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Text S1. Surface Element Integration (SEI) Technique for Evaluating the Aggregation of 

Carbon-Metal Nanohybrids (CMNHs) 

Only Hua et al.1 and Das et al.2 theoretically estimated the Derjaguin-Landau-Verwey-

Overbeek (DLVO) interaction energies between CMNHs aggregates to explain their aggregation 

kinetics in aqueous solutions. However, both studies used the Derjaguin approximation (DA)3 

technique for the interaction energy calculations. The DA technique was used because exact 

estimation of van der Waals (vdW) and electrostatic double layer (EDL) interaction energies 

requires considerable numerical calculations even for very simple interaction geometries, e.g., 

sphere-sphere and sphere-plate configurations. Specifically, the vdW energy has to be calculated 

using Hamaker4, 5 or Lifshitz5, 6 approaches, and EDL energy is computed by solving Poisson-

Boltzmann4, 5 and Gouy-Chapman7 equations. The DA technique has been widely used to 

calculate vdW and EDL interaction energies for simple interaction geometries by scaling the flat-

plate interaction energy per unit area to the corresponding interaction energy between two curved 

surfaces. For example, Hogg et al.8 used the DA technique to develop a well-known analytical 

equation for calculating EDL interaction energy between spheres or between a sphere and a 

planar surface (i.e., assuming one of the interacting sphere is infinitely large). However, due to 

the inherent limitations of DA technique, existing analytical equations derived based on DA 

technique cannot accurately estimate the interaction energy for nanoparticles (NPs).9, 10 

Furthermore, DA equations are commonly derived for spherical, smooth, and uniformly-charged 

particles. Therefore, these equations are inapplicable for calculating the interaction energy for 2D 

g-C3N4 and graphene family nanomaterials (GFNs), 1D cylindrical carbon nanotubes (CNTs), 

and CMNHs that have irregular shape, surface roughness, and charge heterogeneity. 

The surface element integration (SEI) technique developed by Bhattacharjee and 

Elimelech9, 11, 12 is more suitable for estimating the DLVO interaction energies between CMNHs 

aggregates. The SEI technique circumvents the limitations of DA technique and can accurately 

calculate interaction energy between a planar surface and a particle of any geometry. Using SEI 

technique, Lin and Wiesner13 developed analytical expressions to calculate EDL interaction 

energy for sphere-plate interaction. Wu et al.14 used the SEI technique to develop analytical 

expressions to calculate vdW and EDL interaction energies for CNT-plate interaction. The 

analytical expressions used to calculate interaction energies between a sheet-shaped particle 

(e.g., 2D g-C3N4 and GFNs) and a planar surface are also readily obtained using the SEI 

technique.15 Indeed, the SEI technique can be used to precisely calculate DLVO energy for a 

planar surface with an interacting body (a particle, an aggregate, or a surface) of any geometry 

and of physically and chemically heterogeneous.16, 17 Therefore, the SEI technique is a robust 

approach to estimate interaction energy for a planar surface with a nanohybrid that can be taken 

as a particle with heterogeneous surface (e.g., metal NPs behave as roughness spots onto 

carbonaceous NMs; Figure S1e–1f shown below) or an heteroaggregate of different NPs. 

Nonetheless, the SEI technique cannot accurately evaluate interaction energies when none of the 

interacting surfaces is physically and chemically homogeneous (e.g., nanohybrid-nanohybrid 

interaction and nanohybrid-heterogeneous surface interaction) due to the use of flat-plate 

interaction energy per unit area for scaling up in this technique. Additionally, whereas the SEI 

can consider the influence of NP-specific properties like size, shape, morphology, surface 

defects, and impurities, it cannot explicitly account for crystallinity, hydrophilicity, chirality, 

magnetism, O-containing groups, specific edges, and structural wrinkles combined with dynamic 

conformational changes which are beyond the scope of the DLVO interactions.18-25. 
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Figure S1. Transmission electron microscope (TEM) images of carbon-metal nanohybrids. (a–b) 

Multi-walled carbon nanotubes (CNTs)-platinum (Pt) nanohybrids. The multi-walled CNTs are 

several hundred nanometers in length and 15–30 nm in diameter. The Pt nanoparticles (NPs; 

~2.43 nm in diameter) are anchored on both interior and exterior surfaces of the multi-walled 

CNTs. Reproduced from Tong et al.26 Copyright: 2017 American Chemical Society. (c–d) 

Reduced graphene oxide (RGO)-titanium dioxide (TiO2), and RGO-silver (Ag)-magnetite 

c) 

RGO-TiO2 

d) 

f) 

g) h) 

e) 
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(Fe3O4) nanohybrids, respectively. (c) The TiO2 NPs (20–30 m) are densely deposited on the 

RGO surfaces. (d) The Ag and Fe3O4 NPs are 20–40 and 10–20 nm, respectively, in the RGO-

Ag-Fe3O4 nanohybrids. The RGO in (c) and (d) is approximately 1 nm in single-layer thickness. 

(c) Reproduced from Wang et al.27 Copyright: 2018 American Chemical Society. (d) 

Reproduced from Park et al.28 Copyright: 2018 Springer Nature. (e–f) Carbon dots (CDs)-TiO2, 

and CDs-cuprous oxide (Cu2O) nanohybrids, respectively. (e) The ~3.3 nm CDs are strongly 

attached onto the edges of the TiO2 nanorods (~0.66 μm in length). (f) The HRTEM image 

shows the CDs (~5 nm) are deposited on the surfaces of ~2 μm Cu2O particles. The inset in (f) 

shows the lattice spacings of 0.25 nm and 0.32 nm, which agree well with the crystallographic 

(111) spacing of Cu2O and (002) spacing of CDs, respectively. (e) Reproduced from Bian et al.29 

Copyright: 2014 American Chemical Society. (f) Reproduced from Li et al.30 Copyright: 2015 

John Wiley & Sons, Inc. (g–h) g-C3N4-Ag nanohybrids with two different loading capacities of 

Ag NPs. Metal loading capacity (MLC) and average diameter of the spherical Ag nanoparticles 

are 1 wt% and 5 wt%, and ~18.7 nm and ~20.1 nm, respectively, in (g) and (h). Reproduced 

from Song et al.31 Copyright: 2018 Elsevier. Please note different scale bars in the figures. 
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Figure S2. Schematic diagram illustrates the construction processes of the g-C3N4-CdS 

photoelectrochemical immunosensor used for the detection of the expressional level of the N6-

methyladenosine (m6A). The anti-m6A antibody, Phos-Tag-Biotin, and Avidin-CuO function as 

the m6A-containing RNA recognition unit, linking unit, and indicator label, respectively. The g-

C3N4-CdS photoelectrochemical immunosensor shows a good detection sensitivity with a low 

detection limit of 3.53 pM and a wide linear range of 0.01–10 nM m6A methylated RNA. 

Reproduced from Wang et al.32 Copyright: 2017 Elsevier. 
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Please note that: Tables S1–S4 shown below summarize the promising applications of 

CMNHs at the Energy-Water-Environment (EWE) nexus since 2015. 

 

Table S1. Carbon Nanotubes (CNTs)-Metal Nanohybrids. 

Type Major mechanisms Applications Ref. 

CNT-Au 

CNT-Pd 

CNT-Pt 

CNT-Rh 

CNT-Ru 

Existence of vicinal metal and acidic sites that 

promotes tandem cascade reaction from xylose to 

furfuryl alcohol 

Selective conversion of xylose to xylitol 33 

CNT-Ag-

Polypyrrole 

Inhibited particle aggregation, good homogeneity, large 

specific surface area (SSA), and well-contact between 

bacterial and the nanocomposites 

~100% removal of E. coli and S. aureus 34 

CNT-Ag3PO4-

PANI 

Synergy between CNT, Ag3PO4, and PANI that 

facilitates rapid electron migration, and  

~100% degradation of phenol and p-nitrophenol in 20 

min 

35 

CNT-Al Accelerated electron transfer ~75% degradation of glyphosate in 2 h in the presence 

of H2O2 

36 

CNT-Al2O3 Inhibited particle aggregation, and large SSA Maximum adsorption capacity (Qmax) for 

trichloroethylene and Cd(II) is 19.84 and 27.21 mg/g, 

respectively 

37 

CNT-Al2O3 Large SSA, and good affinity (electrostatic attractions, 

hydrophobic interactions, π-π interactions, and 

hydrogen bonds) for dye 

Maximum removal efficiency for red 198 and blue 19 

dyes is 91.5% and 93.5%, respectively 

38 

CNT-Ce-Sr-Co 

CNT-Ni 

High SSA, and inhibited particle aggregation Reforming of methane 39 

CNT-Au-Co3O4 Sufficient active centers, rapid mass/charge transfer, 

and inhibited detachment of Au nanoparticles (NPs) 

from nanohybrids 

Oxygen evolution reaction 40 

CNT-Au-TiO2 Larger SSA and more active sites, and enhanced light 

absorption and electron transfer 

Degradation of gas styrene 41 

CNT-BiVO4 Large SSA, enhanced particle dispersion, abundant 

surface active sites, and inhibited recombination of 

photogenerated electron-hole pairs 

~88.7% degradation of oxytetracycline in 1 h 42 

CNT-CdS 

CNT-CdS-Pt 

Well-dispersed NPs, intimate interfacial contacts, 

enhanced electron transfer, improved separation and 

reduced recombination of electron-hole pairs 

Photocatalytic H2 evolution 43 

CNT-CdS-SnS2 Well-matched band structure of CdS and SnS2 

effectively inhibited the recombination of 

photogenerated electron-hole pairs, thus improving the 

photo-to-current conversion efficiency 

Detection of insulin in the linear range of 0.1 pg/mL 

to 5 ng/mL with detection limit of 0.03 pg/mL 

44 

CNT-CeZrO2 

CNT-Ni-CeZrO2 

Better dispersion of active phase, small particle size, 

and large SSA 

Water-gas-shift reaction 45 

CNT-Co Enhanced dispersion of Co, and fast electron transfer 

for reaction 

Oxygen evolution reaction 46 

N-doped CNT-Co Enhanced exposed active sites for reaction Oxygen reduction reaction 47 

N-doped CNT-Co Rich exposed active sites, promoted electron transfer, 

and inhibited particle aggregation 

Hydrogen evolution reaction 48 

N, S-co-doped 

CNT-Co 

Large SSA, and excellent electron transfer Hydrogen evolution and oxygen reduction reactions 49 

CNT-Co 

CNT-Cu 

Synergetic effects between metal Schiff‐base 

complexes and CNTs 

Oxygen reduction reaction 50 
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N-doped CNT-Co-

g-C3N4 

Diversified spatial location and rapid interfacial charge 

transfer 

The hydrogen evolution rate is 1208 μmol/h/g in 

triethanolamine solution, and is 92.3 μmol/h/g in pure 

water within 4 h 

51 

CNT-Cu3P Enhanced separation and transfer of photogenerated 

electrons and holes, and abundant active sites 

Photocatalytic H2 evolution 52 

N-doped CNT-

Co3O4 

Enhanced electric conductivity, high stability, and 

good catalytic performance 

Oxygen reduction reaction 

Oxygen evolution reaction 

53 

CNT-Co3O4 

CNT-Fe2O3 

CNT-MnO2 

CNT-NiO 

High specific surface area, porosity, and electrical 

conductivity, more space for volume expansion, and 

fast electron-transfer kinetics 

Enhanced electrochemical performance 54 

N-doped CNT-Co-

C 

More exposed active surface area, and convenient 

channel for electron transport 

Oxygen reduction reaction 55 

N-doped CNT-

Co3O4-MgO 

Facilitated access for electrolyte, ample active sites, 

and enhanced electrochemical activity 

Hydrogen evolution reaction 56 

N-doped CNT-Co-

Co3ZnC 

Abundant active sites, large electrochemical surface 

area and structural defects, and avoided corrosion of 

Co3ZnC/Co Nos in alkaline media 

Photocatalytic H2O splitting 57 

N-doped CNT-Co High dispersion and stability of Ni, and increased 

number of active sites for catalysis in addition to the 

metal-N-C active centers 

Oxygen reduction reaction 

Oxygen evolution reaction 

58 

CNT-CoFe2O4 Large SSA, π-π interaction, and surface complexation Adsorption of 17β-estradiol and sulfamethoxazole 59 

CNT-Co-N-G Inimitable 1D/2D CNT/G heterostructure that provides 

different catalytically active sites (Co, CoN2, and N-C) 

Oxygen reduction and hydrogen evolution reactions 60 

CNT-CoMn2O4 Large amount of surface-adsorbed oxygen, lowered 

bandgap energy, and larger charge carrier 

concentration 

Oxygen reduction/evolution reactions 61 

N-doped CNT-CoP Increased electron transfer, and enhanced binding 

strength with hydrogen 

Overall H2O splitting 62 

CNT-CoS-Fe3O4 Large SSA, inhibited particle aggregation, and 

abundant adsorption sites 

Qmax for Hg(II) is 1666 mg/g 63 

CNT-CoSe2-SnSe2 Well-designed pearl-bracelet-like hollow architecture 

with high conductivity and rich porosity 

Hydrogen evolution reaction 64 

N-doped CNT-

CoTe2 

Large SSA, high conductivity, fast electron transport, 

and open channels for effective gas release 

Overall H2O splitting 65 

CNT-Cu Small pore size, high water permeability, high sorption 

capacity, and well-dispersion of particles 

~90% removal of arsenite 66 

CNT-Cu-Fe 

CNT-Cu-Co 

Enhanced selectivity and activity for oxidative 

reactions 

CO oxidation 67 

CNT-Fe Inhibited particle aggregation, and small particle size Qmax for Cr(VI) is 14 mg/g 68 

CNT-Fe Accelerated electron transfer Oxygen reduction reaction 69 

CNT-Fe Large SSA, suppressed recombination of 

photogenerated electron-hole pairs, and promoted 

electron transfer 

~95.1% degradation of rhodamine B in 1 h 70 

CNT-N-doped Fe The stability and ability to support simultaneous 

reverse water gas shift and Fischer-Tropsch catalysis 

CO2 hydrogenation 71 

CNT-Fe-C Large specific surface area, and enhanced 

hydrophilicity and active adsorptive sites (electrostatic 

interaction, π-π, hydrophobic, and physical transfusion 

interactions)  

