'!

1000 ppm N20 balanced with Ar, GHSV
= 10000 h™'!

2000 ppmv N20/Ar (with 5 vol

% Oz2, 100 ppmv NO and 2 vol% H20),
GHSV = 20,000 h™*

1000 ppm N20 in Ar, total flow rate of
50 mL min-', GHSV = 10000 h-'

2000 ppm N20, GHSV = 60 000
mL.g—1.h—1

0.65 vol % N20, 0.88 vol % O3, and

71% N20 conversion at 600
°C

T100 = 600 °C

Tso = 320 °C

Tso = 375 °C

Ts0 = 360 °C

80% N20 conversion at 450
°C

Tso0 = 460 °C, Teo = 520 °C

T10=378°C, Too = 533 °C

Tso =310 °C, T100 = 380 °C

T100 = 400 °C

Teo = 371 °C no impurity gas;
Too =433 °C

Tso =320 °C, Tgo = 360 °C
Tso =320 °C, Tgo = 367 °C

T10=322°C
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K/C0304

Cs/C0304

Gdo.06Co

Sm-Co304

Alkaline-earth
metal-modified Ao.5C02.504

Ko.01Bi0.02Co

Sn02-Co304

NiO

NiO

Gd/NiO

Bio.1NiO1.15

Cdo.0sNi

Smo.osNi

8% Ni/CeO2-NR

N2 balance, GHSV = 55,000 h™'!

500 ppm N20 in N2, GHSV = 45000 h-'

1000 ppm N20, 3% O:2 balanced with
N2, total flow rate of 100 mL min™,
GHSV = 30000 h!

2000 ppmv N20 in Ar, total flow rate of
50 mL min-', GHSV = 20000 h*!

1000 ppm N20 in N2, total flow rate of
100 mL min-!, GHSV = 60000 h*!

0.65% N20, 0.88% O2 in N2, total flow
rate of 80 mL min', GHSV = 55000 h"!

2000 ppm N20 in Ar, GHSV = 20000 h
1

1000 ppm N20 balanced with Ar, GHSV
= 10000 h™'!

2000 ppm N20 balanced with He, total
flow rate of 200 cm?® min!, GHSV =
105000 h-*

500 ppm N20 in He, total flow rate of
200 mL min-', W/F value of 0.15 g s cm-
3

500 ppm N20 in He, total flow rate of
200 mL min-', W/F value of 0.15 g s cm-
3

200 ppm N20, 1% O:2 balanced with N2,
total flow rate of 3.1 L min~!, GHSV =
45000 h!

1000 ppm N20, % Oz balanced with N2,
GHSV= 30000 h™"

2000 ppmv N20, 5 vol.% Oz, 100 ppmv
NO, 5 vol.% H20 balanced with Ar, total
flow rate of 50 mL min-!', GHSV = 20000
h—1

2% N20 in He, GHSV =19 000 h™!

T100 = 360 °C

More than 90% N20
conversion at 300 °C

T100 < 350 °C

Too= 375 °C

T1io = 378 °C, Teo = 533 °C
(Cos0a4);

Too = 460 °C (A = Ba);

55% N20 conversion at 200
°C

T100 = 360 °C

Tso =392 °C, Tgo = 467 °C

Tso = 409 °C, 70% N20
conversion at 500 °C

Tso = 333 °C,
T100 = 500 °C

Tso =328 °C, Tgo = 385 °C

Too = 350 °C

T100 = 400 °C (when only 5
vol.% H20);

76 % N20 conversion at
400 °C

Tso = 350 °C
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deN20
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NiO@CeO2-HPOC

NiO@CeO2-HPOC

NiO/CeO2-C

NiO/Ce02-C

Cu/Si-Al hollow sphere

(10 wt.%) Fe/Al203

Mn203

C0304/m-ZrO2

C0304/m-ZrO2

C0304/m-ZrO2

C0304/m-ZrO2

Bao2CeosCu

Bao2CeosCu

Cu/CeosYos

Zr02-Y203

2% N20 in He, GHSV = 19 000 h™*

2% N20, 2% O2 in He, GHSV = 19 000
h—1

2% N20 in He, GHSV =19 000 h™*

2% N20, 2% Oz in He, GHSV = 19 000
h-t

0.5% N20 in Ar, total flow rate of 50 mL
min™!

