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Table S1. Comparison of the carbon nitride-based and other types of electrocatalysts in fuel cells.

CUQO-g-C3N4/(VC)

current density

of about 2 h

Urea oxidation

CN-based Electrocatalysts Catalytic Performance Reaction Ref.
13.7 mA cm? current Long-term duration
g-C3N4@RGO . . MOR 1
density stability
6.41 mA cm? current High stability after
CN,/PVA . - ORR 2
density 5000 repetitions
Ni/CN 5879 A g!
Cu-Ni/CN 551 Ag! Stable and
' ' MOR 3
Cu/CN 1.71 A g! current inexpensive
densities
ep-GCN-AB (exfoliated
. 14.74 W m power _
porous-graphitic carbon _ Improved stability =~ ORR 4
density
nitride-acetylene black)
MIlOz/TiOz/g-
) 1680 mW m™ power Stable after 3
C3N4/GAC(granular activated _ _ ORR >
density weeks of operation
carbon)
PtNPs@g-C;N4-ZIF-67
o 375.15 mA cm? Excellent long-term  Butanol
(zeolitic imidazolate ) . o 6
current density stability oxidation
framework)
122 mA cm??
) Stable current o
Ni/(g-CsN4/VC) current . Urea oxidation 7
density
density
25.3 mA cm? Increased stability

CNQD-PANI (g-carbon

28.4 A g current

8% loss upon 1000

nanoflakelets-rGO)

current density

nitride quantum dot - . MOR ?
. density cycles
polyaniline)
1.7 mA cm?
C-N/CuAg/Cu,O . Stable system MOR 10
current density
Pd-CNNF-G (carbon nitride 1890 mA mg! .
Long-term stability ORR 1




Improved

CN,/PAN (polyacrylonitrile 5.82 mA cm? ]
nanofiber) current density clectrocatalytic ORR ’
stability

Other Electrocatalysts Catalytic Performance Reaction Ref.
HC-LSM cathode (hybrid Power density of ~ Enhanced LSM cathodes ORR 13
catalyst of BaCe(3Gdg,03.5 1.31 W cm? at operational stability
and BaCO; developed on 750 °C under accelerated
(LapgSr92)0.0sMnOs,5 (LSM) chromium poisoning
cathodes) conditions
Nig7Co3/Al,O3+(10% La,O3;) Power density of The presence of carbon Hydrocarbon 14
bimetallic catalyst 651 mW cm? at in the anode influenced  reforming

850 °C the cell long-term

stability
Pt/Ru-Sn0O, 785.29 mA g'! Increased corrosion EOR 15
Pd/Ru-Sn0O, 181.71 mA g'! stability
(Pt and Pd deposited on current densities
nanocrystalline Ru doped
SnO, support)
MEAs (membrane electrode 630, 666, 696 Mw  1IrO, addition to the fuel =~ HOR 16
assembly) with 20, 40 and 60  cm™ power cell prevented the
wt% Pt/C + IrO, densities degradation of the
electrode

PtCo@AC-VC (PtCo based 73 mA cm? Higher stability than MOR 17
nanoparticles on AC-VC current density other synthesized
(activated carbon-vulcan catalysts
carbon) supports)
Zirconia ALD treated Pt Power density of  ALD zirconia did not HER 18

524 mWcm™ at
0.4 V for bare
MEA and 546

mW cm? for

improve the catalytic

performance, yet

inactivated the surface

as an inert surface




2ALD MEA after  coating-Increased
20k cycles of stability
accelerated stress
tests
Pd,-Y,05/C Power density of ~ High stability of the ORR 19
325 mWem? catalyst after 2000
operation cycles
MEA with 125 pg cm Power density of - HOR 20
modified MWCNT and 1.23 W cm? ORR
loading of 120 pg cm?
Pt/PtRu (both cathode and
anode)
Fe-N-MPC 473 mW cm? Excellent stability after =~ ORR 21
FeMn-N-MPC 474 mW cm 10000 potential cycles

(Fe-N-mesoporous carbon)




Table S2. Comparison of the carbon nitride-based and other types of electrocatalysts in metal-air

cm?

batteries.
CN-based Catalytic Performance Reaction Ref.
Electrocatalysts
Pd-CN Specific capacity of Good cyclic stability ORR and OER 2
26614 mAh g'! at for 70 cycles
current density of 100
mA g!
Fe/N doped mesoporous Power density of 153 Reasonable stability ORR 23
carbon nanosheets mW cm
Specific capacity of 628
mAh g!
Ag/g-C3N,/Cos0, Discharge capacity of High cycling ORR and OER 24
7723 mAh g! stability (51 cycles)
g-C;N4/a-MnO, Discharge capacity of Large cycle stability ORR and OER =
9180 mAh g'! (40 cycles)
Other Electrocatalysts Catalytic Performance Reaction Ref.
Pb,[Ru,_Pb,]O¢ s Limiting current Durable ORR ORR and OER 26
extended-pyrochlore density of 5.1 mA performance-superior
nanocrystals on the rGO cm? stability of rGO/PRO to
0-MnO, or Co;0,
Fe/Ni(1:3)-NG) Power density of Advantageous stability =~ ORR and OER 27
164.1 mW cm??
Specific capacity of
824.3 mAh g!
Ni@Co-MNC/CNTs Current density of Excellent rechargeability ORR and OER 23
10 mA cm™ over 120000 s
CNTs-grafted FeC/MnO,  Power density of Continuous discharge ORR, OER,and %
35.0 mW cm™ for 18 h HER
NT-Co;04/NC Limited current Good charging- ORR and OER 30
density of 4.84 mA  discharging stability




Power density of

267 mW cm?
NiCo0,04/Mo,C/CC Capacity of 778 Long cycle life and ORR, OER, and 3!
mAh g! stability HER
Power density of
104 mW cm
C0;04/MnO; nanorods 116 mW cm? Highly durable ORR 32
N, S and P tri-doped Power density up to  Long charge-discharge ORR and OER 33
graphene (NSP-Gra) 225 mW cm? cycling stability
NiCoFe-LDH/Ti;C, Power density of 63  Long-term stability ORR and OER 34

MXene/NCNT

mW cm?
Specific capacity of
753 mAh g'!




Table S3. Comparison of the carbon nitride-based and other types of electrocatalysts in water

splitting.

CN-based Catalytic Performance Reaction Ref.

Electrocatalysts

WC/Co;W;3N/Co@NC 10 mA cm? atonly 1.61 V  Stability for about 50 HER and »
cell voltage h OER

CoS,/g-C3Ny Cell voltage of 1.6 VmV 96 h of continuous HER and 36
for 10 mA cm current electrolysis OER
density

MoC@NCS 1.69 V at 10 mA cm™ Strong durability HER and 37
current density during 24 h OER

Cu;P/g-C3Ny/3D Cell voltage equal to 1.54  Minimum stability of HER and 38
V for reaching 10 mA cm~  35h OER
2 current density

Other Electrocatalysts Catalytic performance Reaction Ref.