Qmax for methylene blue, methyl orange, and neutral 

red is 132.58, 28.41, and 98.81 mg/g, respectively 

72 

N-doped CNT-Fe-

Fe3C 

Enhanced conductivity, and inhibited particle 

aggregation 

Oxygen reduction and oxidation reactions 73 

N-doped CNT-

Fe3C 

Specific structure of Fe3C could benefit the electron 

transfer and prevent the Fe3C dissolving in the solution 

~100% degradation of sulfamethoxazole with 

presence of activated persulfate 

74 
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N-doped CNT-

Fe3C 

Synergistic effect between Fe3C nanorods and N 

dopants that tunes hydrogen adsorption energy 

Hydrogen evolution reaction 75 

N-doped CNT-

Fe3C-G 

N doping and graphitic carbon frameworks work 

together for the non-radical pathway and 1O2 

generation by modulating the electron transfer and the 

interaction between PMS and carbon-catalysts 

~100% degradation of bisphenol A in 0.5 h in the 

presence of peroxymonosulfate (PMS) 

76 

N-doped CNT-Fe-

Fe3N-G 

Promoted exposure of active sites, accelerated 

transmission of hydrated oxygen, and enhanced 

adsorption of HO2
- for the 4e- oxygen reduction 

reaction 

Oxygen reduction reaction 77 

CNT-FexOy High surface areas, large surface-to-volume ratios, and 

mass transfer resistance 

Simultaneous reductions of Cr, Fe, Pb, and Cu by 

39.31%, 35.53%, 34.48, and 29.63%, respectively 

78 

CNT-Fe2O3 Large SSA, well-developed porosity, tunable surface-

containing functional groups, and inhibited particle 

aggregation 

Qmax for phenol is 2.78 mg/g 79 

CNT-Fe3O4 Combination of dielectric loss and magnetic loss of the 

material contributed to its stronger microwave 

absorption and the ability to produce more “hot spots” 

for contamination degradation 

~93% removal of chlortetracycline in 30 min 

Degradation of tetracycline and oxytetracycline 

80 

CNT-Fe3O4 Large SSA, high stability, and inhibited particle 

aggregation 

~96% removal of total dissolved solids 81 

CNT-Fe3O4-Zn0 π-π interaction, hydrophobic interaction, and hydrogen 

bond interaction for adsorptive removal of 

oxytetracycline, and Fenton oxidation degradation of 

oxytetracycline  

~98.6% of oxytetracycline was oxidized at an initial 

concentration of 100 mg/L by two-step process 

(adsorption and oxidation degradation) 

82 

CNT-Fe3O4-Zn0 Accelerated electron transfer in the heterogeneous 

Fenton-like reaction 

~99% and 57% removal of 4-chlorophenol and TOC, 

respectively 

83 

CNT-FexOy Large SSA, promoted dispersion of NPs, and enhanced 

contact of bacteria and nanocomposites 

>95% inactivation of E. coli 84 

CNT-FeOOH Large SSA, enhanced particle dispersion, and much 

more catalytic active sites 

Overall H2O splitting 85 

CNT-Fe-Pd-TiO2 

CNT-Fe-Pd-CeO2 

Retarded recombination of photogenerated electron-

hole pairs and longer-lived charge separation states 

Photocatalytic H2 production and water-gas shift 

reaction 

86 

CNT-FeCo-N-

doped G 

Excellent properties of CNT-G with FeCo alloys and 

high active N 

Oxygen and hydrogen evolution reactions 87 

CNT-Fe-Mn Enhanced stability of FeMn nanoparticles, and SO4•- 

and •OH are the dominant radicals for contaminant 

degradation 

~99.5% degradation of acetamiprid in the presence of 

peroxymonosulfate 

88 

CNT-Fe-Zn Large SSA, inhibited particle aggregation, and 

adsorptive (electrostatic attraction and surface 

complexation) removal 

Qmax for U(VI) is 380.8 mg/g at 298.15 K 

~95.9% removal of 241Am(III) 

89 

CNT-Fe-Zn Fenton-like reactions ~100% degradation of sulfamethoxazole 

Conversion of O2 to H2O2 

90 

CNT-Fe2O3-ZNF-8 Large SSA, and enhanced particle dispersion ~90.9% and 19.4% co-removal of malachite green and 

rhodamine B, respectively, in the binary system  

91 

CNT-Fe3O4-GO Large SSA, and abundant surface adsorption sites Qmax is 625.00, 574.71, and 384.62 mg/g for Cd(II), 

Cu(II), and Ni(II), respectively 

92 

CNT-Fe3O4-GO-

poly-L-lysine 

Chelation between poly-L-lysine and Pb(II) 

Electrostatic interaction between GO and tartrazine 

Qmax for Pb(II) and tartrazine is 1038.42 and 775.19 

mg/g, respectively 

93 

N-doped CNT-G-

Fe-Fe3N 

High density of Fe-N and pyridinic-N sites, moderate 

wettability and positive zeta potential promote the 

exposure of the active sites, accelerate the transmission 

of hydrated oxygen 

Oxygen reduction reaction 94 

N-doped CNT-

LaNiO3 

Enhanced number of metal-support and charge transfer 

interactions 

Oxygen reduction and evolution reactions 95 
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CNT-LaVO4 Enhanced light absorption, inhibited recombination of 

electron-hole pairs, and excellent electron transfer 

~90% degradation of tetracycline in 3 h 96 

CNT-Mn Strong π-π interaction and hydrogen bonding Electrocatalytic H2O2 oxidation and reduction 

reactions 

97 

CNT-MnO2 Accelerated charge transfer between Mn species ~41.6% removal of formaldehyde 98 

CNT-MnO2 Facilitated ion transport, increased electrochemical 

contact, good electrical conductivity, and improved 

charge transfer 

Enhanced desalination 99 

O-doped CNT-

Mn3O4 

Abundant catalytically active sites Oxygen evolution reaction 100 

CNT-Mo2C Unique conductive and porous structure of CNT-Mo2C 

nanostructures 

Hydrogen evolution reaction 101 

CNT-MOF (metal 

organic 

framework) 

GO-MOF 

Large SSA, inhibited particle aggregation, abundant 

surface reactive sites, π-π interaction, and H-bonding 

interaction 

Qmax for bisphenol A is 182 mg/g 102 

CNT-MoS2 Excellent conductivity, and abundant catalytic edge 

sites 

Hydrogen evolution reaction 103 

CNT-MoS2 Excellent conductivity, and high surface SSA Hydrogen evolution reaction 104 

CNT-MoS2 High SSA, and excellent conductivity Hydrogen evolution reaction 105 

CNT-Mo3S13-RGO Inhibited particle aggregation, high conductivity, and 

excellent electron separation and transfer 

Hydrogen evolution reaction 106 

D-doped CNT-Ni Unique architecture, sufficient CO2 gas bubble 

adsorption, and abundant surface reactive sites 

Electrochemical CO2 reduction 107 

CNT-Ni Single atom catalysis, large SSA, and abundant defects Electrochemical CO2 reduction 108 

CNT-Ni High SSA, large pore volume, and well-developed 

graphitized wall 

Qmax for malachite green, Congo red, rhodamine B, 

and methylene blue is 898, 818, 395, 312, and 271 

mg/g, respectively 

109 

N-doped CNT-Ni Sufficient amount of CO2 gas bubbles attached to the 

surface of the electrode under catalytic turnover 

conditions 

Electrochemical CO2 reduction reaction 110 

N-doped CNT-Ni Large SSA, inhibited particle aggregation, and 

excellent electron transfer 

~100% reduction of Cr(VI) in 2 h 111 

CNT-NiCoO2 Large SSA, and excellent electron transfer Oxygen reduction/oxidation reactions 112 

CNT-NiFeCe Reinforced SSA, electrochemical surface area, lattice 

defects, and enhanced electron transport 

Oxygen evolution reaction 113 

CNT-Ni-MgO-Cu Increased alkaline sites, promoted Ni dispersion, large 

metallic surface area, and low reduction activation 

energy of Ni 

Adiponitrile hydrogenation 114 

CNT-Ni-ZrO2 Reduced reactant access to Ni and Ni-ZrO2 interfaces, 

and abundant reactive sites of NiO and ZrO2 NPs 

CO2 methanation 115 

CNT-Pd Enhanced contaminant adsorption, inhibited particle 

aggregation, and accelerated electron transfer 

~100% degradation of 4-chlorophenol in 25 min 116 

CNT-Pd Inhibited Pd aggregation and leaching during catalytic 

reaction 

Heck catalytic reaction 117 

N-doped CNT-Pd Uniform dispersion of Pd NPs, improved electron 

transport, and facilitated mass transfer 

Electrocatalytic ethanol oxidation 118 

CNT-Pd-Ni Large specific surface area, inhibited particle 

aggregation, enhanced mass transfer, and high storage 

capacity of atomic H⁎ 

~100% removal of 4-chlorophenol in 30 min 119 

CNT-Pd-Ni Well-dispersion of Pd NPs and high porosity of the 

nanohybrids 

>99.95% dichlorination of chlorophenol 120 

CNT-Pt-Co High dispersion, lower activation energy, and favorable 

O-H bond cleavage due to Pt-Co synergy 

Hydrolytic dehydrogenation of ammonia borane 121 
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CNT-Pt-RGO High SSA, 3D porous interconnected architecture, and 

good electric conductivity 

Methanol oxidation 122 

CNT-Pt-TiN High SSA, high conductivity, and fast electron 

transport 

Methanol oxidation reaction 123 

CNT-Ni90Pd10 Enhanced electron transfer Oxygen reduction reaction 124 

CNT-NiSe2 Abundant active sites, and intimate contact between 

NiSe2 and CNT 

Hydrogen evolution reaction 125 

CNT-Pd Active surface area, and enhanced electron transport Nitrobenzene reduction 126 

N-doped CNT-Pd Uniform dispersion of Pd NPs, and improved electron 

transport and mass transfer  

Electrocatalytic oxidation of ethanol 118 

CNT-Pd3Pb-RGO Ordered structure of Pd3Pb, inhibited particle 

aggregation, open and accessible pores, and fast 

transportation of reactants to the active centers 

Oxygen reduction reaction 127 

CNT-Pd-Cu Electron-enhanced CNT convex surface, and increased 

reactive reaction sites 

~58.8% vs. ~86.9% nitrate conversion for CNT-Pd-

Cu (Pd-Cu attached inside vs. outside surfaces of 

CNT) 

128 

S-doped CNT-Pt Inhibited particle aggregation, large SSA and electrical 

conductivity, and fast electron and mass transfer 

Oxygen reduction reaction 129 

CNT-Pt-C Inhibited particle aggregation, and large SSA Oxygen reduction reaction 26 

CNT-Pt-

honeycomb 

Hydrophobic CNT rejects the water on catalyst, and 

thus maintains catalytic activity at high humidity; and 

honeycomb support reduces the pressure drop and uses 

much less Pt catalysts  

~88.0 – 91.3% catalytic conversion of odor cooking 

oil fumes with a gas hourly space velocity ranging 

from 5,700 to 17,200 h–1 at 300 ⁰C 

130 

CNT-RuO2-G Adsorption, direct oxidation, and indirect oxidation >97% removal of pyrrole and >75% removal of total 

organic carbon 

131 

CNT-RuO2-MnO2 High mass loading and intimate contact of NPs 

enhance electron separation and transfer 

Oxygen reduction and evolution reactions 132 

CNT-Ti Enhanced particle dispersion, and inhibited 

recombination of photogenerated electron-hole pairs 

100% degradation of bisphenol A, 68.78% of COD, 

and 47.14% of TOC reduction 

133 

CNT-Ti-Ni-RGO Enhanced charge and mass transfer Methanol oxidation 134 

CNT-TiO2 

N-doped CNT-

TiO2 

CNT-Ru 

N-doped CNT-Ru 

CNT-TiO2-Ru 

Large SSA and pore volume, inhibited particle 

aggregation, and the presence of anionic vacancies  

Selective CO methanation 135 

CNT-TiO2 Excellent conductive, abundant active sites, intertwined 

network structure of the photoanode, fast photocarrier 

separation, and longer photogenerated hole lifetime 

Photoelectrocatalytic degradation of NO (50 ppb) 136 

CNT-TiO2 Small pore size, increased number of exposed sorption 

sites, and high reactivity of the CNT-TiO2 filter system 

Qmax is 4.3 mg/g (or 30.5 mg/g when normalized by 

TiO2) for Sb(III) over 8 h reaction 

137 

CNT-TiO2 Large SSA, enhanced particle dispersion, and retarded 

recombination of photogenerated electron-hole pairs 

Degradation of a mixture of 22 organic pollutants 

including iopamidol, iopromide, diatrizoic acid, 

diclofenac, triclosan, and sulfamethoxazole 

138 

CNT-TiO2 Enhanced particle dispersion, shortened bandgap, and 

retarded recombination of photogenerated electron-

hole pairs 

~85% removal of Bismarck brown R dye in 1 h 139 

CNT-TiO2 Effective utilization of photogenerated electron-hole 

pairs 

Photocatalytic H2 production 140 

CNT-TiO2 Large SSA, and enhanced electron separation and 

transfer 

~100% degradation of methylene blue in 5 h 141 

CNT-TiO2 Large SSA, enhanced dye adsorption, and inhibited 

particle aggregation, recombination of electron-hole 

pairs  

~90% degradation of malachite green oxalate in 4 h 142 
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CNT-TiO2 Enhanced visible-light absorption, and inhibited 

recombination of photogenerated electron-hole pairs 

~92.7% degradation of methylene blue in 4 h 143 

CNT-TiO2 

CNT-TiO2-Au 

CNT-TiO2-Ir 

CNT-TiO2-Pd 

CNT-TiO2-Pt 

Enhanced separation and transfer of photoexcited 

electron-hole pairs 

Photocatalytic H2 production from methanol and 

saccharides 

144 

CNT-TiO2-Fe3O4 Large SSA, and enhanced lifetime and separation of 

photogenerated electron/hole pairs 

~92.4% degradation of methylene blue in 100 min 145 

CNT-TiO2-PtPb The change of d-band center, and volcano-type co-

relationship between ORR activity and d-band center 

Oxygen reduction reaction 146 

CNT-TiO2-SiO2 High surface area, and reduced bandgap ~81.6% removal of acetaminophen in 1 h 147 

N-doped CNT-V2 Strong adsorption and molecular dispersion of V2 on 

CNT 

~80% catalytic oxidation of 2,3,6-trimethylphenol 

with H2O2 

148 

CNT-W-W2C High conductivity, unique porous nanoarchitecture, 

abundant active catalytic sites, and enhanced transfer 

ability of electrons and ion 

Hydrogen evolution reaction in both acidic and 

alkaline media 

149 

CNT-Zn π–π stacking interactions, hydrophobic effects, and H-

bonding interactions 

Qmax for benzoic acid is 303 mg/g 150 

CNT-Zn 

GO-Zn 

Lewis acid–base interactions, π–π stacking interactions, 

hydrogen bonding, and hydrophobic interactions 

Qmax for malachite green by CNT-Zn and GO-Zn is 

2034 and 3300 mg/g, respectively 

151 

CNT-ZnCo2O4 High conductivity, and inhibited particle aggregation Oxygen evolution reaction 152 

CNTs: carbon nanotubes; LSRP: localized surface plasmon resonance; NMs: nanomaterials; 

NPs: nanoparticles; Qmax: Maximum adsorption capacity; and SSA: specific surface area. 
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Table S2. Graphene Family Nanomaterials (i.e., Graphene (G), Graphene Oxide (GO), and 

Reduced Graphene Oxide (RGO))-Metal Nanohybrids. 