1000 ppm N20 in He, total flow rate of
60 cm3 min-!

Pn2o = 0.066 atm, total flow rate of 30
mL min', GHSV = 2000 h™!

1000 ppm N20 in Ar, total flow rate of
50 mL min-!, GHSV = 10000 h™"

1000 ppm N20, 3% Oz2 in Ar, total flow
rate of 50 mL min~', GHSV = 10000 h™"

1000 ppm N20, 3.3% H20 in Ar, total
flow rate of 50 mL min-!', GHSV = 10000
h—1

1000 ppm N20, 200 ppm NO in Ar, total
flow rate of 50 mL min-!, GHSV = 10000
h—‘l

2000 ppmv N20O in Ar, total flow rate of
50 mL min-1, GHSV = 20000 h"*

2000 ppmv N20, 1000 ppmv NO in Ar,
total flow rate of 50 mL min-1, GHSV =
20000 h!

450 ppm N20 in N2, total flow rate of
500 mL min-!

0.5 vol.% N20 in He, total flow rate of

Too =400 °C

T100 = 450 °C

Too =475 °C

T100 > 500 °C

> 80% N20 conversion at 400
°C

T100 = 650 °C

m2o = 4.8 * 10 mol min™! s
m2 at 350 °C

Nearly 80% N20 conversion at
400 °C

62% N20 conversion at 400
°C
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°C
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°C
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CuO-Co0304

Y203-C0304

(Yb1-xCox)203-5

K/Y203-C0304

PrBaCoOs3

Co0304/Ce02

CoCeo.05

Ce-Co-O

K/Co-CeO2

K/C0304—CeO2

Cs/C0304—CeO02

NiO-CeO2

CuO/Ce02

660 mL min”', weight/gas flow rate
(W/F) ratio of 0.2 g s mL""

1000 ppm N20 balanced with Nz, total
flow rate of 100 mL min~', GHSV of 60
000cmé g™ h

1000 ppm N20 balanced with Ar, GHSV
of 10000 h’

5000 ppm N20 balanced with He, total
flow rate of 60 mL min', weight/gas
flow rate (W/F) ratio of 0.2 g s mL™’
1000 ppm N20 balanced with Ar, total
flow rate of 150 mL min', GHSV =
12700

cmi g h-'

1% N20 in He, total flow rate of 100 mL
min-!, GHSV = 38 000 h""

1000 ppm N20, total flow rate of 150
cm™ min-', GHSV = 40000 h™'

1000 ppm N20 in Ar, flow rate of 150
cm min™', space velocity of 0.2 g s cm-
3

1000 ppm N20 in He, total flow rate of
300 mL min~', GHSV = 80000 h-"!

500 ppm N20 in N2, GHSV of 45000 h-
1

1000 ppm N20 in Ar, flow rate of 150
cm? min', space velocity of 0.2 g s cm-
3

1000 ppm N20 in Ar, flow rate of 150
cm min!, space velocity of 0.2 g s cm-
3

2000 ppm N20 balanced with He, total
flow rate of 200 cm® min', GHSV of
105000 h-*

2500 ppm N20O in Ar, total flow rate of
100 mL min-', WHSV of 120 L geat™! h™'