CoP; nanoneedle array Partial current density Excellent stability HER and ¥
over 1 A cm? OER

RuNiCo@CMT Overall cell voltage of Excellent stability for =~ HER and 40
1.58 V at 10 mA cm up to30h OER

Co-Fe Selenide Cell voltage of 1.68 V at  Stability for 9 h HER and 4l
a current density of 10 OER
mA cm

CuS/MnCOs; on nickel 10 mA cm at a voltage ~ Stability for about 10 h  HER and 42

foam of 143V OER

FeCoMoS@NG Cell voltage of 1.58 Vat  Durability over 70 h of HER and 43
current density of 10 mA  successive charge- OER
cm™ discharge cycles

Fe-N-C/FeP,/NPSC 1.57 V cell voltage to High reliability under =~ ORR, HER M
reach 10 mA cm? various deformation and OER

conditions

CC/MOF-CoSe,@MoSe, Voltages of 1.53 and 1.76  Excellent stability over HER and 4

V to accomplish current 24 h for OER, HER, OER




densities of 10 and 50
mA cm™

and overall water

splitting

Pt-WO,,@rGO

Working voltage of 1.55
V at 10 mA cm?

Durability over 12 h of

continuous operation

HER and
OER

46

FCWO4-Ni3SZ

1.51 V at 10 mA cm™

Operating stably for
100 h at 1000 mA.cm™

HER and
OER

47

CuMo,ON@NG

Cell voltage of 1.49 V at
a current density of 10

mA cm™

Excellent reversibility
of 120 h at a high
current density of 100

mA cm™?

ORR, HER
and OER

48




Table S4. Comparison of the carbon nitride-based and other types of electrocatalysts in a number

of oxidation/reduction reactions.

CN-based

Electrocatalysts Catalytic Performance Reaction Ref.

Fe;C@mCN Current 90% current retention after10 h ORR ¥
density of -3
mA cm™

Fe/Ni@g-C;N, Current Strong mechanical stability ORR >0
density of 3.6
mA cm

Pd-g-C;N/NCQD Mass activity Near 10.5% loss after 10 h reaction ORR 51
of 600 A g’!

Fe-N-C Power density  1.3% performance decrease after ORR 32
0of 0.086 Wem~ 2000 cycles
2at0.18 mA
cm as fuel
cell

Co,@CN Limiting High stability and efficient N, NRR 33
potential of - conversion
0.78 V

Boron carbon -9.87% Noticeable stability NRR A
nitride (BCN) Faradaic

efficiency

-41.9 ug h

'mgy!

ammonia yield

Mn-C;N,/CNT 98.8% Faradic  After 20 h no obvious decay in CO,RR 35
efficiency and  current density
14 mA cm™

current density
at0.44 VvV

Ag-S-C3N/CNT Current No significant decay after 24 h CO,RR 36
density of -
21.3 mA cm?
at-0.77 vV
Faradaic
efficiency of
90%

Other

Electrocatalysts Catalytic Performance Reaction Ref.

Ni(OH),/ZrO, Current Excellent stability and methanol ORR 37
density of - tolerance under alkaline conditions
3.88 mA cm?

Si-Fe-N/C Current Excellent durability (90% after ORR 8
density of 5.4 50000 s)
mA cm™




Fe-N-WC

Current
density of
6.644 mA cm™

Maintained 96.5% of the initial
current after 10000 s

ORR

59

RU-CO304

Current
density of 3
mA cm??

86.0% for 20 h

ORR

60

Ti0,/rGO

Faradic
efficiency of
8.88%

NH; yield of
7.75 pg h'l.em-
2

Less than 10% drop after six
recycling tests

NRR

61

Zr/0-FeOOH

NH; yield of
1.39 x 1010
mol s'cm™
Faradic

efficiency of
35.63%

No significant change after 5 cycles

NRR

62

Cu/CeO,

49.3%
Faradaic
efficiency at -
1.6 V (current
density of
about 12 mA
cm?)

Relatively stable in 210 min

CO,RR

63

Cu,O/graphene

Faradaic
efficiency of
93.20% at -1.0
\Y

Stable current after 8 h

CO,RR

64

10




Table S5. Comparison of the carbon nitride-based and other types of electrocatalysts in

supercapacitors.

CN-based Electrocatalysts Catalytic Performance Ref.

Areal capacity of 289.6 mF cm? 63

g-C;Ny/PPy ) Life cycles after 10000 cycles
at current density of 0.4 mA cm

Specific capacity of 157 mAh g! 66
) After 2500 cycles about 90%
at a current density of 4 A g-!
] ] capacity retention and 71%
g-C3N,@ZnCo,0, Using Symmetric device: 39 Wh
capacity retention after 10000
kg-lenergy density and 1478 W

) cycles
kg! power density
Other Electrocatalysts Catalytic Performance Ref.
Zn//PBC-A900 Super capacitance of 321.3 F g'! 78% capacitance retention 67

at 1 A g'! Energy density of 114.2  after 20,000 cycles
Wh kg! with the power density of

800 W kg'!
CFt/PPy/ASA Specific areal capacitance of 4000 Capacitance retention of o8
mF cm™ 82.7% after 2500 cycles

Energy density of 18.8 Wh kg-! at
a power density of 1875 W kg'!

Copper wire@CuO@MnO,  Capacitive performance of 5.97 F  Cycling stability of 77% after =~ ¢
cm 2000 cycles
Energy density of 0.38 mWh cm3
at a power density of 25.5 mW

cm3
PAN/PMMA/Ultra-Fine Specific capacity of 387.2 F g at  97.5% capacity retention after ~ 7°
Needle Coke 05A¢g! 10,000 cyclesat 1 A g'!
Energy density of 27.87 Wh kg'!
at 489 W kg!
N-PCMs 158 F g-! under the condition of Capacitance retention rate of 7
05A¢g! 89.4% after 10000 cycles at 1 A

g—l

11




Table S6. List of various energy devices designed for evaluating carbon nitride-based materials

for electrocatalytic reactions.