Type Major mechanisms Applications Ref. 

G-Ag Large SSA, inhibited particle aggregation, good 

electrical conductivity, fast electron transfer 

Direct interaction between the sharp edges of 3D 

graphene and E. coli, and enhanced release of Ag+ ion   

~99% degradation of methylene blue in the presence 

of NaBH4 in 15 min 

~100% inactivation of E. coli in 3 h 

153 

N-doped G-Ag Naked catalytic surface with highly catalytic activity Detection of glutathione with linear range of 0.1-

157.6 μM and detection limit of 31 nM 

154 

G-Ag-Au Surface plasmon resonance, enhanced photo 

absorption, and built-in-field for hot electron transfer 

Photocatalytic H2O2 generation 155 

G-Ag-

polysaccharide 

sulfate 

Enhanced near infrared light absorption, large SSA, 

inhibited Ag NP aggregation, sharp edges of graphene, 

and toxicity from Ag NPs 

~100% inactivation of E. coli and S. aureus in 24 min 156 

G-Ag-TiO2 A large adhesion area, the interaction of excited 

photons, and high-density hotspots in the active 

substrate 

A detection limit of 1.0 × 10-12 M and an improved 

enhancement factor of 5.86 × 105 for Rhodamine 6G 

157 

N-doped G-Ag-

TiO2 

Efficient charge separation, and increased charge 

lifetime 

Detection of Pb2+ in the range of 1 pM to 5 nM and 

the detection limit of 0.3 pM 

158 

N-doped G-Ag-

TiO2 

Large SSA, SPR effect of Ag, facilitated the charge 

separation efficiency, and accelerated the transfer rate 

of the photogenerated electron-hole pairs 

Determination of thrombin in the linear range of 0.01 

pM to 10 pM and the detection limit of 3 fM 

159 

G-Ag-ZnO Surface plasmon resonance, enhanced charge transfer 

Self-assembled high density of nano-holes with 

abundant edges decorated with bi-metallic NPs of Ag 

and ZnO 

Degradation of rhodamine 6G and methyl orange 

Antimicrobial activity for E. coli 

160 

N-doped G-Ag-

CuAg 

Large SSA, and inhibited particle aggregation and 

dissolution 

Oxygen reduction reaction 161 

N-doped G-

Ag3PO4-polyimide 

Reduced recombination of photogenerated carriers in 

Z-scheme system 

~94.4% degradation of microcystins in 10 h 162 

N-doped G-Al-

doped SrTiO3 

Enhanced light absorption, and extended charge 

separation 

A maximum H2 production of 153 mmol/g and 

74 mmol/g of O2 

163 

G-(Al-La or Fe-La)-

cellulose 

Large SSA, enhanced particle dispersion, and 

abundant surface functional groups 

Adsorptive removal of fluoride 164 

G-Au More adsorption and reactive catalytic sites Detection limit for H2O2 is 0.12 μM 165 

N-doped G-Au-α-

Fe2O3 

SRP effect of Au NPs, large SSA, and enhanced 

photocurrent response 

detection of 17β-estradiol in the range from 1×10-15 

M to 1×10-9 M with a detection limit of 3.3×10-16 M 

166 

G-Au-cellulose Inhibited particle aggregation, excellent electric 

conductivity, and synergistic effect of G and cellulose 

~95% degradation of benzaldehyde, piperidine, and 

phenylacetylene 

167 

G-Au-TiO2-poly[3-

aminophenylboronic 

acid] 

Excellent photoelectrochemical and electrochemical 

transduction capabilities 

An acceptable linear range (from 0.5 to 28 mM), 

good sensitivity (549.58 μA/mM.cm2), and low 

detection limit (0.11 mM) 

Linear responses to hemoglobin (HbA1c) levels from 

2.0 to 10% (with a detection limit of 0.17%) 

168 

G-B High electrical conductivity, and abundant active sites Oxygen reduction reaction 169 

N-doped G-BiOBr Efficient visible-excited charge separation, restrained 

recombination of photoinduced electron-hole pairs, 

and high photoelectrochemical performance 

Detection of chlorpyrifos with the linear range of 5 

pg/mL to 11.6 ng/mL and detection limit of 1.67 

pg/mL 

170 

G-BiOI 3D porous architecture, large SSA, and superior 

electrical conductivity promoting charge transfer 

~83% removal of phenol in 5 h 171 
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G-(BiO)2CO3-BiO2-

x 

Inhibited particle aggregation, and enhanced 

photogenerated electron-hole pairs separation and 

transfer in Z-scheme system 

~55% removal of NO in 5 min 172 

Zn-doping G-BiVO4 Boosted charged separation by built-in electric field, 

and abundant reactive surface sites 

Incident photo-to-current conversion efficiency of 

57%, photocurrent density of 3.01 mA/cm2 at 0.6 V 

vs. RHE 

173 

N-doped G-C-Pd Synergy of controllable architecture, high SSA, 

abundant catalytically-active sites, enhanced mass and 

electron transport, and restrained redox of most 

electroactive species during H2O2 detection 

H2O2 detection limit as low as 20 nM 174 

F-doped G-CdS Enhanced light absorption, and photoelectrochemical 

effect 

Detection of p-phenylenediamine in the linear range 

of 1.0×10-7 to 3.0×10-6 M and detection limit of 

4.3×10-8 M 

175 

G-CdS-Au Enhanced light absorption, SPR effect of Au NPs, and 

enhanced photoelectrochemical current 

Detection of diclofenac in the range of 1-150 nM and 

detection limit of 0.78 nM 

176 

G-CdSe-ZnS Enhanced light absorption, and photoelectrochemical 

effect 

Detection of paraoxon and dichlorvos within the 

concentration ranges of 10-12 to 10-6 M, and detection 

limits of 10-14 and 10-12 M 

177 

G-CdSe-ZnS Photoelectrochemical effect Detection limit is as low as 2.5×10-12 M for 

dichlorvos and 6.055×10-14 M for paraoxon, 

respectively. 

177 

N-doped G-Co-

CoFe2O4 

Intimate contact between Co/CoFe2O4 and G, and 

abundant Fe-Nx active sites 

Oxygen evolution and reduction reactions 178 

G-CoP Large SSA, and inhibited particle aggregation Hydrogen evolution reaction 179 

N-doped G-Co Formation of active Co-N and Co-C sites that 

improves interfacial Faradic reaction kinetics 

Electrocatalytic hydrogen and oxygen evolution 180 

N-doped G-Co 

porphyrins 

Increased electron density of Co atoms Electroreduction of CO2 into CO 181 

N-doped G-Co3O4 Synergy between Co3O4 nanocrystals and new active 

sites created by N doping into graphene honeycomb 

network 

~100% degradation of acid orange 7 within 0.5 h in 

the presence of peroxymonosulfate 

182 

N-doped G-Co-

CoFe2O4 

Enhanced electrical conductivity, and more accessible 

catalytic active sites 

Oxygen reduction and evolution reactions 178 

N-doped G-CoCr Good corrosion resistance, and enhanced catalytic 

sites 

Overall H2O splitting 183 

G-Co-N, S-co-

doped C 

Rich dopant species, good conductivity, speedy mass 

transportation and charge-delivery processes 

Oxygen reduction and evolution reactions 184 

N-doped G-CoFe Presence of Co alloying in the core region 

with the high % of N doping in the graphene improves 

the catalytic activity 

Oxygen reduction reaction 

Hydrogen evolution reaction 

Catalytic reduction of 4-nitrophenol to 4-

aminophenol 

185 

G-CoFe-N-doped C 3D sandwich-like architecture, strongly anchored alloy 

and N-doped carbon shell, and abundant mesopores, 

which can enable fast electron transfer, ion diffusion, 

and O2 release 

Oxygen evolution reaction 186 

B, N-doped G-

CoMoS3.13 

Abundant active sites, and accelerated charge transfer Hydrogen and oxygen evolution reactions 187 

G-CoO Enhanced particle dispersion, hindered recombination 

of photogenerated electron-hole pairs, and large 

specific surface area 

~73.4% degradation of tetrabromobisphenol A 188 

G-Co3O4 

GO-Co3O4 

Enhanced particle dispersion, high specific surface 

area, large pore volume, and promoted effective 

electron transfer  

Photocatalytic H2 evolution 189 

G-Co3S4 

G-CoS 

Inhibited particle aggregation, large SSA, and 

enhanced transfer of electron and charge 

~100% degradation of bisphenol A in 8 min in the 

presence of peroxymonosulfate 

190 
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G-CoO-Co3O4 Increased dye adsorption, and reduced recombination 

of photogenerated electron-hole pairs 

~99% removal of methyl orange and Congo red in 15 

min, ~81% dye removal from primary effluent 

wastewater in 1 h, and ~60% dye removal from raw 

wastewater in 5 h 

191 

G-Co3O4-Fe2O3 Large SSA, high pore volume, abundant surface active 

site, and high CO2+ amount for activating potassium 

persulfate 

~90.6% and ~67.1% removal of NH4
+-N and COD in 

landfill leachate in the presence of potassium 

persulfate 

192 

G-CuFe2O4 Accelerated electron transfer ~98.2% removal of cyanide in 2 h in the presence of 

persulfate 

193 

G-Cu-Ni Increased number of active sites, high electrical 

conductivity, and effective electron transfer 

Degradation of 4-nitrophenol 194 

G-Fe Large SSA, enhanced particle dispersion, and 

abundant reactive surface sites 

Qmax for tetracycline is 660 mg/g 195 

G-Fe Chemical adsorption and oxidation Adsorption and oxidation of As2O3, Pb0, PbO, and 

PbCl2 

196 

G-Fe π-π and hydrophobic interactions 92-95% and 94-97% removal of perfluorooctanoic 

acid (50.4 mg/g) and perfluorooctane sulfonate (17.2 

mg/g) in 2 min; and 97-99% removal of difloxacin 

hydrochloride, acetochlor, and chlorantraniliprole in 

10 min 

197 

G-Fe-N Large SSA, porous structure, sufficient catalytically 

active sites, and fast transfer of reactants and ions 

Oxygen reduction reaction 198 

N-doped G-FeNi-N-

doped C 

Enhanced particle stability, optimized adsorption 

property, altered electronic states, abundant C-N 

active sites, and fast charge transfer 

Oxygen reduction reaction 199 

G-Fe-M (M = N, P, 

and S) 

Formation of a charge-transfer channel and modified 

charge distribution 

Oxygen reduction reaction 200 

G-Fe-Pt Accelerated reduction of O2 to form H2O2 and •OH ~100% degradation of 4-bromophenol in 1 h 201 

G-Fe-S Formation of Fe-N-C active center Oxygen reduction reaction 202 

G-Fe3C-Fe Highly dispersed Fe3C/Fe NPs, small size of G, and 

equilibrium degree of graphitization and defect density 

Oxygen reduction reaction 203 

G-Fe2O3 Enhanced O2 adsorption by graphene, and facilitated 

elongation of O–O bonds 

Catalytic oxidation of aldehyde with O2 204 

G-Fe3O4 Inhibited particle aggregation, large SSA, and 

adsorptive removal (electrostatic attraction) of 

contaminants 

Qmax for Azo dye and Cr(VI) is 189.6 and 222.2 

mg/g, respectively 

205 

G-Fe3O4 Coordination of U(VI) with oxygenated functional 

groups 

Qmax for U(VI) at 298 K is 176.47 mg/g 206 

N-doped G-FeNi-N-

doped C 

Fast electron transfer from FeNi alloy to N-doped 

graphene shells, and high structural stability of the 

nanohybrids 

Oxygen evolution reaction 207 

G-SnFe2O4 Enhanced visible-light absorption, and inhibited 

recombination of electron-hole pairs 

~80% degradation of chlorotetracycline in 1 h 208 

N, S-co-doped G-

LaNiO3 

Enhanced electro-catalytic active sites, and accelerated 

electron transport 

Oxygen reduction reaction 209 

G-Mg Electrostatic interactions, hydrophobic effects, 

hydrogen bonding, and π-π interactions 

Adsorptive removal of low concentration (50 µg/L) 

of bisphenol A with Qmax of 324 mg/g 

210 

G-MgH2 High dispersion of particles, and confinement effect of 

graphene 

Release 5.1 wt% H2 in 20 min at 325 ⁰C, and absorb 

5.2 wt% H2 in 10 min at 250 ⁰C 

211 

N-doped G-MnO2 Intimate interactions between 2D MnO2 nanosheet and 

3D porous N-doped graphene aerogel are beneficial 

for enhancing charge transfer and shortening diffusion 

pathway of pollutants to promote mass transport 

Reaction rate constant and activation energy for 

ibuprofen oxidation are 0.149 min-1 and 10.2 kJ/mol, 

respectively 

~100% degradation of ibuprofen in 2 h with presence 

of peroxymonosulfate  

212 
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G-Mo2C Large SSA, great electrical conductivity, fast charge 

transfer, and modified electronic structures 

Electrocatalytic H2 evolution 213 

G-Mo2C-WC Redistribution of valence electrons of Mo and W 

elements, N-coordinating sites, and high dispersed 

Mo2C-WC nanocrystals 

Electrocatalytic H2 evolution 214 

G-MOF (metal 

organic framework) 

Large SSA, enhanced particle dispersion, and plentiful 

of reactive sites 

Qmax for dibenzothiophene is 46.2 mg S/g 215 

G-MoS2 Facilitated hydrogen adsorption by graphene, and 

excellent charge transfer 

Hydrogen evolution reaction 216 

G-MoS2 Improved conductivity, more accessible catalytic 

active sites, and moderate H2 adsorption energy 

Hydrogen evolution reaction 217 

G-MoS2 More active sites, high conductivity, and optimized 

hydrogen adsorption energy 

Hydrogen evolution reaction 217 

N-doped G-MoS2 Efficient charge separation and giant photocurrent 

signal magnification 

Subfemtomolar level detection of acetamiprid 218 

G-S-doped MoS2 Abundant active sites, excellent conductivity, and fast 

electron transport 

H2 evolution reaction 219 

G-MoS2-Au Surface-enhanced Raman spectroscopy effect Sensitivity for detection Rhodamine 6 G is 5×10-8 and 