T100 = 375 °C

T100 = 360 °C

T100 = 500 °C

T100 = 350 °C

Ts0 =410 °C

T100 = 500 °C

T100= 275 °C

Tso = 304 °C, Too = 359 °C

T100 = 375 °C

T100 = 280 °C

T100 = 300 °C

Tso = 367 °C, Too = 424 °C

Ts0 =420 °C

J. Asian Ceram. Soc., 2019, 7, 518-523.

S. Xiong, J. Chen, N. Huang, S. Yang, Y.
Peng and J. Li, Environ. Sci. Technol.,
2019, 53, 10379-10386.

Y. Wang, K. Zheng, X. Hu, W. Zhou, X.
Wei and Y. Zhao, Mol. Catal., 2019, 470,
104-111.

C.-M. Cho, N. Nunotani and N. Imanaka,
Bull. Chem. Soc. Jpn., 2019, 92, 1148-
1153.

T. Zhao, Y. Li, Q. Gao, Z. Liu and X. Xu,
Catal. Commun., 2020, 137, 105948.

N. Richards, J. H. Carter, L. A. Parker, S.
Pattisson, D. G. Hewes, D. J. Morgan, T.
E. Davies, N. F. Dummer, S. Golunski and
G. J. Hutchings, ACS Catal., 2020, 10,
5430-5442.

M. Lykaki, E. Papista, N. Kaklidis, S.
Carabineiro and M. Konsolakis,
Catalysts, 2019, 9, 233.

L. Xue, C. Zhang, H. He and Y. Teraoka,
Appl. Catal., B-Environ., 2007, 75, 167-
174.

Y. You, H. Chang, L. Ma, L. Guo, X. Qin,
J. Liand J. Li, Chem. Eng. J., 2018, 347,
184-192.

M.-J. Kim, S.-J. Lee, |.-S. Ryu, M.-W.
Jeon, S.-H. Moon, H.-S. Roh and S. G.
Jeon, Mol. Catal., 2017, 442, 202-207.

L. Xue, C. Zhang, H. He and Y. Teraoka,
Catal. Today, 2007, 126, 449-455.

L. Xue, H. He, C. Liu, C. Zhang and B.
Zhang, Environ. Sci. Technol., 2009, 43,
890-895.

Z. Liu, Z. Zhou, F. He, B. Chen, Y. Zhao
and Q. Xu, Catal. Today, 2017, 293-294,
56-60.

M. Zabilskiy, I. Aréon, P. Djinovi¢, E.
Tchernychova and A. Pintar,



deN20

deN20

deN20

deN20

deN20

deN20

deN20

deN20

deN20

deN20

deN20

deN20

deN20

deN20

Co0304/70Mg30Al

K or Cs doped
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5% N20 in He, GHSV of 7000 h™*

12 vol.% N20, 16.8 vol.% O2 in N2, total
flow rate of 120 mL min', GHSV of
7200 h!

8.1 vol.% N20, 10.2 vol.% O2in N2, total
flow rate of 1200 mL min”', GHSV =
1200 h!

500 ppm N:20, total flow rate of 200 cm-
3 min™!
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K doped Co—Mn—Al mixed
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Co—Mn-Al mixed oxide

Co304 on open-cell metallic
foam

CosMnAIOX/SiC-s.m

Co0304-Cs on an open-cell
foam
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ceramic open-cell foams

Co-Cs/MgOc/Al203
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Al2QOs|cordierite

NiCoAl/SiC

Fe-BEA monolith catalysts

Fe/ZSM-5

Fe-ZSM-5

Fe-ZSM-5

Fe/ZSM-5

Fe-ZSM-5

Fe-ZSM-5

Co/Beta

Fe-beta

Co-ZSM-5

Cu/ZSM-5

CuZSM-5
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h—‘l
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H2-SCR

H2-SCR

Fe-FER

Fe-FER

Fe/CHA

Fe-FAU

Fe-PST-7(HS)

Ru + Co/US-Y

Mg—Al-Fe—LDHs

Co/CoOx@Carbon

Co/nHAP
Co304BaCOs
C0304/CaCOs
Co304/g-CN

RuOx/HAP

Ni-Pt/SiO2

RuO2

1000 ppm N20, 0.5% NO, 2% O2, 10%
H20 and He, GHSV = 3.5 x 10° h"'