Material Energy Reaction Electrocatalytic performance Ref.
Device summary
Graphene-based carbon nitride; Fuel cell ORR Current density of 7.3 mA cm2 at 72
G-CN 040V
Pt-Fe carbon nitride; Fuel cell ORR Specific activity per platinum unit 73
Ko.12[PtiFe; 6CssNo.12] mass of -255 A g'' Pt (0.75 V)
HOR 967 A g' Pt (<0.2 V)

Activation potential of 15 mV

higher than reference EC-20
Bimetallic carbon nitride; Pt-Ni-  Fuel cell ORR Low overpotential (~40 mV), "
CN and Pt-Fe-CN high open circuit potential and

mass activity at 0.9 V, low Pt

mass for power production

(e.2.0.099 A mgp! and 0.86 gp,

kW-! for Pt-Fe-CN 900)
Pt-Fe and Pt-Ni carbon nitride- Fuel cell ORR Lowest overpotential by PtNi-CN; 73
based core-shell; PtNi-CN and 900/Graphene (30 mV lower than
PtFe,-CN Pt/C), Low Pt mass for power

production (0.3 gp KW-! for PtNi-

CN,; 900/G, Higher activation

potential (30 mV) than reference

MEA
Pt/carbon nitride (CNy) modified  Fuel cell ORR 2.9 and 3.21 times higher mass 76
SiO,; CN,/SiO, activity by Pt/CNx/SiO, than Pt/C

at 0.85 V and 0.8 V, respectively
Chain-like SnO,-CN,; Fuel cell ORR 1.6 and 1.2 times larger specific 7
SnO,-CN, activity than Pt/C and Pt/C-CNx,

respectively
Hollow mesoporous carbon Fuel cell ORR Positive onset potentials of -0.15 78

nitride nanosphere/graphene;

HMCN-G

to -0.1 V and high current density
up to -3.3 mA cm? at-0.6 V

12




Coupled Co-graphitic-carbon Fuel cell ORR More positive onset potential (- ”
nitride carbon nanotubes; Co-g- 0.03 V) and half-wave potential (-
C;N4/SWCNTs 0.15 V) than Pt/C
Pd nanoparticles-graphitic- Fuel cell FAO High mass activity of 1640 mA 80
carbon nitride; PANPs/CNx mgpq! (7.2 times higher than

Pd/C) with a peak potential of 70

mV (23 times higher mass

activity than Pd/C after 1000

cycles)
Nano-electrocatalysts on carbon  Fuel cell ORR About 30 mV lower overpotential 8!
nitride support; PtNi-CN/G than Pt-based electrodes, 0.3-0.4

g of Pd or Pt for 1 kW production

by PtNi-CN900/G
Bimetallic core-shell carbon Fuel cell ORR High selectivity/high neighboring %2
nitride; PtNi-CN/G and PtFe,- Pt sites pairs density by PtNi-
CN/G CN600/G and PtFe,-CN600/G
Graphene supported Co-g-C;Ny;  Fuel cell ORR Onset potential of -0.03 V and 83
CCNG-600 half-wave potential of -0.141 V
Nitrogen-doped graphene Fuel cell ORR Onset potential of -0.02V and 84
supported graphitic carbon half-wave potential of -0.22V,
nitride; g-C3N4/N-G high current retention (96.3%)

even after 30000 s
Co50, and carbon dot Fuel cell ORR Electron-transferred number of 85

nanocrystals on graphitic carbon

nitride; Co30,4-C/C;Ny

3.69 at -0.8 V and onset potential
of -0.09V, large current density

RuO, nanowires on graphitic

carbon nitride; 1D-RuO,-CNy

Water splitting OER

Low onset overpotential of 200
mV with Tafel slopes of 52 and
56 mV dec’! and low
overpotentials of 250 mV and 260
mV for 10 mA cm? current
density in acidic and basic media,

respectively, Mass activity of 352

86

13




HER

mA mg! (about 14 times higher
than RuO,)

Superior HER activity with
current density of 10 mA cm? at
93 and 95 mV and Tafel slopes of
40 mV dec! and 70 mV dec! in
acidic and basic condition,

respectively

Cu-doped carbon nitride; Cu-g-
C3N4

Water splitting

HER

High current density of 10 mA
cm? at a low overpotential of 390
mV with good performance in

acidic media for at least 43 h

87

Cobalt/nitrogen-doped graphitic
carbon; Co-NG

Water splitting

HER

Overpotential of 203 mV at 10
mA cm? current density 2.5 times
PHE rate by Co-NG/g-C;N,4 than
pure g-C;Ny

88

Coral-like-nickel-carbon nitride;

Ni/C;5N,4

Water splitting

HER

High exchange current density of
1.91 x 10* A cm2, low Tafel
slope of 128 mV dec™!, and low
overpotentials of 356 and 222 mV
for 100 and 10 mA c¢m current

densities

89

Bimetallic nanoparticles
decorated carbon nitride;
C;Ny/AgPt, C3N4/AgPd, and
C3;Ny/AgAu

Water splitting

HER

Low overpotential of -150 mV to
attain 10 mA c¢m? current density
by C;N4/AgPt with Tafel slope of
65 mV dec’!, Activity order:
5%Pt/C>CsN,/AgPt>C;N,/AgPd>
C3Ny/AgAu

90

Pd and Pt nanoparticles
decorated carbon nitride; C;N,/Pt
and C3N4/ Pd

Water splitting

HER

-0.339 V and -0.371 V potentials
for 10 mA cm current density by

C3N4/Pt and C3N4/Pd

91

14




Nitrogen-doped porous carbon Fuel ORR Superior ORR performance than 2
nanosheets templated from cell/Battery Pt/C by N-CNS-120 with 11.6%
graphitic carbon nitride; N-CNS nitrogen content
Hierarchically porous graphene ~ Fuel ORR Low half-wave potential and 93
sheets-graphitic carbon nitride; cell/Battery highest potential when current
hp-GS/GCN density is higher than Pt/C
Fe-carbon nitride Core-shell; Fuel ORR Onset potential of 0.908 V by o4
FeFe,-CN/CA cell/Battery FeFe,-CN900/CA (38 mV lower

than Pt/C)
Boron-doped graphitic-carbon - HER Reduction of p-nitrophenol with %
nitride; B,-GCN high electrocatalytic activity and

stability
TiO, nanotube/graphitic-carbon ~ Battery HER Superior PEC activity towards %
nitride Rhodamine B dye reduction
Graphitic-carbon nitride/carbon ~ Li-O, Battery = ORR Decreased voltage gap of 0.95V %7
paper; GCN/CP as discharged to 1000 mAh g at

200 mA g'! current density and

1.58 V at 2000 mA g-!
Carbon felt modified with carbon RF Battery VO,"/VO?* Ipa/lpc about 0.93 with the %8
nitride; C;N4-CF redox polarization of 0.16 V, energy

efficiency (EE) of 85% by C3Ny-

CF (9.1% higher than pure CF)
Mesoporous graphitic-carbon Solar cell Sn? Low interface charge transfer »
nitride/NiS quantum dot; g- reduction resistance (Rct) of 1.08 €, high

C;N4/NiS

power conversion efficiency

(PCE) of 5.64%

MEA: Membrane electrode assemblies; FAO: Formic acid oxidation; PHE: Photocatalytic

hydrogen evolution.

15




REFERENCES

(1) Song, C.; Kim, S. Preparation and Electrochemical Characterization of Pt-Supported Flake-
Like Graphitic Carbon Nitride on Reduced Graphene Oxide as Fuel Cell Catalysts. J. Electrochem.
Soc. 2015, 162 (10), F1181.

(2) Jindal, A.; Basu, S.; Aby, C. Electrospun Carbon Nitride Supported on Poly(Vinyl) Alcohol as
an Electrocatalyst for Oxygen Reduction Reactions. RSC Adv. 2015, 5 (85), 69378-69387.