5×10-10 M at 633 and 532 nm, respectively 

220 

G-MoS2-NiS Inhibited particle aggregation, improved surface area 

contact, and rich porosity of the nanohybrids 

Hydrodesulfurization 221 

N-doped G-MoS2-

NiS2 

Facilitated transport of electrons, ions, and gases Overall water splitting 222 

N-doped G-NiCo2S4 Uniform distribution of NiCo2S4 nanotubes, hollow 

structure, and facilitated electron transport 

A specific capacitance of 1240 F/g at 1 A/g 223 

G-NiO NiO is the dominating active center, and nanodot 

structure enables the NiO to expose more active sites 

A high NH3 yield of 18.6 μg/h/mg and Faradaic 

efficiency of 7.8% at -0.7 V 

224 

G-NiS High surface-active sites exposure, enhanced electrical 

conductivity, and high electrocatalytic activity 

Overall H2O splitting results show a low cell voltage 

of 1.54 V at 10 mA/cm2 in alkaline media 

225 

N-doped G-Ni-O4 Ni-containing active sites Oxygen reduction reaction 226 

N-doped G-Ni-Mo Enhanced charge- and mass-transfer, promoted 

hydrogen adsorption and desorption, and abundant 

active sites 

Hydrogen evolution reaction 227 

G-Ni-NiO Enhanced photoinduced charge separation Gas phase CO2 reduction 228 

G-Ni-NiO-PxOy Small particle size, uniform dispersion of Ni/NiO NPs, 

and interactive electronic effect 

Electrocatalytic H2O splitting 229 

G-β-Ni(OH)2 Abundant active sites, and superior electrical 

conductivity 

Oxygen evolution reaction 230 

N, S-co-doped G-Pd Small Pd NPs (~2.1 nm), high activity and stability,  >99% conversion and >99% selectivity to 1,2,3,4-

tetrahydroquinoline for quinoline hydrogenation 

reactions 

231 

NH2-G-Pd Large SSA, and perfect dispersion of Pd NPs Hydrogenation of nitrophenol 232 

G-Ni-ZnO Effective separation of the photogenerated electron–

hole pairs 

~85% degradation of methyl orange in 6 h 233 

G-PdAg Well-dispersed nanoparticles, fast electron transfer, 

and high stability 

~100% degradation of 4-nitrophenol in 10 min 

Methanol oxidation and oxygen reduction reactions 

Electrocatalytic reduction of halocarbons 

234 

N-doped G-PdCu-C Large SSA, upshift of d-band center, and fast mass 

transfer 

Reduction Cr(VI) to Cr(III) 235 

G-Pd-Cu Excellent dispersion and high alloying degree of Pd-

Cu nanocrystals 

Formic acid electrooxidation 236 

G-Pt Large SSA, enhanced NPs dispersion, and more 

reactive sites 

H2 evolution reaction 237 

G-Pt Excellent stability of anchored Pt NPs on G surfaces ~25% conversion and >95% selectivity toward 

catalytic dehydrogenation of n-butane 

238 
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B- and N-co-doped 

G-Pt 

Porous networks, large SSA, numerous B and N active 

sites, homogeneous Pt dispersion, and good 

conductivity 

Methanol oxidation reaction 239 

N-doped G-PtAg High surface-active sites and controlled facets, and 

enhanced mass/electron transfer 

Electrooxidation of formic acid 240 

G-SiC Enhanced photogenerated electron transfer ~58.5% adsorption and degradation of 

perfluorooctanoic acid 

241 

N-doped G-SnO2 Ensemble effect between highly dispersed ultra-small 

SiO2 nanocrystals and N doping on graphene sheet 

Electroreduction of CO2 242 

G-Ti Enhanced visible-light absorption and photoexcited 

electron transfer 

>99.2 degradation of 4-chlorophenol in 2 h 243 

G-Ti-Ni Enhanced light absorption, and decreased 

recombination of photogenerated electron-hole pairs 

~100% degradation of methylene blue in 1.5 h 244 

G-TiO2 Fast kinetics of direct electron transfer, and effective 

separation of photogenerated holes and electrons 

Detection of NO2
- ion with the linear range of 0.5-

9000 μM and detection limit of 0.225 mM 

245 

G-TiO2 Inhibited particle aggregation, accelerated electron 

separation and transfer 

~88% degradation of dibutyl phthalate in 1.5 h 246 

G-TiO2 Facile interfacial charge separation, and effective 

charge separation and transfer 

~97% degradation of methyl blue in 2 h 247 

G-TiO2 Large SSA, and rapid photoinduced charge transfer ~95% photocatalytic conversion of benzylamine 

Photocatalytic CO2 reduction 

248 

G-TiO2 High conductivity, enhanced adsorption, and rapid 

separation of photogenerated charge 

~100% photoelectrocatalytic degradation of low-

concentration of bisphenol A 

249 

G-TiO2 Enhanced electrical conductivity and photoinduced 

charges separation and transfer 

~90% photocatalytic degradation of gaseous 

formaldehyde 

250 

G-TiO2-Mo Enhanced visible-light absorption, enhanced electron-

hole separation, high SSA, and surface defects 

~100% degradation of methylene blue in 30 min 251 

G-TiO2-Pt Carbon atom besides SOx is the active site for indirect 

oxidation for the HO• generation 

Direct oxidation of acetaminophen 252 

G-TiO2-MoS2 Lower charge recombination, and higher photocurrent 

density 

Photocatalytic CO2 reduction 253 

G-TiO2-NZVI Facilitated photogenerated charges separation, 

enhanced surface activity of NZVI, and improved 

contaminant adsorption ability 

~99.3% removal of metronidazole in 80 min 254 

G-TiO2-WO3 Promoted separation of photogenerated electron-hole 

pairs 

~75.1% degradation of dimethyl phthalate in 2 h 255 

G-UIO66 Fast photogenerated electron-hole pairs separation Photocatalytic CO2 reduction 256 

G-WO3 Enhanced SSA and light absorption, and fast 

separation rate of electron-hole pairs 

~99.1% removal of enrofloxacin in 1 h 257 

G-ZnO Promoted effective charge separation of electron-hole 

pairs 

~100% degradation of methyl orange within 2.5 h 258 

G-ZnO Enhanced dye adsorption, and effective transfer of 

photoelectrons 

~60% removal of methylene blue in 2 h 259 

S-doped-graphene-

ZnO 

Fast interfacial charge transfer, enhanced light 

absorption, and narrow bandgap 

Detection of acetamiprid 260 

G-ZnO-ZnAl2O4 Efficient charge separation efficiency, enlarged visible 

light adsorption range, and chemical stability of 

nanohybrids 

~95% degradation of ciprofloxacin in 2 h 261 

GO-Ag-polyamide hydrophilic groups and one-atom-thick structure with 

lateral dimensions of 3-20 nm, large SSA, abundant 

reactive sites, enhanced particle dispersion 

A water flux of 39.1 L/m2/h and a NaCl rejection rate 

of 98.9% at 16 bar, reflecting a remarkable promotion 

in the flux (44.3%) 

Strong bactericidal capacity against both gram-

negative E. coli (98.6%) and gram-positive S. aureus 

(96.5%) 

262 
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GO-Ag Enhanced co-dispersion of GO and Ag NPs, large 

SSA, abundant reactive sites, enhanced Ag+ ion and 

reactive oxygen species (ROS) production 

>95% inhibition of E. coli 263 

GO-Ag Enhanced particle dispersion, large SSA, more 

abundant surface-reactive sites, and antimicrobial 

properties from the nanohybrids 

Decreased relative abundance for Acidobacteria and 

Cyanobacteria, but increased relative abundance for 

Firmicutes  

264 

GO-Ag3PO4 Enhanced visible-light absorption, charge separation 

efficiency, and lifetime of Ag3PO4 

~100% degradation of tetrabromobisphenol A in 1 h 265 

GO-Ag3PO4 Surface plasmon resonance, effective separation of 

electron-hole pairs 

~100%, ~85%, and ~100% degradation of 

phenanthrene, naphthalene, and pyrene, respectively 

266 

GO-Ag3PO4-Ag-

BiVO4 (040) 

Suppression of charge recombination, high specific 

surface area, and desirable absorption capability of 

Ag/Ag3PO4/BiVO4/RGO 

~94.96% removal of tetracycline in 1 h 267 

GO-Ag-Fe Fast charge transfer Oxygen evolution reaction 268 

GO-Ag-TiO2 High Ag dispersion, surface plasmon resonance, large 

SSA, enhanced visible-light absorption, and excellent 

photoinduced electron transfer  

~90% degradation of methylene blue in 2 h 269 

GO-Ag-TiO2 Surface plasmon resonance, enhanced light absorption, 

and inhibited recombination of photogenerated 

electron-hole pairs 

~60% degradation of phenol in 3 h 270 

GO-Al Electrostatic interactions, hydrophobic interactions, p-

p stacking interactions, and hydrogen bonding 

interactions 

Qmax for methyl orange is 400 mg/g 271 

GO-Al2O3 Enhanced particle dispersion, and additional reactive 

sorption sites 

Qmax for U(VI) is 142.8 mg/g at pH 6.5 272 

GO-Au Enhanced visible-light absorption, and increased 

separation of photogenerated electrons and holes 

~83% degradation of rhodamine B in 3 h, and 77.4% 

reduction of Cr(VI) in 4 h 

273 

GO-Au-Co3O4 Adsorption of tetracycline-resistant genes (tetA) by 

GO and Au NPs, and cleavage effect of cobalt 

oxide/cobalt ions 

4.6logs of the binding efficiency towards tetA 274 

GO-Au-P5W30 Large number of active sites and good electron 

conducting ability 

Electrocatalytic reduction of H2O2 275 

GO-B-Ni-Fe Inhibited particle aggregation, and high electron 

transfer 

~100% dechlorination of trichloroethylene in 1 h 276 

GO-Bi Enhanced contaminant adsorption, and electron 

transfer 

~99.7% degradation of 4-nitrophenol in 15 min 277 

GO-Bi Surface plasmon resonance, and enhanced 

photogenerated electron separation and transfer 

~50% photocatalytic removal of NO gas 278 

GO-β-Bi2O3-TiO2-

Bi2Ti2O7 

Low bandgap, high surface activity, broaden light-

absorption spectrum, enhanced generation of electron-

hole pairs, and rapid transfer of electron 

>99% degradation of carbamazepine and 

acetaminophen  

279 

GO-CdS Efficient electron separation and transfer ~97.1% degradation of methylene blue in 2 h 280 

GO-CdS-CoP Numerous surface active sites, quick charge transfer, 

and efficient adsorption of water molecule 

Photocatalytic hydrogen generation activity of 1.104 

mmol/h 

281 

GO-Co-Ni Enhanced particle dispersion, and abundant active 

sites for reaction 

Catalytic reduction of toxic CO 282 

GO-Cr Electrostatic interaction, and hydrogen bonding Adsorptive removal of naproxen [2-(6-

methoxynaphthalen-2-yl)propanoic acid] (Qmax = 155 

mg/g) and ketoprofen [2-(3-benzoylphenyl)propanoic 

acid] (Qmax = 100 mg/g) 

283 

GO-CoFe2O4 Large SSA, surface oxygen species, and Co2+ ion   ~100% degradation of norfloxacin in the presence of 

peroxymonosulfate in 20 min 

284 

GO-Co3O4 Inhibited particle aggregation, large SSA, and 

abundant reaction active site 

Aerobic oxidation of arylalkanes 285 



S19 

GO-Co-Al Abundant catalytic reactive sites, oxygen vacancies, 

and lattice oxygen sites  

Catalytic oxidation of benzylic and unsaturated 

alcohol 

286 

GO-CoS2-Co3S4 Abundant surface-active sites, and enhanced charge 

transfer 

Photoelectrochemical H2 evolution 287 

GO-CuFe2O4 Ion exchange and surface complexation Qmax for As(III) and As(V) is 51.64 and 124.69 mg/g, 

respectively 

288 

GO-CuInS2 Large density of exposed active sites and effective 

photogenerated electron transfer 

~90% degradation of 2-nitrophenol in 2 h 

~86.5% removal of chemical oxygen demand of real 

pharmaceutical wastewater in 11 h 

289 

GO-Cu1.8S Large SSA, and synergistic effects between Cu1.8S and 

GO 

Catalytic C-O coupling 290 

GO-88A(Fe) Large SSA, enhanced dye adsorption, and accelerated 

separation of electron-hole pairs 

~100% degradation of rhodamine B in 80 min 291 

GO-Fe-Al Surface complex formation ~92-95% removal of As(III) with Qmax of As(III) of 

42.3 mg/g 

292 

GO-Fe2.8Ce0.2O4 Enhanced visible-light absorption, and excellent 

separation and transfer of photoinduced electron-hole 

pairs 

~100% degradation of oxytetracycline in 2 h 293 

GO-Fe-Mn Surface complexation and chemical precipitation of 

Hg 

At doses of 0.4% and 0.8%, GO-Fe-Mn can reduce 

H2O, H2SO4 and HNO3, CH3COOH, and CaCl2-

extractable Hg by 90.3-98.9% and 96.5-98.9%, 

respectively, upon equilibrium after 72 d 

294 

GO-γ-Fe2O3 High particle stability, accelerated charge separation in 

Fenton-like photocatalytic process 

~100% degradation of methylene blue in 80 min 295 

GO-Fe3O4 Excellent stability, small pore size, and good 

hydrophilicity 

Qmax for As(III) and As(V) is 25.1 and 74.2 mg/g, 

respectively 

296 

GO-Fe3O4 Inhibited particle aggregation, larger SSA, and lower 

zeta potential 

Qmax for methyl violet is 117.35 mg/g at pH 7.0 and 

303 K 

Qmax for U(VI) is 219.71 mg/g at pH 5.0 and 293 K 

297 

GO-Fe3O4 Homogeneous and stable dispersion of Fe3O4 NPs, 

increased number of chemically active sites, and 

enhanced Fenton-like catalytic reaction 

~100% degradation of rhodamine B in 50 min, and 

~100% degradation of methylene blue in 1 h 

298 

GO-Fe3O4 Inhibited particle aggregation, large SSA, and high 

stability 

Qmax for rhodamine B and methylene blue is 31.0 and 

22.2 mg/g, respectively 

299 

GO-Fe3O4-SiO2-

chitosan 

Enhanced particle dispersion, large SSA, abundant 

reactive sites, and electrostatic and π-π interactions 

Qmax for tetracycline is 183.47 and 67.57 mmol/kg, 

respectively, with and without Cu(II) 