1000 ppm N20, 0.5% NO, 2% O2 and
10% H20 in He, GHSV = 3.5 x 10% h”’
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CO-SCR
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NH3-SCR

NH3-SCR

NH3-SCR

NH3-SCR

NH3-SCR

NH3-SCR

Fe(97)-BEA

0.2 wt% Rh/AI203

Co—-Pd-Al (1/0.1/1) htlc

Fe-ZSM-5

Co—Mn-Al spinel

0.5 wt% Rh/SiO2

Synthetic coal char M6

Pt-C0304/CeO2 (10:10%)

Fe-Z-pH2 (Fe-ZSM-5 ion-
exchanged under pH of 2)

RuO2

Cu/SSM

Rh-FAU

Fe(49)-BEA

Fe-MOR

Fe-MOR

0.2% N20, 0.2% CO, 3% Oz, ramp =10
K/min-', GHSV = 35000 h'

CO and N20of 5x1072 atm and a space
velocity of 25,000 h™"
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NH3-SCR

NH3-SCR

NH3-SCR

HCs-SCR

HCs-SCR

HCs-SCR

HCs-SCR

HCs-SCR

HCs-SCR

Fe-BEA

Fe(97)BEAe

Fe(100)-FER

Fe(0.24)-MFI

Fe/Beta (0.63 wt%)

Fe-beta catalyst

1% Fe-SSZ-13

(10 wt.%) Fe/Al203

Fe-ZSM-5 supported on
ceramic monoliths

The hydrotalcite-derived
Mg-Cr-Fe-O catalysts

Fe-silicalite

FeZSM-5 (Si/Al = 31.3 and
0.67 wt% Fe)

Co-MOR-104

N20O/NH3/O2/He = 0.2/0.2/3/99.6, space
velocity = 35000 h™"

N20/O2/NHs/He (0.2/3.0/0.2/96.6),
VVH=35,000 h™"
N20/O2/NHs/He (0.2/3.0/0.2/96.6),

GHSV: 35000 h™!

N20 (1000 ppm), NHs (670 ppm),
balanced with He, 100 mg catalyst, total
flow rate: 0.41 g h/mol

540 ppm of N20, 360 ppm NHs and
2.5% H20 balanced with N2, GHSV =
200,000 h*'!

1670 ppm of NHs, 1000 ppm of N20,
3% Oz2, balanced with N2, 0.15 g of
catalysts, and a total flow rate of 100
mL min™!

500 ppm NHs, 1000 ppm N20, 5% H20,
balanced with N2 at a GHSV of 20,000
h—1

1000 ppm N20, 1000 ppm CHa in He,
total flow rate of 60 cm= min™'!

500 ppmv N20, 500 ppmv hydrocarbon,
N2 balance, GHSV = 12000 h~!

0.8 vol% N20 and the N2O/EB molar
ratio of 1:1), GHSV = 22000 h™*

Mixtures of N20: Xe = 1:1 (pump) and
CHa4:Ne = 1:1 (probe)

Conditions: the mixtures contain 1.5
mbar of N20, 0.93 mbar of CH4, or 0.44
- 0.57 mbar of one of the other
hydrocarbons, and 20 mbar of O2, the
balance is He, P = 1 bar and GHSV =
60 000 h-"

N20:CH4:02 (4000:4000:20000 ppm),
GHSV = 15000 h™', He as balance

More than 80% N20
conversion at 427 °C

Ts0 =380 °C

More than 90% N20
conversion at 457 °C

T100 = 400 °C

More than 70% N20
conversion at 400 °C

Too =400 °C

Too =400 °C

T100 = 500 °C

Too = 382 °C (methane), Too =
400 °C (propane), Too =478 °C
(propene)