(3) Pieta, I. S.; Rathi, A.; Pieta, P.; Nowakowski, R.; Holdynski, M.; Pisarek, M.; Kaminska, A.;
Gawande, M. B.; Zboril, R. Electrocatalytic Methanol Oxidation over Cu, Ni and Bimetallic Cu-
Ni Nanoparticles Supported on Graphitic Carbon Nitride. Appl. Catal. B 2019, 244, 272-283.

(4) Chakraborty, I.; Ghosh, N.; Ghosh, D.; Dubey, B.; Pradhan, D.; Ghangrekar, M. Application
of Synthesized Porous Graphitic Carbon Nitride and It's Composite as Excellent Electrocatalysts
in Microbial Fuel Cell. Int. J. Hydrog. Energy 2020, 45 (55), 31056-31069.

(5) Zhang, Q.; Liu, L. Cathodes of Membrane and Packed Manganese Dioxide/Titanium
Dioxide/Graphitic Carbon Nitride/Granular Activated Carbon Promoted Treatment of Coking
Wastewater in Microbial Fuel Cell. Bioresour. Technol. 2021, 321, 124442,

(6) Bhavani, K. S.; Anusha, T.; Brahman, P. K. Platinum Nanoparticles Decorated on Graphitic
Carbon Nitride-ZIF-67 Composite Support: An Electrocatalyst for the Oxidation of Butanol in
Fuel Cell Applications. Int. J. Hydrog. Energy 2021, 46 (13), 9199-9214.

(7) Alawadhi, H.; Abdelkareem, M. A.; Hussain, N.; Wilberforce, T.; Sayed, E. T. A Composite
of Graphitic Carbon Nitride and Vulcan Carbon as an Effective Catalyst Support for Ni in Direct
Urea Fuel Cells. J. Taiwan Inst. Chem. Eng. 2020, 116, 160-168.

(8) Hussain, N.; Alawadhi, H.; Rahman, S.; Abdelkareem, M. A. Facile Synthesis of Novel Cu,O-
g-C;Ny/Vulcan Carbon Composite as Anode Material with Enhanced Electrochemical
Performances in Urea Fuel Cell. Sustain. Energy Technol. Assess. 2021, 45, 101107.

(9) Meenu, P. C.; Datta, S. P.; Singh, S. A.; Dinda, S.; Chakraborty, C.; Roy, S. Polyaniline
Supported g-C3N, Quantum Dots Surpass Benchmark Pt/C: Development of Morphologically
Engineered g-C;N, Catalysts Towards “Metal-Free” Methanol Electro-Oxidation. J. Power
Sources 2020, 461, 228150.

16



(10) Nazir, R.; Kumar, A.; Saad, M. A. S.; Ali, S. Development of CuAg/Cu,0 Nanoparticles on
Carbon Nitride Surface for Methanol Oxidation and Selective Conversion of Carbon Dioxide into
Formate. J. Colloid Interface Sci. 2020, 578, 726-737.

(11) Zhang, W.; Yao, Q.; Wu, X.; Fu, Y.; Deng, K.; Wang, X. Intimately Coupled Hybrid of
Graphitic Carbon Nitride Nanoflakelets with Reduced Graphene Oxide for Supporting Pd
Nanoparticles: A Stable Nanocatalyst with High Catalytic Activity Towards Formic Acid and
Methanol Electrooxidation. Electrochim. Acta 2016, 200, 131-141.

(12) Jindal, A.; Gautam, D. K.; Basu, S. Electrocatalytic Activity of Electrospun Carbon Nitride-
Polyacrylonitrile Nanofiber Towards Oxygen Reduction Reactions. J. Electroanal. Chem. 2016,
775, 198-204.

(13) Huang, J.; Xie, Z.; Ai, N.; Wang, C. C.; Wang, X.; Shao, Y.; Chen, K. A Hybrid Catalyst
Coating for a High-Performance and Chromium-Resistive Cathode of Solid Oxide Fuel Cells.
Chem. Eng. J. 2022, 431 (Part 3), 134281.

(14) Yao, Y.; Shi, C.; Huang, Z.; Cai, P.; Wang, S. Application of Ni,Co;.x Catalyst on Solid
Oxide Fuel Cell Anode for Biogas Dry Reforming. J. Power Sources 2022, 521, 230905.

(15) Kaninski, M. P. M.; Saponjic’, Z. V.; Mudrini¢, M. D.; Milovanovi¢, D. S.; Rajci¢, B. M.;
Radulovi¢, A. M.; Nikoli¢, V. M. Comparison of Pt and Pd Anode Catalysts Supported on
Nanocrystalline Ru-SnO, for Ethanol Oxidation in Fuel Cell Applications. Int. J. Hydrog. Energy
2021, 46 (77), 38270-38280.

(16) Ahn, C.-Y.; Kim, S.; Choi, H. J.; Lee, J.; Kang, S. Y.; Kim, O.-H.; Shim, H.; Kim, Y.-S_;
Sung, Y.-E.; Kwon, O. J. Effect of Iridium Oxide as an Additive on Catalysts with Different Pt
Contents in Cell Reversal Conditions of Polymer Electrolyte Membrane Fuel Cells. Int. J. Hydrog.
Energy 2022, 47 (3), 1863-1873.

(17) Burhan, H.; Arikan, K.; Alma, M. H.; Nas, M. S.; Karimi-Maleh, H.; Sen, F.; Karimi, F.;
Vasseghian, Y. Highly Efficient Carbon Hybrid Supported Catalysts Using Nano-Architecture as
Anode Catalysts for Direct Methanol Fuel Cells. Int. J. Hydrog. Energy 2022,
https://doi.org/10.1016/j.ijhydene.2021.12.141.

(18) Lim, J.; Shim, J. W.; Kim, D. J.; Park, J. S.; Koo, J.; Shim, J. H. Improvement of Fuel Cell
Catalyst Performance through Zirconia Protective Layer Coating by Atomic Layer Deposition. J.

Power Sources 2021, 498, 229923.

17



(19) Maheswari, S.; Bhat, S. D. Insight Towards Kinetics and Stability of Carbon Supported Pd-
Y,0; as Cathode Catalyst for Polymer Electrolyte Fuel Cells. Int. J. Hydrog. Energy 2022, 47,
8965-8973.

(20) Xi, J.; Meng, K.; Li, Y.; Wang, M.; Liao, Q.; Wei, Z.; Shao, M.; Wang, J. Performance
Improvement of Ultra-Low Pt Proton Exchange Membrane Fuel Cell by Catalyst Layer Structure
Optimization. Chin. J. Chem. Eng. 2022, 41, 473-479.