300 

GO-Fe3O4-TiO2 Fast electron-hole pairs separation, and production of 

hydroxyl radicals 

>90% removal of amoxicillin trihydrate in 2 h 301 

GO-Fe (NZVI)-Cu Enhanced particle dispersion, large SSA, more 

abundant reactive sites, and inhibited NP dissolution 

Qmax for tetracycline is 201.9 mg/g  

GO-K2Ti6O13 Maximized contact area, enhanced contaminant 

adsorption, and effective prevention of the 

recombination of photogenerated electrons and holes 

~100% removal of Rhodamine B in ~3 h 302 

GO-MgFe2O4 Large SSA, enhanced particle dispersion, and more 

surface reactive sites 

Qmax for Ni(II) and Pb(II) is 100.0 and 143.0 mg/g, 

respectively 

303 

GO-

Mg3Si4O9(OH)10 

MgSi lamella rather than GO plays a dominant role in 

adsorption 

Qmax for Eu(III) is 344.82 mg/g 304 

GO-MnFe2O4 Inhibited particle aggregation, and more absorption 

sites for Pb(II) 

Qmax for Pb(II) is 263.2 mg/g 305 

GO-MnFe2O4 Large SSA and inhibited aggregation of MnFe2O4 Qmax for La3+ and Ce3+ is 1001 and 982 mg/g, 

respectively 

306 

GO-MnFe2O4-Pd Enhanced Pd dispersion, large SSA, and excellent 

electron transfer 

Reduction of p-nitrophenol 307 

GO-MnO2 More abundant reactive sites, and enhanced electron 

transfer 

Catalytic ozonation of cephalexin 308 
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GO-MoS2 Modulation of interlayer spacing and ion-nanochannel 

interactions 

Cation (Cu2+ and Na+) trans-membrane transport 309 

GO-MoS2 High SSA, and excellent electron separation and 

transfer 

Photocatalytic H2 evolution 310 

GO-MoS2 Abundant active sites, excellent conductivity, and 

facilitated charge transfer 

Hydrogen evolution reaction 311 

GO-MoS2-CuInZnS High SSA, abundant active sites, and excellent 

electron separation and transfer 

Hydrogen evolution reaction 310 

GO-Nb2O5 Enhanced photoinduced charge separation and transfer ~100% degradation of 4-chlorophenol in 2 h 

~92% reduction of Cr(VI) in 3 h 

312 

GO-Ni Electrostatic and acid-base interactions Qmax for methylene blue is 274 mg/g 313 

GO-Ni Donor-acceptor reactions between gas and GO-Ni CO2 and N2 gas adsorption 314 

GO-Ni(OH)2 Large SSA, inhibited particle aggregation, abundant 

active sites, and excellent electric conductivity 

Urea oxidation reaction 315 

GO-NiFe Large SSA, abundant surface-active sites, electrostatic 

attraction, ions exchange, and π-π interaction 

Qmax for Congo red, methyl orange, and Cd(VI) is 

489, 438, and 53.6 mg/g, respectively  

316 

GO-NZVI-

polyvinylidene 

fluoride 

Improved hydrophilicity, enhanced NZVI 

immobilization and dispersion,   

~100% removal of Cd and 82% removal of 

trichloroethylene, respectively 

317 

GO-Pt 

RGO-Pt 

Presence of large amount of free radical like-carbon, 

long-range direct/indirect exchange or interaction 

between graphene matrix, fragmented graphitic zones, 

C-defects non-bonding localized electronic states and 

flat-band quasi-localized states induced by the point 

defects 

Photocatalytic H2 production 318 

GO-SiO2-Ti Large SSA, and good hydrophilicity Selective extraction of phosphorylated peptides 319 

GO-Ti High Ti dispersion, high electronic conductivity, and 

low photogenerated electron-hole recombination rate 

Photocatalytic oxidation of gaseous nitric oxide 

(NOx) and acetaldehyde 

320 

S, N-co-doped G-

TiO2 

Enhanced local proton activity and oxygen 

concentration on the catalyst surface, unaltered two-

electron oxygen reduction reaction pathways, 

promoted charge transfer, and enhanced proton 

activity and oxygen diffusion 

Photocatalytic production rate of H2O2 is 373 μM/h 321 

GO-TiO2 Large SSA, enhanced particle dispersion, abundant 

surface active sites, enhanced visible-light absorption, 

and formation of light-induced h+,  

~100% and ~90% removal of oxytetracycline under 

solar and visible light irradiation 

322 

GO-TiO2 Large SSA, enhanced particle dispersion, facilitated 

charge separation, and reduced electron-hole pairs 

recombination 

~100% removal and ~82% mineralization of 

Primidone 

323 

GO-TiO2 Large SSA, enhanced particle dispersion, and ligand 

exchange and π-π interactions 

Qmax for chlorotetracycline is 261.10 mg/g 324 

N-doped GO-TiO2 Large SSA, enhanced particle dispersion, facilitated 

charge separation, and reduced electron-hole pairs 

recombination 

~80% degradation of cefixime in 2 h 325 

GO-TiO2 Abundant oxygen groups, enhanced light absorption, 

altered bandgap, and enhanced interfacial electron 

transfer 

~90% degradation of methylene blue in 2 h 326 

GO-TiO2 Inhibited particle aggregation, and abundant edges, 

defects, and surface groups 

Adsorption and degradation of dimethyl 

methylphosphonate 

327 

GO-TiO2-Bi2WO6 Enhanced light absorption, and inhibited 

recombination of photogenerated electron-hole pairs 

~24% degradation of ethylene in 4 h 328 

GO-TiO2-polyamide High surface roughness, better hydrophilicity, and 

abundant surface functional groups 

High permeance of 2820 GPU and water/nitrogen 

selectivity 

329 

GO-ZnWO4 Increased separation of electron-hole pairs, eliminated 

hydrogen-related defect on ZnWO4 surfaces 

Harmful marine microorganisms were deactivated at 

2 V bias in 8 min under light irradiation 

330 
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GO-ZnO-CdS Excitation energy transfer effect Detection of Hg2+ level in the range of 5 – 500 pM 

and the detection limit of 1.5 pM   

331 

GO-ZnO-ZnFe2O4 Large SSA, more surface-active sites, and presence of 

amine group 

Qmax for Cr(VI) removal is 109.89 mg/g at 303 K 332 

GO-ZrO2-

polyamidoamine 

Inhibited particle aggregation, large SSA, and 

abundant reactive sites 

Qmax for AsO3
3- is 1.075 mmol/g 333 

Ti-doped Zr-Sn-GO Heterogeneous catalytic synthesis ~85.1% and 81% for propylene carbonate conversion 

and dimethyl carbonate yield, respectively 

334 

GO-Zr-La-cellulose Large SSA, enhanced particle dispersion, and more 

surface-active sites 

Adsorptive removal of flroride 335 

GO-TiO2-Sr(OH)3-

SrCO3 

Enhanced light absorption, and separation of 

photoexcited electron-hole pairs 

~90% degradation of phenanthrene in 6 h 336 

RGO-Ag Enhanced adsorption capacity, prolonged lifetime of 

photogenerated electron-hole pairs, and effective 

interfacial hybridization 

~90% degradation of rhodamine B in 80 min 337 

RGO-Ag 

RGO-Fe3O4 

RGO-Ag-Fe3O4 

Strong adsorption of contaminants by nanohybrids, 

and nanohybrids activate persulfate to produce strong 

oxidizing SO4•– for contaminant degradation and 

facilitate electron transfer 

Degradation of pharmaceuticals and endocrine 

disrupting compounds of phenol, acetaminophen, 

ibuprofen, naproxen, bisphenol A, 17β-estradiol, and 

17α-ethinyl estradiol 

338 

RGO-Ag-AgBr Enhanced electron separation and transfer Degradation of 2-chlorophenol (100% in 40 min), 

phenol (80% in 2 h), bisphenol A (80% in 2 h), and 

diphenhydramine (~70% in 2 h) 

339 

RGO-Ag-AgBr Enhanced charge transfer and LSPR of Ag NPs, and 

the “electron sink” effect of Ag NPs results in further 

enhanced charge transfer and boosted photoactivity 

~100% disinfection of E. coli in 20 min 340 

N-doped RGO-Ag-

AgCl-Ti 

Surface plasmon resonance, narrowed bandgap, and 

low recombination of photogenerated electron-hole 

pairs 

~100% degradation of rhodamine B in 35 min 341 

RGO-Ag-Bi2Fe4O9 This system is defined as “integrated technology” that 

involves varied disinfection processes/mechanisms of 

RGO-assisted Ag+ release, Ag-assisted Fenton 

reaction, Ag/RGO co-assisted photocatalysis and Ag-

assisted photo-Fenton oxidation 

Effective (~100%) disinfection for Gram-negative (E. 

coli) and Gram-positive (S. aureus) pathogens in 20 

min 

342 

RGO-Ag-Cu2O Inhibited aggregation of Ag NPs, surface plasmon 

resonance, and suppressed recombination of electron-

hole pairs 

~100% degradation of phenol in 3.5 h 343 

RGO-Ag-TiO2 RGO facilitates the transfer of hot electrons from Ag 

to TiO2 nanosheets 

Photocatalytic H2 evolution 344 

RGO-Ag2CrO4-

BiFeO3 

Enhanced light absorption, surface plasmonic 

resonance, successful formation of Z-scheme which 

assists in efficient charge transfer, reduced 

recombination, and wide spectrum response 

99.6% BrO3
− photoreduction and 96.3% ciprofloxacin 

photo-oxidation in 1.5 h 

CH4 generation rate of 260 μmol/g 

345 

RGO-Ag2S-MoS2 Enhanced active site density, and improved electric 

conductivity at the interfaces between MoS2 and Ag2S 

H2 evolution reaction 346 

RGO-Ag3PO4-ZrO2 Enhanced light absorption, shortened bandgap, 

improved electron transfer, and enhanced adsorption 

and photocatalytic degradation of contaminant 

97% removal of 4-nitrophenol in 1.5 h 

Qmax is 26.88 mg/g for 4-nitrophenol 

347 

RGO-Amorphous 

carbon (AC)-Pd 

Synergetic effect of the RGO/AC confined interface 

and the atomically dispersed Pd, and maximized 

atomic efficiency in heterogeneous catalysis 

Catalytic reduction of 4-nitrophenol to 4-

aminophenol 

348 

RGO-Au Large SSA, inhibited particle aggregation, and 

enhanced electron separation and transfer 

~90% degradation of 9-anthraldehyde 349 

RGO-Bi-Bi5O7I Large SSA, large amount of charge channels, surface 

plasmon resonance, and efficient charge pair 

~95% degradation of levofloxacin in 1 h 350 
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separation, ultrafast electron migration, and excellent 

light harvest efficiency 

RGO-Bi-SnO2 Surface plasmon resonance, and prevented 

recombination of electron-hole pairs 

~90% degradation of rhodamine B in 3.5 h 351 

RGO-BiFeO3-Pb Inhibited particle aggregation, large SSA, and 

promoted separation of photogenerated electron-hole 

pairs 

~69.6% removal of perfluorooctanoic acid after 8 h 

UV irradiation 

352 

RGO-BiOCl-Bi2O3 Enhanced visible-light absorption, proper bandgap, 

and efficient charge separation in Z-scheme system 

>95% degradation of 2-nitrophenol in 2 h 

~70.3% removal of COD of a real industrial 

wastewater 

353 

N-doped RGO-BiOI Enhanced charge separation, migration, and inhibited 

recombination  

>90% degradation of rhodamine B in 1.5 h 354 

N-, S-co-doped 

RGO-CdS 

Better charge separation, wider light absorption, 

smaller bandgap, and decreased H adsorption Gibbs 

free energy 

Photocatalytic H2 production 

~100% degradation of 4-nitrophenol in 6 min 

355 

RGO-BiPO4 Photoelectrochemical effect A linear detection of chlorpyrifos in the range of 

0.05-80 ng/mL and detection limit of 0.02 ng/mL 

356 

RGO-BiVO4 Photoelectrochemical (PEC) immunosensing system Detection of H2O2 in the range of 10 pg/mL to 80 

ng/mL and detection limit of 3 pg/mL 

357 

RGO-CeO2 large SSA, and separation of electron–hole pairs ~96% degradation of methylene blue in 3 h 358 

RGO-CeVO4-

BiVO4 

Efficient electron-hole separation and charge 

transportation in the Z-scheme configuration 

~100% degradation of tetracycline in 1 h 359 

RGO-Ce-WO3 Promoted electron transfer, and abundant reactive sites   ~100% degradation of ciprofloxacin after 1 h and 

~98.55% mineralization degree after 8 h  

360 

RGO-CdS Enhanced light absorption, and quick electron transfer Detection of Cu2+ with the linear range of 0.5-120 μM 

and detection limit of 16 nM  

361 

RGO-CdS-CoP Abundant surface active sites, quick charge transfer, 

efficient H2O adsorption, and newly built in electric 

field for accelerated separation of photogenerated 

electron-hole pairs 

Photocatalytic H2 evolution rate of 1.104 mmol/h 362 

RGO-CdS-ZnO Synergy of high electron mobility of ordered 1D ZnO, 

extended visible‐light absorption of CdS nanocrystals, 

and the formed type II band alignment between them, 

and promoted charge carrier separation 

Detection of glutathione in the range of 0.05-1 mM 

and detection limit of 10 μM 

363 

RGO-CNT-CdTe Enhanced visible light absorption, and resonance 

energy transfer effect 

Detection of acetamiprid in the range of 0.5 pM to 10 

μM and detection limit of 0.2 pM 

364 

RGO-Co Nanohybrids activate peroxymonosulfate for 

contaminant degradation 

~100% degradation of rhodamine B and 

pentachlorophenol in the presence of 

peroxymonosulfate in 20 min 

365 

RGO-CoFe2O4 SO4
•−, •OH and HSO5

•- are probably the three free 

radicals in the organic degradation with 

peroxymonosulfate catalyzed by cobalt 

Average removal efficiency of Hg0 in a 30 min period 

reached 95.56%, when RGO-CoFe2O4 dosage was 

0.288 g/L, peroxymonosulfate concentration was 

3.5 mmol/L, solution pH was 5.5, and reaction 

temperature was 55 °C 

366 

N-doped RGO-

CoFe2-xZrxO4 

Incorporation of foreign Zr4+ ion into cobalt ferrite 

spinel lattices 

Oxygen reduction and evolution reactions 367 

RGO-CoMoO4 Fast electron transfer, and inhibited particle 

aggregation 

Oxygen reduction reaction 368 

RGO-CoO 

RGO-Pt 

RGO-G-Fe3C 

RGO-G-Fe3C-Co 

RGO-N-doped G-

Fe3C-Fe 

Better adherence of different inorganic nanostructures 

onto RGO 

Oxygen evolution and reduction reactions 369 

RGO-Co3O4 π-π interactions Qmax for rhodamine B is 102.9 mg/g 370 
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N-doped RGO-