Tso =450 °C, Tgo = 500 °C

More than 60% N20
conversion at 450 °C

Tso = 340 °C (CHa), Tso = 332
°C (Cz2Hs), Tso =337 °C (CsHs),
Tso = 342 °C (C2H4), Tso = 352
°C (C2H2), Tso = 362 °C (CsH4)

More than 80% N20
conversion at 500 °C
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HCs-SCR

HCs-SCR

HCs-SCR

HCs-SCR

HCs-SCR

Photocatalytic
decomposition

Photocatalytic
decomposition

Photocatalytic
decomposition

Photocatalytic
decomposition

Photocatalytic
decomposition

Photocatalytic
decomposition

CoOx supported on ZrOz

CoOx/ZrOz2

Fe-MOR-64

Pt,Pd,Rh/Al203-ZrO2

CuFeOx thin-film catalysts

g-CsN4

BiVO4

BiVO4

Bi2WOQe

g-CsN4/BiVOas

TiO2/C3Na

N20:CsHs:02 = 4000:2000:20000 ppm
(v/v), GHSV = 24000, He as balance

4000 ppm N20, 2000 ppm CsHs, 2000
ppm Og2, total flow rate of 50
cm3ste/min~!, GHSV = 24000 h"

4000 ppm for N2O and CH4 and 20000
ppm for O2, GHSV = 15000 h', He as
balance
[N20] = [CHa4] = 4000 ppm, [O2] = 20000
ppm, GHSV = 12000 NL kg h', He as
balance

1% N20, 1% CHa in Ar as the balanced
gas, GHSV = 185000 mL/(g h)

Reactor filled with the N2O/He mixture
(1020 ppm) and illuminated by an 8 W
Hg lamp with a maximum light intensity
at 254 nm

3 vol.% 02, 0.68 vol.% N20 and
balance Ar, and the catalyst used is
0.20 g; under UVA (A = 365 nm)
irradiation with Xenon lamp at ambient
temperature

680 ppm of N20, 3 vol % Oz, and
balance Ar, under the visible light
irradiation (A > 420 nm)

680 ppm of N20, 3 vol % O, and
balance Ar, under the visible light
irradiation (A > 420 nm)

Reactor filled with the N2O/He mixture
(1050 ppm) and P = 1.5 bar, 8 W Hg
lamp under UVA irradiation (A = 365
nm)

The reactor was filled with a N2O/He
mixture (968 ppm) and irradiated by an
8 W Hg lamp (A = 254 nm; intensity =

More than 80% N20
conversion at 500 °C

About 80% N20 conversion at
750 K

More than 95% N20
conversion at 377 °C

More than 90% N20
conversion at 500 °C

80% N20
490 °C

conversion at

About 43 % N20 conversion
after 14 h

26.7% N20 conversion after
12h

27.1% N20 conversion after
12h

12.8% N20 conversion after
12 h

About 15 % N20 conversion
after 22 h

57% N20 conversion after 16
h
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Photocatalytic
decomposition

Photocatalytic
decomposition

Photocatalytic
decomposition

Photocatalytic
decomposition

Photocatalytic
decomposition

Photocatalytic
decomposition

Combined plasma
catalysis

Combined plasma
catalysis

Combined plasma
catalysis
Microwave-assisted
experimental

Electrochemical
reduction

Nanobelt-like Bi2MoOs

TiO2/g-C3sNa

g-C3N4/BiOIO3

g-CaN4/WO3

Ag-TiO2

Ce/TiO2

y-Al203

RhFe/HAP-11

Ruly-Al203

NiCoAl/SiC

Working electrode: Ir (100)
(110) (111)

0.5 mW/cm?)