(21) Lilloja, J.; Kibena-Pdldsepp, E.; Sarapuu, A.; Kdirik, M.; Kozlova, J.; Paiste, P.; Kikas, A.;
Treshchalov, A.; Leis, J.; Tamm, A. Transition Metal and Nitrogen-Doped Mesoporous Carbons
as Cathode Catalysts for Anion-Exchange Membrane Fuel Cells. Appl. Catal. B 2022, 306,
121113.

(22) Yue, K.; Yan, Z.; Sun, Z.; Li, A.; Qian, L. Graphitic Carbon Nitride Modified with Pd
Nanoparticles toward Efficient Cathode Catalyst for Li-O, Batteries. Funct. Mater. Lett. 2020, 13
(07), 2051045.

(23) Ding, J.; Wu, D.; Huang, S.; Lu, C.; Chen, Y.; Zhang, J.; Zhang, L.; Li, J.; Ke, C.; Tranca, D.
Topological Defect-Containing Fe/N Co-Doped Mesoporous Carbon Nanosheets as Novel
Electrocatalysts for the Oxygen Reduction Reaction and Zn-Air Batteries. Nanoscale 2021, 13
(31), 13249-13255.

(24) Guo, Q.; Zhang, C.; Zhang, C.; Xin, S.; Zhang, P.; Shi, Q.; Zhang, D.; You, Y. Cos;0,
Modified Ag/g-C;N, Composite as a Bifunctional Cathode for Lithium-Oxygen Battery. J. Energy
Chem. 2020, 41, 185-193.

(25) Hang, Y.; Zhang, C.; Luo, X.; Xie, Y.; Xin, S.; Li, Y.; Zhang, D.; Goodenough, J. B. A-MnO,
Nanorods Supported on Porous Graphitic Carbon Nitride as Efficient Electrocatalysts for Lithium-
Air Batteries. J. Power Sources 2018, 392, 15-22.

(26) Na, S.; Lee, B.; Yoon, W. Y.; Yim, T.; Oh, S. H. Lead Ruthenate Nanocrystals on Reduced
Graphene Oxides as an Efficient Bifunctional Catalyst for Metal-Air Batteries. J. Ind. Eng. Chem.
2019, 79, 409-417.

(27) Ma, Y.; Fan, H.; Wu, C.; Zhang, M.; Yu, J.; Song, L.; Li, K.; He, J. An Efficient Dual-Metal
Single-Atom Catalyst for Bifunctional Catalysis in Zinc-Air Batteries. Carbon 2021, 185, 526-
535.

(28) Cai, S.; Meng, Z.; Cheng, Y.; Zhu, Z.; Chen, Q.; Wang, P.; Kan, E.; Ouyang, B.; Zhang, H.;
Tang, H. Three Dimension Ni/Co-Decorated N-Doped Hierarchically Porous Carbon Derived

18



from Metal-Organic Frameworks as Trifunctional Catalysts for Zn-Air Battery and Microbial Fuel
Cells. Electrochim. Acta 2021, 395, 139074.

(29) Ye, M.; Hu, F.; Yu, D.; Han, S.; Li, L.; Peng, S. Hierarchical Fec/MnO, Composite with in-
Situ Grown Cnts as an Advanced Trifunctional Catalyst for Water Splitting and Metal-Air
Batteries. Ceram. Int. 2021, 47 (13), 18424-18432.

(30) Wang, C.-C.; Hung, K.-Y.; Ko, T.-E.; Hosseini, S.; Li, Y.-Y. Carbon-Nanotube-Grafted and
Nano-Co304-Doped Porous Carbon Derived from Metal-Organic Framework as an Excellent
Bifunctional Catalyst for Zinc-Air Battery. J. Power Sources 2020, 452, 227841.

(31) Xu, C.; Wang, Q.; Zhao, S.; Wang, S. NiCo,04 Nanoneedle/Mo,C-Coated Carbon Cloth as
Efficient Catalyst for Water Splitting and Metal-Air Battery. Synth. Met. 2021, 280, 116894.

(32) Cui, C.; Du, G.; Zhang, K.; An, T.; Li, B.; Liu, X.; Liu, Z. Co30,4 Nanoparticles Anchored in
Mno, Nanorods as Efficient Oxygen Reduction Reaction Catalyst for Metal-Air Batteries. J. Alloys
Compd. 2020, 814, 152239.

(33) Wang, Y.; Xu, N.; He, R.; Peng, L.; Cai, D.; Qiao, J. Large-Scale Defect-Engineering Tailored
Tri-Doped Graphene as a Metal-Free Bifunctional Catalyst for Superior Electrocatalytic Oxygen
Reaction in Rechargeable Zn-Air Battery. Appl. Catal. B 2021, 285, 119811.

(34) Faraji, M.; Arianpouya, N. NiCofe-Layered Double Hydroxides/Mxene/N-Doped Carbon
Nanotube Composite as a High Performance Bifunctional Catalyst for Oxygen Electrocatalytic
Reactions in Metal-Air Batteries. J. Electroanal. Chem. 2021, 901, 115797.

(35) Li, S.; Xu, C.; Zhou, Q.; Liu, Z.; Yang, Z.; Gu, Y.; Ma, Y.; Xu, W. Rational Design of Self-
Supported Wc/Cos;W;3N/Co@Nc Yolk/Shell Nitrogen-Doped Porous Carbon Catalyst for Highly
Efficient Overall Water Splitting. J. Alloys Compd. 2022, 902, 163627.

(36) Borthakur, P.; Boruah, P. K.; Das, M. R.; Ibrahim, M. M.; Altalhi, T.; El-Sheshtawy, H. S.;
Szunerits, S.; Boukherroub, R.; Amin, M. A. CoS, Nanoparticles Supported on rGO, g-C;Ny,
BCN, MoS,, and WS, Two-Dimensional Nanosheets with Excellent Electrocatalytic Performance
for Overall Water Splitting: Electrochemical Studies and DFT Calculations. ACS Appl. Energy
Mater. 2021, 4 (2), 1269-1285.

(37) Ren, J.-T.; Chen, L.; Weng, C.-C.; Yuan, G.-G.; Yuan, Z.-Y. Well-Defined Mo,C
Nanoparticles Embedded in Porous N-Doped Carbon Matrix for Highly Efficient Electrocatalytic
Hydrogen Evolution. ACS Appl. Mater. Interfaces 2018, 10 (39), 33276-33286.

19



(38) Riyajuddin, S.; Tarik Aziz, S.; Kumar, S.; Nessim, G. D.; Ghosh, K. 3D-Graphene Decorated
with g-C;N4/CusP Composite: A Noble Metal-Free Bifunctional Electrocatalyst for Overall Water
Splitting. ChemCatChem 2020, 12 (5), 1394-1402.

(39) Zhang, J.; Liu, Y.; Zhang, J.; Zhang, Y.; Yuan, S.; Wang, D.; Lian, J.; Jiang, Q.; Wang, G. A
Self-Supporting Bifunctional Catalyst Electrode Made of Amorphous and Porous CoP;
Nanoneedle Array: Exhaling During Overall Water Splitting. Electrochim. Acta 2021, 393,
138986.