Co3O4 

Large SSA, and inhibited particle aggregation Oxygen reduction reaction 371 

RGO-Co(OH)2 Enhanced contaminant adsorption, rapid charge 

transfer and conduction, and intimate contact of 

contaminant with Co(OH)2 

>94.5% degradation of levofloxacin in 30 min in the 

presence of Oxone 

372 

RGO-Co9-xFexS8 High dispersity, and enhanced conductivity from RGO 

coating and Fe-doping 

Electrocatalytic oxygen reduction and evolution 373 

N, P-co-doped 

RGO-Co2P2O7 

Abundant heteroatom defects, and enhanced electron 

conductivity and corrosion resistance 

Oxygen reduction reaction 374 

RGO-Cu Surface plasmon resonance, suppressed recombination 

of electron-hole pairs, and rapid electron transfer to 

reactive sites for H2 evolution 

Photocatalytic H2 evolution 375 

RGO-Cu Large SSA, and high electrical conductivity Electrochemical CO2 reduction 376 

RGO-CuBO2 Large effective surface area, high surface roughness, 

charge imbalance between CuBO2 and RGO, and 

enhanced electron transport 

Photocatalytic H2 production 377 

RGO-CuCo2S4 Large SSA, and excellent electron transfer Catalytic activities in the Sonogashira coupling 

reaction 

378 

RGO-Cu3-xNixAl Highly dispersed ultrasmall Cu2O nanoparticles, 

strong promotion of the doping of atomic-level 

dispersed Ni2+ ions, and enhanced adsorption capacity 

for reactants upon π-π stacking and the unique 

honeycomb-like nanosheet array morphology 

~100% degradation of 4-nitrophenol in 1.5 h 379 

RGO-Fe Uniform dispersion of Fe on RGO, large SSA, and 

abundant reactive sites 

~93% removal for methylene blue 380 

RGO-Fe3O4 Large SSA, enhanced light absorption, and enhanced 

separation of electron-hole pairs 

~99% degradation of 2-methylisoborneol in 3 h 381 

RGO-Fe3O4 Large SSA and pore volume, numerous wrinkles, 

inhibited particle aggregation, and π-π interactions 

Qmax for phenanthrene is 34.37 mg/g 382 

RGO-Fe3O4 Inhibited particle aggregation, increased 

hydrophilicity, and enhanced contaminant adsorption 

via hydrogen bonding, π-hydrogen bonding, π-π 

interactions and interactions between Fe3O4 NPs and 

contaminants 

Qmax for ciprofloxacin and tetracycline is 2.78 and 

4.76 mmol/g, respectively 

383 

RGO-Fe3O4 Large SSA, and inhibited particle aggregation Heterogeneous catalysis for arylation/alkylation of 

benzothiazoles 

384 

RGO-Fe3O4 Enhanced contaminant adsorption, and inhibited 

aggregation of Fe3O4 NPs 

Qmax for norfloxacin and ketoprofen is 158.1 and 

468.0 mg/g, respectively 

~100% degradation of norfloxacin in 3.5 h with the 

addition of persulfate(S2O8
2–) 

385 

RGO-FeO(OH) Extensive electron transfer channels and active sites, 

and tight connection of FeO(OH) and RGO 

~100% degradation of 4-chlorophenol in 80 min 386 

RGO-FeOOH-C Enhanced transmission rate of photoelectron in photo-

Fenton reaction and high stability of the photocatalyst 

~100% degradation of phenol and quinoline in 1 h 387 

RGO-α-FeOOH-

ethylene glycol 

The increase in electron density disparity in the 

material and the promoted role of tetracycline as an 

electron donor are responsible for the enhanced 

tetracycline removal 

~100% removal of tetracycline in 160 min 388 

RGO-Fe-Mn Inhibited particle aggregation, large SSA, and 

abundant reactive sites 

Qmax for As(III) and As(V) is 78.7 and 55.6 mg/g, 

respectively 

389 

RGO-Fe3O4-NiSx Excellent electron transfer avenues Electrocatalytic H2 evolution 390 

RGO-Fe3O4-β-

cyclodextrin 

Inhibited particle aggregation, and excellent 

electron/charge separation and transfer 

~100% degradation of Bisphenol A in 0.5 h 391 
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RGO-Fe-N-C High SSA, fast mass transfer and accessible active 

sites, and abundant Fe-based (Fe3O4 and Fe4C) and Fe-

Nx catalytic sites 

Oxygen reduction reaction 392 

RGO-Fe-Ni Low internal resistance, high electron/ion transfer rate, 

and capacitive storage of electrons 

>99% degradation of trichloroethylene in 1 h 393 

RGO-FexOy-N-

doped C 

Inhibited particle aggregation, large SSA, abundant 

active sites, and fast mass and charge transport  

~100% degradation of rhodamine B in 1.5 h 394 

RGO-In2O3 Large SSA, enhanced particle dispersion, and 

abundant surface reactive sites 

Electrocatalytic CO2 reduction 395 

RGO-K2xMnxSn3-

xS6 

Highly porous stacked structure, abundant surface 

reactive sites, and ion exchange 

Qmax for Cs+ and Sr2+ is 338.18 and 220.12 mg/g, 

respectively, based on Langmuir adsorption isotherm 

simulation 

396 

RGO-La2Ti2O7-

NiFe 

Enhanced charge separation Photocatalytic H2 generation 397 

RGO-MgAl-NZVI Better dispersivity, improved hydrophilicity, more 

positive surface, inhibited particle aggregation, and 

large SSA 

~100% removal of Cr(VI) in 2 h 398 

RGO-Mn2CoO4 Large SSA, abundant Lewis acid sites, and three-

dimensional architecture 

Catalytic reduction for NH3-SCR of NOx (100% 

conversion) 

399 

RGO-Mn-Ce More reaction space, facilitated electron transfer and 

binding sites 

~90% catalytic oxidation and adsorption of elemental 

mercury 

400 

RGO-γ-MnO2-

ZnFe2O4 

Large SSA, Enhanced particle dispersion, and 

abundant catalytically-active sites 

~100% degradation of phenol in 25 min with 

presence of peroxymonosulfate 

401 

RGO-Mo2C 

 

Uniformly dispersed electrocatalysts with robust 

catalytic activity and high stability for electrochemical 

water splitting 

H2 evolution reaction 402 

RGO-Mo2C 

RGO-Fe3C 

RGO-WO2-WO3 

Efficient interfacial charge transfer, enhanced hole 

trapping ability, and enlarged lifetime of 

photogenerated electron-hole pairs 

Hydrogen evolution reaction 403 

RGO-MoP Increased electrical conductivity, large active surface 

area, and enhanced electronic transport 

Hydrogen oxygen reaction 404 

RGO-MoS Synergistic effect between RGO and MoS in electro-

catalytic detection of H2O2  

H2O2 reduction 405 

V- and N-co-doped 

RGO-MoS2 

New defect sites, expanded interlayer spacing, 

optimized electronic structure, and excellent electric 

conductivity for charge separation and transfer 

Hydrogen evolution reaction 406 

RGO-MoS2 Large SSA, tunable bandgap, enhanced light 

absorption, and excellent electron separation and 

transfer 

Hydrogen evolution reaction 407 

RGO-MoS2 Large SSA, and inhibited particle aggregation Qmax for Cd(II) and Hg(II) is 824.0 and 447.9 mg/g, 

respectively 

408 

RGO-MoS2 High SSA, and synergetic effect between MoS2 

nanosheets and the nanohybrid matrix 

Electrocatalytic H2 evolution 409 

RGO-MoS2-CdS Effective separation of photogenerated charge carriers, 

and improved surface shuttling for H2 production 

Photocatalytic H2 evolution 410 

RGO-MoS2-Mn High conductivity, and Mn-doping into the S-edge of 

MoS2 

Hydrogen evolution reaction 411 

RGO-MoS2-

NiCo2O4 

Dual charge transfer pathway yielding more 

photoinduced charge carriers and suppressed of 

electron-hole recombination 

Solar H2O splitting 

~95% degradation of rhodamine B in 1.5 h 

412 

RGO-MoS2-red 

phosphorus 

Increased number of excited electrons/holes, and 

enhanced separation efficiency of charge carriers 

~100% removal of rhodamine B and Cr(VI) in 30 min 413 

RGO-MoS2-SnO2 Inhibited particle aggregation, and fast electron 

transfer 

Electrocatalytic H2 evolution 414 

RGO-MoS2-ZnO Plenty of active sites, and improved charge transfer Photocatalytic H2 evolution 415 
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RGO-MoS2-ZnS Altered bandgap, and facilitated charge separation and 

transfer 

~90% degradation of 2-nitrophenol in 3 h 

~74% removal of COD of real industrial effluent 

416 

N-doped RGO-

MoS2-Ni3S4 

Abundant active sites, and benefited electron transfer Hydrogen evolution reaction 417 

RGO-MoSe2 Improved conductivity, and excellent electron/mass 

transport 

Hydrogen evolution reaction 418 

RGO-MS2-Ag3PO4 Z-scheme consumption and transfer of photogenerated 

electrons 

~100% degradation of 4-nitrophenol in 20 min 419 

RGO-NaTaO3 Efficient charge separation Photocatalytic H2 production 420 

RGO-NiFe2-xCoxO4 Enhanced NP dispersion, abundant surface-active 

sites, and free radical, surface-bound radical, and 

nonradical processes for contaminant degradation with 

persulfate 

~100%, ~100%, ~60%, ~50%, and 20% degradation 

of bisphenol A, ciprofloxacin, methyl orange, and 

Rhodamine B in 15 min in the presence of persulfate 

421 

RGO-Ni-Pd Inhibited particle aggregation and large SSA for 

reaction  

Heterogeneous catalyst for C-H bond arylation of 

imidazo[1,2-a]pyridine with aryl halides 

422 

RGO-Ni2P Unique architectural characteristics like accelerated 

charge transfer, high dispersion of nano-catalyst, and 

full exposure of electrocatalytic active sites 

Oxygen evolution reaction 423 

RGO-NiPO Efficient electron transfer in the GO-NiPO interface Photocatalytic H2 production of 9000 µmol/g/h 424 

RGO-NiO-NiCo2O4 Large SSA, large number of pores in the 

nanoheterostructures, and good chemical tunability 

Oxygen evolution reaction 425 

RGO-NZVI 

RGO-

polydopamine-

NZVI 

Inhibited particle aggregation, weakened NZVI 

surface oxidation, and abundant active sites 

~45% and 99.6% removal of trichloroethylene using 

RGO-NZVI and RGO-polydopamine-NZVI, 

respectively 

426 

RGO-

polydopamine-

NZVI 

Inhibited particle aggregation, large SSA, and 

excellent electric conductivity 

~95.9% and ~98.7% removal of phenanthrene in the 

presence of sodium persulfate and 

peroxymonosulfate, respectively 

427 

RGO-NZVI Inhibited particle aggregation, high SSA, and 

nanohybrids activate peroxymonosulfate for 

trichloroethylene degradation  

~100% degradation of trichloroethylene in 10 min 428 

RGO-NZVI Large SSA, and inhibited particle aggregation Qmax for trinitrotoluene is 41.88 mg/g 429 

RGO-PANI-Ni-Pd Unique nanostructure, enhanced particle dispersion, 

and abundant surface reactive sites 

The highest borohydride oxidation current density 

(42678 A/g) 

430 

RGO-Pb-BiFeO3 Cell membrane damage and oxidative stress due to 

HO• 

High disinfection activity for E. coli and S. aureus 

under visible-light irradiation (λ ≥ 400 nm) 

431 

RGO-PdP2 Large SSA, and inhibited particle aggregation Ethanol electrooxidation 432 

RGO-Pd-Au Presence of metal NPs, amine group, and additional 

Au component that prohibit CO formation  

Catalytic CO2 hydrogenation 433 

RGO-Pd-NiO-CNT Synergistic effect between Pd and NiO active sites, 

inhibited particle aggregation, and easy electron 

charge transfer 

Ethanol electrooxidation 434 

RGO-Pt Enhanced production of H⁎, and unique ability of 

RGO-Pt particles to adsorb atomic H⁎ 

>80% dechlorination of trichloroacetic acid in 40 min 435 

RGO-Pt Rich porosity, abundant active sites, facilitated 

reaction kinetics, and outstanding structural stability 

Oxygen reduction and methanol oxidation reactions 436 

RGO-Pt Suppressed recombination of H2 and O2 due to amide-

functionalized RGO, and synergy of electrical 

properties  

Photocatalytic H2 evolution 437 

RGO-Pt Large SSA, fast charge transfer, and well dispersion Oxidation of methanol 438 

RGO-PtCu Abundant catalytically active sites, and accelerated 

electron transport 

Electrocatalytic oxygen reduction 439 

RGO-PtPdNi Altered electronic structure of PtPd alloy, enhanced 

electrochemical surface areas, facilitated charge 

transport, and reduced activation barrier for oxidation 

Electrooxidation of ethanol, ethylene, glycol, and 

glycerol 

440 
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RGO-Pt-Fe Large SSA, inhibited particle aggregation, and 

coupling between Fe-Pt and RGO 

Oxygen reduction reaction 441 

RGO-Pt-NiFe Large SSA, plentiful surface-active sites, and high 

dispersed Pt NPs 

~93% degradation of HCHO 442 

RGO-Pt-TiO2 Improved CO2 adsorption capability and 

photogenerated charges separation  

Selective photoreduction of CO2 to CH4 443 

RGO-Pt-TiO2 Enhanced light absorption, and well-dispersed Pt-TiO2 

on RGO  

~95% conversion of toluene and ~72% yield of CO2 444 

RGO-RuPd Large SSA, promoted particle dispersion, and 

abundant surface active sites 

Aqueous hydrogenation of 5-Hydroxymethylfurfural 

(HMF) 

445 

RGO-Se Single atom catalysis Oxygen reduction reaction 446 

RGO-SiO2-ZrO2 Formation of Zr–O–C and Si–O–C bonds improved 

the interfacial charge transfer, and excitation of excess 

unpaired electrons of Si/Zr accelerated the 

photoactivity 

~87% degradation of bisphenol A in 1.5 h 447 

RGO-Sn3O4 Extended light absorption, better charge separation 

and interfacial charge transfer 

Photocatalytic H2 evolution 448 

N-doped RGO-SnS2 Enhanced separation and transfer of photogenerated 

electrons and holes 

~100% removal of Cr(VI) in 2 h 449 

RGO-SnSe Enhanced interface effect, photo-Fenton-like catalytic 

reaction, and fast separation of electron-hole pairs 

~100% degradation of malachite green in 3.5 h 450 

N-doped RGO-TaOx Synergy between N-doped TaOx and N-doped RGO Oxygen reduction reaction 451 