N20 = 0.68 vol. %, O2 = 3 vol. %, Ar
balance, under UVA irradiation (A=365
nm)

N20/He mixture (1020 ppm), under
UVC (A= 254 nm) and UVA (A= 365 nm)
irradiation

N20/He mixture (1050 ppm) and P =
1.5 bar, under UVA irradiation (A = 365
nm)

998 ppm N20 in He and P = 1.6 bar,
under UVA irradiation at A = 365 nm

990 ppm N20/He mixture (volume 756
cmd, pressure 110 kPa), 8 W Hg lamp
with a peak light intensity at 254 nm

968 ppm N20/He mixture (volume 182
mL, pressure 110 kPa), 8 W Hg lamp
with a peak light intensity at 254 nm

300 ppm N20 in N2 at a rate of 100 mL
min’!, plasma voltage (12 — 22 kV)

10 vol.% N20-He at a rate of 30 mL min-
1, plasma current (0.2 mA) and plasma
voltage (20 kV)

450 ppm N20, 10% Ozat arate of 1 L
min-', plasma voltage 25.6 kV

20 vol.% N20 in Ar, WHSV =5 h' or 20
h-', microwave heating

1) Electrolyte: 0.1 M HCIOg;
2) N20 saturated solution

21.7% N20 conversion after
12 h

More than 60% N20
conversion after 14 h (A = 254
nm);

more than  60% N20

conversion after 18 h (A = 365
nm);

About 14 % N20 conversion
after 22 h

About 15 % N20 conversion
after 20 h

77% N20 conversion after 24
h

About 85 % N20 conversion
after 18 h

T100 = 600 °C in deN20;
above 90%

95.9% N20 conversion at 350
°C in deN20;

90% N20 conversion at 200
°C

Above 70% N20 conversion at
300 °C

T100 = 420 °C (20 h™');
T100=340°C (5h™")

1) Ir (110): ~0.75 mA cm2 (0.1

VRHE);
2) Ir (111): ~0.85 mA cm2 (0.1
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reduction
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Electrochemical
reduction

Electrochemical
reduction

Electrochemical
reduction

Electrochemical
reduction

Electrochemical

reduction

Electrochemical
reduction

Cathode: Metal wire (Zn,
Pb, Fe, Cu) wound around a
polyelectrolyte-coated
porous glass tube

Working electrode: OsPtCls
film deposited on glassy
carbon electrode

Cathode: Cone-shaped
electrodes of La1-xSrxFeOs3
perovskites

Homogeneous catalyst: 15
UM CoMb;

Working electrode: Carbon
cloth electrode

Working electrode: Porous
In/Cu foam electrode

Working electrode:
PdsoCu40 Catalyst coated
on glassy carbon electrode

Working electeode: Au@Pd
Core shell structure catalyst
coated on RED

Homogeneous catalyst: 0.5
mM Re(bpy)(CO)sCl;
Working electrode: RED

Cathode: High surface area
metallic Cu electrode

Working electrode: Pt/Pd
deposited on fluorine-doped

1) Electrolyte: 5% Nafion® 117 solution;
2) 17.7 mmol N20, 3-13 mL min™;
Electrolysis time=6-8 h; Applied current
density=1.4-12.8 mA cm2

1) Electrolyte: 0.1 M KCI and 0.01 M
H2POy4;

2) N20 mixed with N2, the percentage
of N20=0, 30, 70, 100

1) Electrolyte: Yttria Stabilized Zirconia;
2) 1% N20 in Ar (20 mL min’),
Temperature: 350, 400 and 450°C

1) Electrolyte: 80 mL of 50 mM
phosphate buffer with CoMb (15 uM)
and methyl viologen (2 mM);

2) 9 mL "“N-N20 (100%) and 6 mL ">N—
N20 (100%) added into the headspace
of the electrochemical cell; Electrolysis
time=20 min

1) Electrolyte: 0.5 M NaOH;

2) N20 saturated electrolyte solution
and continued purging; Electrolysis
time=5 h

1) Electrolyte: 0.2 M KOH and 0.3 M
K2S0yq;

2) N20 saturated electrolyte solution
and continued purging

1) Electrolyte: 0.3 M KOH and 0.2 M
K2SOg4;