(40) Xue, Y.; Yan, Q.; Bai, X.; Xu, Y.; Zhang, X.; Li, Y.; Zhu, K.; Ye, K.; Yan, J.; Cao, D.
Ruthenium-Nickel-Cobalt Alloy Nanoparticles Embedded in Hollow Carbon Microtubes as a
Bifunctional Mosaic Catalyst for Overall Water Splitting. J. Colloid Interface Sci. 2022, 612, 710-
721.

(41) Boakye, F. O.; Li, Y.; Owusu, K. A.; Amiinu, I. S.; Cheng, Y.; Zhang, H. One-Step Synthesis
of Heterostructured Cobalt-Iron Selenide as Bifunctional Catalyst for Overall Water Splitting.
Mater. Chem. Phys. 2022, 275, 125201.

(42) Chen, N.; Wang, Y.; Du, X.; Zhang, X. Facile Fabrication of Flower-Like CuS/MnCos
Microspheres Clusters on Nickel Foam as an Efficient Bifunctional Catalyst for Overall Water
Splitting. Int. J. Hydrog. Energy 2021, 46 (38), 19948-19961.

(43) Ramakrishnan, S.; Balamurugan, J.; Vinothkannan, M.; Kim, A. R.; Sengodan, S.; Yoo, D. J.
Nitrogen-Doped Graphene Encapsulated FeCoMoS Nanoparticles as Advanced Trifunctional
Catalyst for Water Splitting Devices and Zinc-Air Batteries. Appl. Catal. B 2020, 279, 119381.
(44) Li, P.; Wang, H.; Fan, W.; Huang, M.; Shi, J.; Shi, Z.; Liu, S. Salt Assisted Fabrication of
Lignin-Derived Fe, N, P, S Codoped Porous Carbon as Trifunctional Catalyst for Zn-Air Batteries
and Water-Splitting Devices. Chem. Eng. J. 2021, 421, 129704.

(45) Patil, S. J.; Chodankar, N. R.; Hwang, S.-K.; Shinde, P. A.; Raju, G. S. R.; Ranjith, K. S.;
Huh, Y. S.; Han, Y.-K. Co-Metal-Organic Framework Derived CoSe,@MoSe, Core-Shell
Structure on Carbon Cloth as an Efficient Bifunctional Catalyst for Overall Water Splitting. Chem.
Eng. J. 2022, 429, 132379.

(46) Yin, D.; Cao, Y.-D.; Chai, D.-F.; Fan, L.-L.; Gao, G.-G.; Wang, M.-L.; Liu, H.; Kang, Z. A
Wox Mediated Interface Boosts the Activity and Stability of Pt-Catalyst for Alkaline Water
Splitting. Chem. Eng. J. 2022, 431, 133287.

20



(47) Wang, Z.; Qian, G.; Yu, T.; Chen, J.; Shen, F.; Luo, L.; Zou, Y.; Yin, S. Carbon Encapsulated
FeWO4-Ni3S, Nanosheets as a Highly Active Catalyst for Overall Water Splitting at Large Current
Density. Chem. Eng. J. 2022, 434, 134669.

(48) Balamurugan, J.; Nguyen, T. T.; Kim, N. H.; Kim, D. H.; Lee, J. H. Novel Core-Shell Cumo-
Oxynitride@N-Doped Graphene Nanohybrid as Multifunctional Catalysts for Rechargeable Zinc-
Air Batteries and Water Splitting. Nano Energy 2021, 85, 105987.

(49) Liu, B.; Yao, H.; Daniels, R. A.; Song, W.; Zheng, H.; Jin, L.; Suib, S. L.; He, J. A Facile
Synthesis of Fe;C@Mesoporous Carbon Nitride Nanospheres with Superior Electrocatalytic
Activity. Nanoscale 2016, 8 (10), 5441-5445.

(50) Sahu, R. S.; Doong, R.-A. Functionalized Fe/Ni@g-C;N, Nanostructures for Enhanced
Trichloroethylene Dechlorination and Successive Oxygen Reduction Reaction Activity. Environ.
Sci. Nano 2020, 7 (11), 3469-3481.

(51) Faraji, M.; Moradi Dehaghi, S. Pd-Doped g-C3N, Decorated by Nitrogen-Doped Carbon
Quantum Dot as a High Performance Electrocatalyst with Superior Durability and Methanol
Tolerance for Oxygen Reduction Reaction. /norg. Chem. Commun. 2021, 123, 108328.

(52) Yousaf, A. B.; Monnier, J. R.; Weidner, J. W.; Hassan, M. K.; Zaidi, S. J.; Kasak, P. A
Precious-Metal-Free Fe-Intercalated Carbon Nitride Porous-Network with Enhanced Activity for
the Oxygen Reduction Reaction and Methanol-Tolerant Oxygen Reduction Reaction. Sustain.
Energy Fuels 2020, 4 (10), 5050-5060.

(53) Huang, B.; Wu, Y.; Chen, B.; Qian, Y.; Zhou, N.; Li, N. Transition-Metal-Atom-Pairs
Deposited on G-CN Monolayer for Nitrogen Reduction Reaction: Density Functional Theory
Calculations. Chin. J. Catal. 2021, 42 (7), 1160-1167.

(54) Chang, B.; Li, L.; Shi, D.; Jiang, H.; Ai, Z.; Wang, S.; Shao, Y.; Shen, J.; Wu, Y.; Li, Y.; Hao,
X. Metal-Free Boron Carbonitride with Tunable Boron Lewis Acid Sites for Enhanced Nitrogen
Electroreduction to Ammonia. Appl. Catal. B 2021, 283, 119622.

(55) Feng, J.; Gao, H.; Zheng, L.; Chen, Z.; Zeng, S.; Jiang, C.; Dong, H.; Liu, L.; Zhang, S.;
Zhang, X. A Mn-Nj Single-Atom Catalyst Embedded in Graphitic Carbon Nitride for Efficient
CO; Electroreduction. Nat. Commun. 2020, 11 (1), 4341.

(56) Chen, J.; Wang, Z.; Lee, H.; Mao, J.; Grimes, C. A.; Liu, C.; Zhang, M.; Lu, Z.; Chen, Y.;
Feng, S. P. Efficient Electroreduction of CO, to Co by Ag-Decorated S-Doped g-C;N4/CNT
Nanocomposites at Industrial Scale Current Density. Mater. Today Phys. 2020, 12, 100176.

21



(57) Li, R.; Zhang, R.; Qiao, Y.; Zhang, D.; Cui, Z.; Wang, W. Heterostructure Ni(OH),/ZrO,
Catalyst Can Achieve Efficient Oxygen Reduction Reaction. Chem. Eng. Sci. 2022, 250, 117398.
(58) Wu, T.; Wang, Y.; Zhao, H.; Dong, J.; Xu, J. Si Doped Fe-N/C Catalyst for Oxygen Reduction
Reaction Directed by Ordered Mesoporous Silica Nanospheres Template Strategy. J. Colloid
Interface Sci. 2021, 603, 706-715.