GO-TiO2 

RGO-TiO2 

N-doped RGO-TiO2 

S-doped RGO-TiO2 

Large SSA, high O content of GO, uniform assembly 

of TiO2 and GO 

~90% removal of ozone in 3 h and ~95% removal of 

diphenhydramine in 1 h 

452 

GO-TiO2 

RGO-TiO2 

Structural improvement due to TiO2 loading, and 

enhanced water flux and contaminant retention rate 

Retention and degradation of p-nitrophenol, methyl 

orange, and direct red 

453 

RGO-TiO2 Enhanced particle dispersion, and inhibited charge-

carrier recombination 

~100% degradation of Clofibric acid in 6 h 454 

RGO-TiO2 Both generation of reactive oxygen species and the 

slower down recombination of electron-hole pairs by 

the reaction between persulfate and conduction band 

electrons 

~100% degradation of antipyrine <4 min with 

presence of persulfate 

455 

RGO-TiO2 Lower charge transfer resistance, and boosted charge 

transfer 

Evolution of oxalic acid 456 

RGO-TiO2 Enhanced charge carrier separation and transfer ~54% and 42% degradation of acetaldehyde and o-

xylene, respectively, in 3 h 

457 

RGO-In, S-

codoped-TiO2 

Reaction with •OH at the catalyst surface ~100% oxidation and ~95.5% mineralization of 

atrazine in 20 min 

458 

S-doped RGO-TiO2 Efficient visible light harvesting, and increased 

separation rate of photogenerated electrons and holes 

Photocatalytic H2O splitting 459 

RGO-TiO2-Ag-Pd High SSA, unique synergic effect of Pd and Ag 

species, and high electric transport property of RGO 

~94% and ~90% degradation of rhodamine B and 

methylene blue, respectively, in 50 min 

460 

RGO-TiO2-CdS Inhibited particle aggregation, and longer lifetime of 

charge carriers 

~90% degradation of ethylene 461 

RGO-TiO2-CdSe 

RGO-TiO2-CdSe-

CdS 

Higher light sensitivity, enhanced light adsorption, 

lower energy band gap, and suppressed recombination 

of electron-hole pairs 

Oxidation of aromatic alcohols 462 

RGO-TiO2-Nb Narrowed bandgap, promoted charge separation, and 

great contaminant adsorption 

>90% degradation of methylene blue in 100 min 463 

RGO-TiO2-Nb2O5 Increased contaminant adsorption, reduced particle 

aggregation, and efficient separation of electron-hole 

pairs 

~97% removal of methylene blue and 91% methyl 

orange in 4 h 

464 
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RGO-TiO2-Pt Enhanced light absorption, reduced band energy, and 

promoted light absorption and charge separation 

~80% degradation of methyl orange in 2 h 465 

RGO-TiO2-SiO2 Shortened electron transport distance, and increased 

charge separation of photogenerated electron-hole 

pairs  

>95% degradation of methyl orange, rhodamine B, 

and methylene blue in 20 min 

466 

RGO-TiO2-

polyaniline 

Promoted separation of electron-hole pairs ~100% degradation of bisphenol A and 2,4-

dichlorophenol in 4.5 and 3.5 h, respectively 

467 

RGO-TiO2-x-CDs Enhanced light absorption, dual channels for electron 

transport, and rapid transportation and effective 

separation of charge carriers 

~100% degradation and 82% mineralization of 

bisphenol A in 5 min 

>75% reduction of Cr(VI) 

468 

RGO-UiO-66-NH2 Large SSA, porous structure, and high electrical 

conductivity 

The nanohybrids can detect trace levels of 

ciprofloxacin down to 6.67 nM with a sensitivity of 

10.86 μA/μM, and a linear working range from 0.02 

to 1 μM 

469 

RGO-WO3 Inhibited recombination of electron-hole pairs, 

electrostatic interaction between positively-charged 

metal oxide NPs and negatively-charged microbes, 

and enhanced metal ion release 

~85% degradation of rhodamine B, and ~32% 

degradation of methylene blue 

Antimicrobial activity on B. subtilis and P. 

aeruginosa 

470 

RGO-WO3-WS2 Large SSA, rapid mass/charge transfer, and abundant 

catalytic active sites 

Electrocatalytic H2 evolution 471 

RGO-WSe2 More reactive sites, inhibited particle aggregation, and 

enhanced conductivity 

Hydrogen evolution reaction 472 

RGO-Zn-Fe Enhanced contaminant adsorption and charge 

separation efficiency 

~100% removal of paracetamol and As(III)  473 

RGO-Zn2SnO4 Large SSA, and fast electron transfer ~99.7% degradation of rhodamine B in 4 h 474 

RGO-ZnV2O6 Effective visible-light absorption, enhanced charge 

separation, and inhibited recombination of electron-

hole pairs 

Photoinduced CO2 reduction 475 

RGO-Zn-Fe-Ba π-π stacking Qmax for methylene blue is 19.03 mg/g 476 

RGO-Y2SiO5-Pr3+-

CaTiO3 

Light up-conversion property, inhibited hydrogen-

oxygen recombination, and enhanced charge transfer 

Photocatalytic H2 evolution 477 

RGO-ZnO Large SSA, retained redox capacity, and improved 

charge separation in the Z-scheme system  

Photoelectrochemical hydrogen evolution 478 

RGO-ZnO Surface enhancement and hindered recombination of 

electron-hole pairs 

Degradation of perfluorooctanoic acid and methyl 

orange 

479 

RGO-ZnO Enhanced separation and delayed recombination of 

electron-hole pairs 

~91% degradation of methylene blue in 1 h 

Degradation of rhodamine B and tea stains 

480 

RGO-ZnO-C Rapid electron-hole separation and charge transport, 

effective solar light absorption, and fast interfacial 

charge transfer 

>95% degradation of rhodamine B in 2 h 

Photocatalytic H2 production 

481 

G: graphene; GO: graphene oxide; and RGO: reduced graphene oxide. 
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Table S3. Carbon Dots (CDs)-Metal Nanohybrids. 

Type Major mechanisms Applications Ref. 

CDs-Ag 

CDs-Au 

CDs-Au-Ag 

Surface plasmon resonance, and enhanced light 

absorption 

~100% catalytic reduction of 4-nitrophenol 482 

CDs-Ag Porous structure and existence of CDs on the surface of 

Ag NPs 

A maximum CO Faradaic efficiency of 83.2% at the 

potential of -0.8 V (vs. RHE) 

483 

CDs-Ag CDs stabilize Ag NPs from aggregation, and surface 

plasmon resonance 

Oxidation of cyclohexane to cyclohexanone (~58.9% 

yield and 84.6% sensitivity) 

484 

CDs-Ag Nanohybrids activate NaBH4 for contaminant 

degradation 

Degradation of 4-nitrophenol in the presence of 

NaBH4 

485 

CDs-Ag Increased fluorescence, and surface plasmon-enhanced 

energy transfer 

Detection limit for glucose is 1.39 μM 486 

CDs-Ag 

CDs-Si 

Photoelectrochemical-based sensor Detection of glutathione with the range of 0.02-4 μM 

and detection limit of 6.2 nM 

487 

CDs-Ag2O Metal enhanced fluorescence intensity Detection of Fe3+ ion in the linear range of 0.09-1.66 

μM with the detection limit of 2.5 nM 

488 

CDs-Ag-Ag2O Enhanced infrared light absorption, suppressed 

recombination of electron-hole pairs, and fast electron-

hole separation and transfer 

~100% degradation of methyl blue in 100 min 

Degradation of rhodamine B 

489 

CDs-Ag3PO4 Shortened bandgap, induced photocarrier generation, 

and accelerated electron transfer 

~93% degradation of methyl orange and rhodamine B 

in 16 and 10 min, respectively 

~95% removal of sulfamethoxazole in 10 min 

490 

N-doped CDs-

Ag3PO4 

Transfer of photogenerated charges through the vector 

of Ag3PO4 → N-doped CDs → Ag in the 

photocatalytic process 

~100% and ~ 90% degradation of methyl orange and 

bisphenol A in 18 min and 37 min, respectively 

491 

N-doped CDs-γ-

Al2O3 

N-doped CDs-

CeZrO2 

N-doped CDs-SiO2 

Inhibited particle aggregation, and strong adsorption of 

peroxydisulfate 

~100% degradation of bisphenol F in the presence of 

peroxydisulfate in 2 h 

492 

CDs-Au Fluorescence resonance energy transfer A linear relationship with the logarithm of the 

paraoxon concentrations in the range of 0.05–50 μg/L 

and the limit of detection was 0.05 μg/L 

493 

N-doped CDs-Au Up-converted photoluminescence Detection limit for cysteine is 4 nM 494 

CDs-Au-MoC2 Quick energy transfer between CDs and Au NPs Linear ranges for miRNA-159b and miRNA-166a 

detection are 0.5-5000 fM, with low detection limits 

of 0.15 fM and 0.21 fM, respectively. 

495 

N-doped CDs-

Bi4O5I2 

Shortened charge carrier migration distance, and 

accelerated surface charge transfer 

~100% degradation of bisphenol A in 25 min 496 

CDs-BiVO4-NiO Enhanced light absorption, and effective electron 

transfer and charges separation 

Overall H2O splitting 497 

CDs-Cu Enhanced electron transfer (electron-accepting and 

donating) property 

Photooxidation of 1,4-dihydro-2,6-dimethylpyridine-

3,5-dicarboxylate (60.8% degradation) 

498 

CDs-Cu Surface plasmon resonance; and upconverted 

photoluminescence property 

Oxidation of cyclohexane to cyclohexanone (50.2% 

yield and 78.3% sensitivity) 

499 

CDs-Cu2O Fast electron transfer Detection of glucose with linear range of 0.02-4.3 

mM and detection limit of 8.4 μM 

Detection of H2O2 with linear range of 5 μM to 5.3 

mM and detection limit of 2.8 μM 

500 

CDs-Ag3PO4 Induced photocarrier generation and accelerated 

electrons separation/transfer 

>93% degradation of methyl orange and rhodamine B 

in 16 min and 10 min, respectively 

490 
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CDs-Au-g-C3N4 Synergistic effect among Au NPs, CDs, and g-C3N4, 

excellent adsorption ability of H+ and CO2 by CDs, and 

accelerated charge transfer 

~79.8% reduction of CO2 to CO 501 

CDs-Bi2MoO6 Impressive visible-light absorbance coefficient, 

quantum confinement, photoluminescence up-

conversion, and stable photoelectrochemical properties 

Oxidative coupling of amines and oxidation of 

toluene and ethylbenzene 

502 

CDs-Bi2MoO6 Fast electron transfer and enhanced separation of 

electron-hole pairs 

~100% degradation of rhodamine B and methyl blue 

in 2 h 

503 

CDs-Bi2MoO6 Enhanced light absorption, charge separation, and 

inhibited recombination of electron-hole pairs 

Degradation of ciprofloxacin, bisphenol A, 

tetracycline hydrochloride, and methylene blue 

504 

CDs-Bi2O3 Upconverted photoluminescence and restrained 

electron-hole pairs recombination 

~100% degradation of rhodamine B 505 

CDs-BiOBr Upconverted photoluminescence, restrained electron-

hole pairs recombination, and lengthened lifetime of 

the charge carriers 

~100% degradation of rhodamine B 506 

CDs-BiOBr Excellent conductivity of N-doped CDs and effective 

light absorption of the NHs 

~98% degradation of rhodamine B in 1 h 507 

CDs-BiOBr Up-converted photoluminescence, enhanced visible-

light absorption, and enhanced electron-hole pairs 

separation and transfer 

~90% degradation of rhodamine B in 20 min, and 

>95% degradation of bisphenol A in 4 h  

508 

CDs-BiOI Increased light absorption, large SSA, and improved 

separation of photogenerated electron-hole pairs 

~70% degradation of tetracycline in 2 h, ~100% 

degradation of bisphenol A in 2 h, and ~98% 

degradation of rhodamine B in 2.5 h, respectively 

509 

CDs-BiOX (X=Br, 

Cl) 

Inhibited particle aggregation, high visible-light 

absorption, high separation efficiency of photoinduced 

electron-hole pairs, and low resistance 

~100% degradation of rhodamine B in 50 min, ~50% 

degradation of ciprofloxacin in 4 h, and ~100% 

degradation of bisphenol A in 50 min, respectively 

510 

N-doped CDs-

BiOBr 

Increased light harvesting capacity, excellent electron 

transfer ability, and improved molecular oxygen 

activation ability of N-doped CDs 

~90% degradation of ciprofloxacin in 2 h, ~100% 

degradation of rhodamine B in 1 h, ~67% degradation 

of tetracycline hydrochloride in 2 h, and ~60% 

degradation of bisphenol A in 3.5 h, respectively 

511 

CDs-BiPO4 High-efficiency charge separation, up-converted 

photoluminescence property, and bandgap narrowing 

of the CDs 

~90% degradation of indometacin in 2 h 512 

CDs-Bi2S3 Reduced electron-hole pairs recombination ~100% degradation of methylene blue and ~80% 

tetracycline hydrochloride in 1 h 

513 

CDs-BiVO4-SnO2 Enhanced light absorption, and inhibited charge 

recombination 

Photoelectrocatalytic H2 generation 514 

CDs-Bi2WO6 Up-converted photoluminescence property, and 

enhanced separation of photogenerated carriers 

~90% degradation of methylene orange in 2 h, and 

~100% degradation of bisphenol A in 1 h, 

respectively 

515 

CDs-Bi2WO6 Enhanced electron transfer and inhibited recombination 

of electron-hole pairs 

Degradation of rhodamine B, ciprofloxacin, 

tetracycline hydrochloride, and bisphenol A 

516 

N-doped CDs-

Bi2WO6 

Increased light harvesting capacity, excellent electron 

transfer ability, and improved molecular oxygen 

activation ability 

~97% degradation of tetracycline in 25 min, and 

~86.37% mineralization in 1.5 h 

517 

CDs-CdS Enhanced light absorption, and charge separation 

efficiency 

Photocatalytic H2 evolution 518 

CDs-CdS Enhanced light absorption, charge separation and 

transfer; and suppressed recombination of electron-hole 

pairs 

~99% photocatalytic reduction of nitro-benzene 

derivatives 

519 

CDs-CdS Extended light absorption and CDs act as an electron 

acceptor 

Photocatalytic H2 evolution 520 

CDs-CeOx-RGO Improved separation of electron-hole pairs and electron 

transfer 

~81% degradation of methyl blue in 1 h 

H2O oxidation 

521 
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CDs-Co Facilitated fast transfer of photogenerated electron-hole 

pairs 

Overall H2O splitting 522 

CDs-Co Unique intra-particle Förster resonance energy transfer 

system 

Detection of Cr6+ ion with the range of 5-125 μM and 

detection limit of 1.17 μM 

523 

CDs-CoO Improve charge separation efficiency, and strengthen 

the interaction between CDs and (111) facets of CoO 

octahedrons 

Degradation of tetracycline (87%) in 1 h 524 

CDs-CoS2-MnS Avoided recombination of photogenerated electron-

hole pairs 

Photocatalytic H2 evolution 525 

CDs-Cu-Al2O3 Formation of an electron-rich Cu center and an 

electron-deficient π-electron conjugated system 

~100% degradation of rhodamine B in 2 h 526 

CDs-Cu2O Enhanced electron-hole pairs separation Photoconversion of CO2 30 

N-doped CDs-

Cu2O 

Highly roughened structure, suppression of electron-

hole recombination, and fast electron-hole pairs 

separation and transfer 

~100% degradation of methyl orange in 70 min 

Degradation of methyl blue and rhodamine B 

527 

CDs-CuWO4 Improved charge separation and reduced charge 

recombination 

~90% degradation of rhodamine B in 2 h 528 

CDs-Eu Blue photoluminescence, excitation-wavelength-

dependent emission and excellent stability 

Detection of tetracycline with the linear concentration 

range of 0.5-200 μM and detection limit of 0.3 μM 

529 

CDs-α-Fe2O3 Enhanced light absorption efficiency and inhibited 

recombination of electron-hole pairs 

~100% degradation of indigo carmine dye in 50 min 530 

CDs-FeOOH Improved charge separation and transfer efficiency, 

and prolonged lifetime of photogenerated carriers 

~22% removal of gaseous NOx in 30 min 531 

CDs-δ-FeOOH Up-converted photoluminescence of CDs and Fenton-

like photocatalytic reactions 

~100% degradation of methyl orange in ~1 h 532 

CDs-In2S3-CNT Enhanced visible-light absorption, altered bandgap, fast 

electron and charge transfer  

~90%, ~95%, and 80% degradation of ciprofloxacin, 

tetracycline, and levofloxacin in 1 h, under visible-

light irradiation 

533 

N-embedded CDs-

Mg 

Retarded electron-hole pair recombination ~100% degradation of methylene blue in 2 h 534 