2) N20 saturated electrolyte solution
and continued purging

1) Electrolyte: CH3CN/H20=90/10;

2) N20 saturated electrolyte solution
and continued purging; Electrolysis
time=90 min

1) Electrolyte: 0.1 M KOH;
2) Cathode gas=N20 or Ar; Anode
gas=Ar (20 mL min™")

1) Electrolyte: 0.1 M HCIOg;
2) N20 saturated solution

VRHE)

Max N20 reduction efficiency
(6 h, 8 mL min"'): Zn: 99.3%
(12.8 mA cm?); Pb: 98.8%
(12.8 mA cm?); Fe: 95.7%
(12.8 mA cm?); Cu: 93.0%
(7.1 mAcm3)

Onset potential=0.67 VrHE

0.023 mA cm? (04 Vg,
400 °C)

1) Total N2: 11.3 to 19.6 pmol;
2) "5N-N2: 41 to 72 nmol;

3) The ratio of >N-N2 to "“N—
N2: 1.57 x 1075 to 3.42 x 107

1) 25 mA cm? (-0.75 VRHE);
2) ~100% N2 Faradaic
efficiency

1) 6.0 mA cm (0.04 VRrHE);
2) Tafel slope=0.096 V dec™

1) 0.472 mA cm2 (-0.3 Vsce);
2) Tafel slope=0.105 V dec™;
3) Current density decreased
16% after 1000 cycles

1) 7.5 mAcm?2 (-1.72 Vsce);
2) Max N2 percentage
obtained=29.5%

1) 10.0 mA cm2 (-0.2 VRrHE);
2) N2 Faradaic
efficiency=83.3%;

3) Tafel slope=0.124 V dec"’!
—0.25+0.04 mA cm? (0.16
VRHE)
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Electrochemical
reduction

tin oxide (FTO) electrode

Working electrode:
Lao.6Sro.4Coo.2Fe0.803-5
(LSCF)

Homogeneous
[Re(bpy)(CO)sX]™
(X=CH3CN, CI',n=0or 1);
Working electrode: RED

catalyst:

Cathode: Sr2Fe1.5Mo00.506-5
(SFMO)

Homogeneous catalyst:
Iron tetraphenylporphyrin
(FeTPP);

Working electrode: Carbon
fabric

Working electrode:

Polycrystalline Cu

Working electrode: Cu foil

Cathode: silver solid
amalgam electrode
(AgSAE)

Working electrode:

polycrystalline Pt and Pd

1) Electrolyte: 8YSzZ
((ZrO2)0.92(Y203)0.08) substrate;

2) >99.5% purity of N20O with N2 <0.4%
(50 mL min'); Temperature: 600, 700
and 800°C; Current: -0.10 Aand -0.25 A
1) Electrolyte: CH3CN+0.1 M n-
NBu4PFs;

2) CHsCN solution of saturated N20,
1.5 mM N20; Constant potential=-1.22
V; Electrolysis time=4 h

1) Electrolyte: 8YSZ substrate;

2) >99.5% purity of N20O with N2 <0.4%
(50 mL min'); Temperature: 600, 700
and 800°C; Current: -0.10 Aand -0.25A
(50 mL min™")

1) Electrolyte: 1 mM FeTPPCI and 0.1
M n-BusNPF4 in tetrahydrofuran (THF)
solution with 20 equivalents of water;
2) N20 saturated solution; Applied
potential=-2.3 V vs Fe(CsHs)?*;
Electrolysis time=2.2 h

1) Electrolyte: 0.3 M K2SO4 or Na2S0Oyg;
2) N20-saturated electrolyte solution
and continued purging

1) Electrolyte: 75 vol%
methylimidazolium  tetrafluoroborate
(BMIM][BF4])  ionic  liquid and
propylene carbonate (PC) organic
solvent or 0.3 M K2SOy;

2) N20-saturated electrolyte solution
and continued purging; -2.27 V (vs.
Fc/Fc*) in [BMIM][BF4]}/PC and -1.3
Vsce