(59) Tian, L.; Yu, X.; Xu, J.; Wang, R.; Xu, Z.; Chen, T. Preparation and Study of Tungsten
Carbide Catalyst Synergistically Codoped with Fe and Nitrogen for Oxygen Reduction Reaction.
J. Mater. Res. Technol. 2021, 15, 7100-7110.

(60) Hu, D.; Wang, R.; Du, P.; Li, G.; Wang, Y.; Fan, D.; Pan, X. Electrospinning Ru Doped
Co0304 Porous Nanofibers as Promising Bifunctional Catalysts for Oxygen Evolution and Oxygen
Reduction Reactions. Ceram. Int. 2022, 48 (5), 6549-6555.

(61) L1, Y.; Zhou, Y.; Xu, C. Porous TiO,/RGO Nanocomposites Prepared by Cold Sintering as
Efficient Electrocatalyst for Nitrogen Reduction Reaction under Ambient Conditions. J. Eur.
Ceram. Soc. 2022, 42 (4), 1548-1555.

(62) Tan, J.; He, X.; Yin, F.; Liang, X.; Li, G.; Li, Z. Zr-Doped A-Feooh with High Faradaic
Efficiency for Electrochemical Nitrogen Reduction Reaction. Appl. Surf. Sci. 2021, 567, 150801.
(63) Xue, L.; Zhang, C.; Wu, J.; Fan, Q.-Y.; Liu, Y.; Wu, Y.; Li, J.; Zhang, H.; Liu, F.; Zeng, S.
Unveiling the Reaction Pathway on Cu/CeO, Catalyst for Electrocatalytic CO, Reduction to CHg.
Appl. Catal. B 2022, 304, 120951.

(64) Wang, Y.; Lei, H.; Lu, S.; Yang, Z.; Xu, B. B.; Xing, L.; Liu, T. X. Cu,O Nano-
Flowers/Graphene Enabled Scaffolding Structure Catalyst Layer for Enhanced CO,
Electrochemical Reduction. Appl.Catal. B 2022, 305, 121022.

(65) Duraisamy, N.; Prabhu, S.; Ramesh, R.; Kandiah, K. Binder-Free Heterostructure (G-
C;N4/Ppy) Based Thin Film on Semi-Flexible Nickel Foam Via Hybrid Spray Technique for
Energy Storage Application. Prog. Natur. Sci. 2020, 30 (3), 298-307.

(66) Sharma, M.; Gaur, A. Designing of Carbon Nitride Supported ZnCo,04 Hybrid Electrode for
High-Performance Energy Storage Applications. Sci. Rep. 2020, /0, Article number: 2035.

(67) Wang, J.; Huang, Y.; Han, X.; Li, Z.; Zhang, S.; Zong, M. A Flexible Zinc-lon Hybrid
Supercapacitor Constructed by Porous Carbon with Controllable Structure. Appl. Surf. Sci. 2021,
579, 152247.

22



(68) Arvas, M. B.; Yazar, S.; Sahin, Y. Electrochemical Synthesis and Characterization of Self-
Doped Aniline 2-Sulfonic Acid-Modified Flexible Electrode with High Areal Capacitance and
Rate Capability for Supercapacitors. Synth. Met. 2022, 285, 117017.

(69) Zhang, Q.; Zhang, C.; Yang, F.; Yu, J.; Dong, H.; Sui, J.; Chen, Y.; Yu, L.; Dong, L. High
Performance Fiber-Shaped Flexible Asymmetric Supercapacitor Based on Mno, Nanostructure
Composited with CuO Nanowires and Carbon Nanotubes. Ceram. Int. 2022,
https://doi.org/10.1016/j.ceramint.2022.01.284.

(70) Li, X.; Zhao, L.; He, T.; Zhang, M.; Wang, Z.; Zhang, B.; Weng, X. Highly Conductive,
Hierarchical Porous Ultra-Fine Carbon Fibers Derived from
Polyacrylonitrile/Polymethylmethacrylate/Needle Coke as Binder-Free Electrodes for High-
Performance Supercapacitors. J. Power Sources 2022, 521, 230943.

(71) Wang, M.; Zhao, J.; Zhang, D.; Chen, Z.; Zheng, J.; Zhang, P.; Deng, K. Honeycomb-Like
N-Doped Porous Carbon Derived from Poly(Schiff-Base) as an Electrode Material for High-
Performance Supercapacitor. J. Electroanal. Chem. 2022, 908, 1161009.

(72) Yang, S.; Feng, X.; Wang, X.; Miillen, K. Graphene-Based Carbon Nitride Nanosheets as
Efficient Metal-Free Electrocatalysts for Oxygen Reduction Reactions. Angew. Chem., Int. Ed.
2011, 123 (23), 5451-5455.

(73) Di Noto, V.; Negro, E.; Gliubizzi, R.; Lavina, S.; Pace, G.; Gross, S.; Maccato, C. A Pt-Fe
Carbon Nitride Nano-Electrocatalyst for Polymer Electrolyte Membrane Fuel Cells and
Direct-Methanol Fuel Cells: Synthesis, Characterization, and Electrochemical Studies. Adv. Funct.
Mater. 2007, 17 (17), 3626-3638.

(74) Negro, E.; Di Noto, V. Polymer Electrolyte Fuel Cells Based on Bimetallic Carbon Nitride
Electrocatalysts. J. Power Sources 2008, 178 (2), 634-641.

(75) Di Noto, V.; Negro, E. Pt-Fe and Pt-Ni Carbon Nitride-Based ‘Core-Shell’orr Electrocatalysts
for Polymer Electrolyte Membrane Fuel Cells. Fuel Cells 2010, 10 (2), 234-244.

(76) Wang, R.; L1, X.; Li, H.; Wang, Q.; Wang, H.; Wang, W.; Kang, J.; Chang, Y.; Lei, Z. Highly
Stable and Effective Pt/Carbon Nitride (CNy) Modified SiO, Electrocatalyst for Oxygen Reduction
Reaction. Int. J. Hydrog. Energy 2011, 36 (10), 5775-5781.

(77) Ia, J.; Wang, H.; Li, H.; J1, S.; Yang, H.; Wang, R. Chain-Like SnO,-CN, Nanocomposite
Supported Pt Nanoparticles and Their Application in the Electrocatalytic Oxidation of Ethanol in
Acid Medium. J. Electrochem. Soc. 2014, 161 (12), H860.

23



(78) Qin, Y.; Li,J.; Yuan, J.; Kong, Y.; Tao, Y.; Lin, F.; Li, S. Hollow Mesoporous Carbon Nitride
Nanosphere/Three-Dimensional Graphene Composite as High Efficient Electrocatalyst for
Oxygen Reduction Reaction. J. Power Sources 2014, 272, 696-702.