1) Electrolyte: Anolyte: 5 M H2SOs;
Catholyte: 0.05 M Ni(II)CN4+% and 9 M
KOH;

2) 20 ppm N20 by Ar diluted gas (1 L
min'); Current density=25 mA cm?;
Constant electrolysis time=6 h

1) Electrolyte: 0.1 M NaOH or 0.1 M
NaOH and 0.5 M or 1 M CH3OH;

1-butyl-3-

1) Faradaic Efficiency=8.95;

2) Conversion
increment=13.15 (-0.25 A,
600°C)

N2 Faradaic efficiency=90%

1) Faradaic Efficiency=3.94;
2) Conversion increment=5.01
(-0.25 A, 600°C)

1) Average Faradaic yield:
100.1% (Standard deviation of
4.7%);

2) Reaction rate=12.6 s

1) K2SO4: -43.75 mA cm?;
2) Na2S0s4: -33 mA cm™; (-1.4
VscE)

1) N2 Faradaic efficiency:
90.9% in [BMIM][BF4])/PC,
41.0% in K2SO4;

2) Current efficiency variation
within 1800 s: remain over
95% in [BMIM][BF4)/PC and
decreased from 83.9% to
49.6% in K2SO4

N20 removal
efficiency=99.8%

Tafel slope: Pt=0.111 + 0.019
V dec, Pd=0.084 + 0.007 V
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electrodes

Cathode: Cu;
Scrubbing electrocatalyst:

Ni( I )TSPc

Cathode: Metal catalysts
(Depositing Fe, Co, Ni, Cu,
Pd, Ag, Pt particles onto gas
diffusion layer)

Anode:
Pro.6Sro.4Feo0.sNbo.1Cuo.103-5
Cathode:
Lao.eSro4Coo.2Fe0.803-5

2) N20 saturated electrolyte solution
and continued purging; Temperature:
295 K and 333 K; Electrode rotation
speed 0-3600 rpm

1) Electrolyte: Anolyte: 1 M H2SOg4,
Catholyte: 1 M KOH with 1 mM

Ni(II)TSPc;
2) 5-30 ppm N20 by Ar diluted gas; 30
mA cm2; Reaction period: 5-20 min

1) Electrolyte: 0.1 M NaOH and 0.9 M
NaClOg;

2) Gas-fed three-compartment flow
cell; N20O flow (10 mL min™")

N20 flow (80 mL min)

dec’ (0.1 M NaOH, 295 K;
1600 rpm, 0.01 V s™)

N20 removal efficiency: 100%
(5 ppm N20), 90% (10 ppm),
65% (20 ppm), 45% (30 ppm)

N2 Faradaic efficiency: Co:
91.4% (-0.19 Vrue); Cu:
91.7% (-0.31 VrHEe); Ag: 94.3%
(-0.37 VRHE)

1) N20 conversion
efficiency=19.0%;
2) Ethane conversion

efficiency=45.2%;
3) Ethylene selectivity=92.5%

Acta, 2011, 56, 5238-5244.

P. Silambarasan and I. S. Moon, Environ.
Res., 2022, 204, 111912.

B. H. Ko, B. Hasa, H. Shin, Y. Zhao and
F. Jiao, J. Am. Chem. Soc., 2022, 144,
1258-1266.
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** Tso is temperature at which N2O conversion reached 50%; Tqo is temperature at which N2O conversion reached 90%; T1o0 is temperature at which
N20O conversion reached 100%; rn2o is N2O reaction rate

** “NA” represents no specific indication or not involved in the research.
*** Except exceptionally indicated, the reaction conditions are ambient temperature and pressure, i.e., 25 °C and 101 KPa.



Table S2. Summary of representative studies for N2O valorization.

The role of N2O

Reaction
substrate

Final products

Catalyst

Reaction conduction

Efficiency

Ref.
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