(79) Yu, Q.; Xu, J.; Wu, C.; Guan, L. Strong-Coupled Co-g-C;N4/Swcnts Composites as High-
Performance Electrocatalysts for Oxygen Reduction Reaction. RSC Adv. 2015, 5 (80), 65303-
65307.

(80) Bhowmik, T.; Kundu, M. K.; Barman, S. Highly Efficient Electrocatalytic Oxidation of
Formic Acid on Palladium Nanoparticles-Graphitic Carbon Nitride Composite. Int. J. Hydrog.
Energy 2017, 42 (1), 212-217.

(81) Di Noto, V.; Negro, E. Development of Nano-Electrocatalysts Based on Carbon Nitride
Supports for the ORR Processes in Pem Fuel Cells. Electrochim. Acta 2010, 55 (26), 7564-7574.
(82) Di Noto, V.; Negro, E.; Polizzi, S.; Agresti, F.; Giffin, G. A. Synthesis-Structure-Morphology
Interplay of Bimetallic “Core-Shell” Carbon Nitride Nano-Electrocatalysts. ChemSusChem 2012,
5(12),2451-2459.

(83) Liu, Q.; Zhang, J. Graphene Supported Co-g-C;N; as a Novel Metal-Macrocyclic
Electrocatalyst for the Oxygen Reduction Reaction in Fuel Cells. Langmuir 2013, 29 (11), 3821-
3828.

(84) Wang, M.; Wu, Z.; Dai, L. Graphitic Carbon Nitrides Supported by Nitrogen-Doped
Graphene as Efficient Metal-Free Electrocatalysts for Oxygen Reduction. J. Electroanal. Chem.
2015, 753, 16-20.

(85) Wang, H.; Yang, Y.; Qu, T.; Kang, Z.; Wang, D. Co;04 and Cdots Nanocrystals on g-C5Ny
as a Synergetic Catalyst for Oxygen Reduction Reaction. Green Process. Synth. 2015, 4 (5), 411-
4109.

(86) Bhowmik, T.; Kundu, M. K.; Barman, S. Growth of One-Dimensional RuO, Nanowires on
g-Carbon Nitride: An Active and Stable Bifunctional Electrocatalyst for Hydrogen and Oxygen
Evolution Reactions at All Ph Values. ACS Appl. Mater. Interfaces 2016, 8 (42), 28678-28688.
(87) Zou, X.; Silva, R.; Goswami, A.; Asefa, T. Cu-Doped Carbon Nitride: Bio-Inspired Synthesis
of Hp-Evolving Electrocatalysts Using Graphitic Carbon Nitride (g-C5N,4) as a Host Material. Appl.
Surf. Sci. 2015, 357, 221-228.

(88) Si, Y.; Zhang, Y.; Lu, L.; Zhang, S.; Chen, Y.; Liu, J.; Jin, H.; Hou, S.; Dai, K.; Song, W.
Boosting Visible Light Photocatalytic Hydrogen Evolution of Graphitic Carbon Nitride Via

24



Enhancing It Interfacial Redox Activity with Cobalt/Nitrogen Doped Tubular Graphitic Carbon.
Appl. Catal. B 2018, 225, 512-518.

(89) Wang, L.; Li, Y.; Yin, X.; Wang, Y.; Song, A.; Ma, Z.; Qin, X.; Shao, G. Coral-Like-
Structured Ni/C3;N,; Composite Coating: An Active Electrocatalyst for Hydrogen Evolution
Reaction in Alkaline Solution. ACS Sustain. Chem. Eng. 2017, 5 (9), 7993-8003.

(90) Nazir, R.; Fageria, P.; Basu, M.; Pande, S. Decoration of Carbon Nitride Surface with
Bimetallic Nanoparticles (Ag/Pt, Ag/Pd, and Ag/Au) via Galvanic Exchange for Hydrogen
Evolution Reaction. J. Phys. Chem. C 2017, 121 (36), 19548-19558.

(91) Nazir, R.; Fageria, P.; Basu, M.; Gangopadhyay, S.; Pande, S. Decoration of Pd and Pt
Nanoparticles on a Carbon Nitride (C5Ny4) Surface for Nitro-Compounds Reduction and Hydrogen
Evolution Reaction. New J. Chem. 2017, 41 (18), 9658-9667.

(92) Yu, H.; Shang, L.; Bian, T.; Shi, R.; Waterhouse, G. 1.; Zhao, Y.; Zhou, C.; Wu, L. Z.; Tung,
C. H.; Zhang, T. Nitrogen-Doped Porous Carbon Nanosheets Templated from g-C;N4 as
Metal-Free Electrocatalysts for Efficient Oxygen Reduction Reaction. Adv. Mater. 2016, 28 (25),
5080-5086.

(93) Qiu, K.; Guo, Z. X. Hierarchically Porous Graphene Sheets and Graphitic Carbon Nitride
Intercalated Composites for Enhanced Oxygen Reduction Reaction. J. Mater. Chem. A 2014, 2
(9), 3209-3215.

(94) Vezzu, K.; Delpeuch, A. B.; Negro, E.; Polizzi, S.; Nawn, G.; Bertasi, F.; Pagot, G.;
Artyushkova, K.; Atanassov, P.; Di Noto, V. Fe-Carbon Nitride “Core-Shell” Electrocatalysts for
the Oxygen Reduction Reaction. Electrochim. Acta 2016, 222, 1778-1791.

(95) Zhang, S.; Gao, L.; Fan, D.; Lv, X.; Li, Y.; Yan, Z. Synthesis of Boron-Doped g-C;N4 with
Enhanced Electro-Catalytic Activity and Stability. Chem. Phys. Lett. 2017, 672, 26-30.

(96) Ozdokur, K. V.; Bozkurt Cirak, B.; Eden, C.; Ahmad Boda, M.; Cirak, C. Facile Synthesis
and Enhanced Photo-Electrocatalytic Performance of TiO, Nanotube/g-CsN, Composite Catalyst
by a Novel Synthesis Approach. Optik 2020, 206, 164262.

(97) Yi, J.; Liao, K.; Zhang, C.; Zhang, T.; Li, F.; Zhou, H. Facile in Situ Preparation of Graphitic-
C3Ny@Carbon Paper as an Efficient Metal-Free Cathode for Nonaqueous Li-O, Battery. 4ACS
Appl. Mater. Interfaces 2015, 7 (20), 10823-10827.

(98) Huang, Y.; Huo, J.; Dou, S.; Hu, K.; Wang, S. Graphitic C;Ny4 as a Powerful Catalyst for All-
Vanadium Redox Flow Batteries. RSC Adv. 2016, 6 (70), 66368-66372.

25



(99) Li, W.; Chen, Q.; Zhong, Q. One-pot fabrication of mesoporous g-C;N4/NiS co-catalyst
counter electrodes for quantum-dot-sensitized solar cells. J. Mater. Sci. 2020, 55 (24), 10712-
10724.

26