CDs-MnO2 Förster resonance energy transfer (FRET) effect and 

high fluorescent quenching efficiency 

Fluorescence correlates linearly with the log of the 

microRNA-155 concentration in two ranges, viz. from 

0.15 to 1.65 aM and from 1.65 to 20 aM 

Can detect MCF-7 breast cancer cells in 

concentrations from 1000 to 45,000 cells/mL, with a 

600 cells/mL detection limit 

535 

CDs-MoP Alleviated agglomeration and surface oxidation of 

MoP NPs, and excellent particle stability 

Hydrogen evolution reaction 536 

CDs-Na2W4O13-

WO3 

Enhanced production of hydroxyl and superoxide 

radical anions 

Excellent antimicrobial activity against E. coli 537 

CDs-NiP Enhanced light absorption and electron transfer Photocatalytic H2 evolution 538 

CDs-PrFeO3 Excellent gas adsorption, enhanced visible-light 

absorption and charge separation in Z-scheme system 

Removal of NOx 539 

CDs-SiO2 Large SSA, maximized accessibility of catalytic active 

sites, and enhanced electron transfer 

~98.1% desulfurization of dibenzothiophene in 3 h in 

the presence of H2O2 

540 

CDs-SiO2 Enhanced particle dispersion, large SSA, and strong 

blue luminescence 

Detection of nicotinic acid with the range of 0.5-10.5 

μM and detection limit of 12.6 nM 

541 

CDs-SnNb2O6-

BiOCl 

Large SSA, a great number of active sites, enhanced 

visible-light absorption, and high separation efficiency 

of charge carriers in the Z-scheme (CDs serve as the 

bridge for charge carriers) 

~100% degradation of benzocaine in 1.5 h 542 

CDs-TiN-C3N4 Enhanced light absorption, and inhibited recombination 

of photogenerated electron-hole pairs 

Photoelectrochemical H2O splitting 543 

CDs-TiO2 Enhanced light absorption, and accelerated separation 

and transfer of photogenerated electron-hole pairs 

~99.7% degradation of ciprofloxacin in 16 min 544 
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CDs-TiO2 Facilitated charge transfer from CDs to TiO2 Photocatalytic H2 generation 545 

CDs-TiO2 Extended light absorption, and enhanced 

electron/charge separation and transfer 

~90% degradation of gemfibrozil in 8 min 546 

CDs-TiO2 Higher surface energy (001) faceted TiO2, enhanced 

light absorption, up-converted fluorescent properties, 

and efficient charge separation in the Z-scheme system 

>90% degradation of diclofenac in 1 h 547 

CDs-TiO2 High electrical conductivity, and promoted separation 

of electron-hole pairs 

~99% degradation of phenol in 6 h 548 

CDs-TiO2 Improved optical absorption, charge carrier trapping, 

and hindering of photogenerated electron-hole 

recombination 

Degradation of methyl orange 

Photocatalytic H2 evolution 

549 

CDs-TiO2 Enhanced light absorption, and suppressed 

photogenerated electron-hole’s recombination 

~100% degradation of rhodamine B in 1.25 h 550 

CDs-TiO2 Enhanced contaminant adsorption, and inhibited 

recombination of photoinduced electron-hole pairs 

~100% photodegradation of Cr(VI) in 0.5 h 551 

CDs-TiO2 Upconverted photoluminescence behavior, and 

enhanced electron-hole pairs separation 

~100% photoreduction of Cr(VI) in 2.5 h 552 

CDs-TiO2 Enhanced light absorption, up-conversion and electron 

withdrawing properties, and hindered recombination of 

electron-hole pairs 

~98% degradation of methylene blue in 100 min 553 

CDs-TiO2 

nanofibers 

Enhanced light absorption and suppressed 

photogenerated electron-hole pairs recombination 

Photodegradation (~100% degradation in 1.5 h) of 

methylene blue and antibacterial activity of E. coli 

554 

CDs-TiO2 Effective charge separation, and inhibited 

recombination of electron-hole pairs 

Degradation of methyl orange 555 

CDs-TiO2 Increased light absorption, and photogenerated charge 

transfer and separation 

Photocatalytic CO2 reduction 556 

N-doped CDs-TiO2 Interfacial transfer of photogenerated charges from the 

conductive band of TiO2 to N-doped CDs 

~86.9% degradation of methylene blue in 7 h 557 

S, N-codoped CDs-

TiO2 

The presence of characteristic absorption bands (C=O, 

C=N, and C=S) in the visible region 

Photocatalytic H2 evolution 558 

CDs-N-TiO2-x Improved light absorption, and charge separation ~90% photoreduction of Cr(VI) under visible light in 

1 h 

559 

CDs-Cu-doped 

TiO2 

Excellent photo-promotion, and CDs act as electron 

storage to keep the presence of Cu(I) at high 

temperature and capture the photogenerated holes from 

TiO2 

CO2 methanation 560 

CDs-TiO2-Cu@C Good conductivity, formation of C-Cu and C-TiO2 

interactions improve charge separation, and amorphous 

CDs act as electron mediator 

Photocatalytic H2 evolution of 3911 mol/g/h 561 

CDs-TiO2-Ti3+ Enhanced visible-light absorption, large photocurrent 

current density, and low recombination of 

photoinduced carriers 

Degradation of methylene blue and rhodamine B 562 

CDs-TiO2-g-C3N4 Extended light absorption, and restrained 

recombination of photogenerated charge carriers 

Photocatalytic H2 evolution 563 

CDs-TiO2-g-C3N4 CDs facilitate the Z-scheme electron transfer ~91.6% degradation of enrofloxacin in 1 h 564 

CDs-Ti-α-Fe2O3 Improved charge transfer rate, and suppressed 

recombination of electron-hole pairs 

Photocatalytic H2O splitting 565 

CDs-WO3 Enhanced electron-hole pairs separation Photocatalytic H2 evolution 566 

CDs-ZnO Enhanced dispersion of ZnO, up-converted 

photoluminescence  

~100% degradation of rhodamine B in 80 min, 90% 

degradation of methyl blue in 3 h, and ~60% 

degradation of methyl orange in 3 h, respectively 

567 

CDs/N-ZnO Inhibited electron-hole pairs recombination, and up-

converted photoluminescence property 

100% degradation of malachite green, methylene 

blue, and fluorescein dyes 

568 
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CDs-ZnO1-x Enhanced light absorption, efficient charge carrier 

transfer, improved CO2 adsorption, and upconverted 

photoluminescence emission of CDs 

Photoreduction of CO2 569 

CDs-ZnFe2O4 Abundant oxygen-containing groups of CDs Adsorption of methyl orange with Qmax = 181.2 mg/g 570 

CDs-Zn-Al Available exterior adsorption sites on the adsorbent Qmax for Cd(II) is 12.60 mg/g 571 

CDs-Zn-Cu Enhanced electron transfer ~100% degradation of 4-dihydro-2,6-

dimethylpyridine-3,5-dicarboxylate in 1.5 h 

572 

CDs-ZnIn2S4-

BiOCl 

Enhanced light absorption, inhibited charge carrier 

recombination, and accelerated electron and charge 

transfer and separation 

~82.6% degradation of tetracycline in 1 h 573 

CDs-MoS2-

Mn/CoFe2O4 

Ion exchange reactions High adsorption of Pb(II) with Qmax of 588.24 and 

660.67 mg/g for CDs-MoS2-MnFe2O4 and CDs-

MoS2-CoFe2O4, respectively 

574 

N-CDs/p-type Si 

nanowires 

Pyridinic N acts as active site and band alignment is 

achieved for N-CDs larger than 3 nm 

Photoelectrochemical CO2 conversion 575 

CDs-ZnO-

CH3NH3PbI3 

facilitated the electron transfer Detection of fibroblast-like synoviocyte (FLS) in the 

linear range of 1.0×104 cell/mL to 10 cell/mL, and 

low detection limit of 2 cell/mL cell. 

576 

CDs: carbon dots. Up-conversion fluorescence emission is an optical phenomenon wherein the 

fluorescence emission wavelength is shorter than the used excitation wavelength.577 
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Table S4. Graphitic Carbon Nitride (g-C3N4)-Metal Nanohybrids. 

Type Major mechanisms Applications Ref. 

g-C3N4-Ag LSPR effect of Ag NPs and Schottky barrier formed on 

the interface between g-C3N4 and Ag that speeds up the 

generation rate of electrons and holes and inhibit the 

recombination of photogenerated electron-hole pairs 

~100% degradation of sulfamethoxazole in 20 min 578 

g-C3N4-Ag Inhibited particle aggregation, small Ag NPs size, large 

SSA, surface plasmonic effect of Ag, enhanced light 

absorption, improved photoconductivity of 

photogenerated electrons and holes, inhibited charge 

recombination, and generation of sufficient •OH and 

O2
•- 

Maximum inhibitory concentration (MIC) and 

maximum bactericidal concentration (MBC) toward 

E. coli is 9.5 ppm and 6.3 ppm, respectively 

579 

g-C3N4-Ag Large SSA, extended visible-light absorption, 

shortened bandgap, and accelerated photogenerated 

electron-hole pairs separation 

~100% and ~80% degradation of rhodamine B and 

tetracycline in 1 h, respectively 

580 

g-C3N4-Ag Enhanced particle dispersion, extended performance of 

pure g-C3N4 under visible-light, and decreased charge 

recombination of photo-generated electrons and holes 

~100% and ~89% degradation of methylene blue and 

rhodamine B in 3.5 and ~4.1 h, respectively 

Effective bactericidal performance for E. coli, S. 

aureus, and P. aeruginosa 

581 

g-C3N4-Ag Surface plasmon resonance, enhanced light absorption, 

efficient separation of photogenerated electron-hole 

pairs 

~100% degradation of sulfamethoxazole in 40 min 31 

g-C3N4-Ag High dispersity and small size of Ag NPs, strong 

surface plasmon resonance, and efficient separation of 

photogenerated charge carriers 

~98.2%, 99.3%, and 99.6% degradation of methyl 

orange, methylene blue, and neutral dark yellow GL, 

respectively 

582 

g-C3N4-Ag Inhibited recombination of electron-hole pairs and 

enhanced generation of reactive oxygen species 

~100% inhibition of E. coli and S. aureus 583 

g-C3N4-Ag Low electron-hole pairs recombination rate ~100% degradation of bisphenol A in 3 h 584 

g-C3N4-Ag Enhanced transfer and separation of electron-hole pairs Photocatalytic methanol dehydrogenation 585 

g-C3N4-Ag ‘Super quenching’ of fluorescence emission of g-C3N4 

by Ag+ ions in aqueous media 

The lowest detection limits for H2O2, glucose, Ag+ 

ion, and cysteine are 0.6 nM, 0.6 μM, 50 nM, and 80 

nM, respectively 

586 

g-C3N4-Ag-AgCl Efficient separation of photoinduced charge carriers ~90% degradation of methyl orange and ~100% 

reduction of Cr(VI) 

587 

g-C3N4-Ag-AgO Surface plasmon resonance, extended light absorption, 

reduced bandgap of AgO, better separation of 

photogenerated charge carriers 

The valence band h+ and OH⦁ are major reactive 

species responsible for oxidative stress of E. coli 

~100% degradation of acid violet-7 in 30 min, and  

 

 

~100% destruction of E. coli bacteria in 30 min 

588 

g-C3N4-Ag-Ag3PO4 Enhanced separation of electron-hole pairs in Z-

scheme system 

~95% degradation of rhodamine B 589 

g-C3N4-Ag-

Ag3VO4 

Inhibited particle aggregation, large SSA, excellent 

conductivity, abundant reactive surface sites, and 

reduced recombination of photogenerated electron-hole 

pairs 

~83.6% degradation of tetracycline in 2 h with the 

reaction rate constant of 0.0298 min-1 

590 

g-C3N4-Ag-

Ag3VO4 

Prolonged lifetime of electron-hole pairs in the Z-

scheme system 

~95% degradation of rhodamine B 591 

g-C3N4-Ag-YVO4 Surface plasmon resonance and effectively suppressed 

recombination of charge carriers 

~100% degradation of methyl orange in 2 h 592 

g-C3N4-Ag-AgCl-

BiVO4 

Enhanced light harvesting, and increased lifetime of 

photogenerated electron-hole pairs 

~94.7% degradation of ibuprofen in 1 h 593 
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g-C3N4-Ag-BiVO4 Surface plasmon resonance, hindered recombination of 

photogenerated electron-hole pairs, and strong redox 

ability of photogenerated charges 

~92.6% degradation of ciprofloxacin in 2 h 594 

g-C3N4-Ag-BiVO4 Enhanced visible-light absorption, efficient separation 

of photogenerated charge carriers in the Z-scheme 

system 

Photocatalytic H2O splitting and NO oxidation 595 

g-C3N4-Ag-Cu Unique tubular nanostructure, strong metal-support 

interaction, and efficient photoinduced electron-hole 

separation 

Photocatalytic H2 production 596 

g-C3N4-Ag-MoS2 Enhanced visible-light absorption, efficient separation 

of photogenerated charge carriers in the Z-scheme 

system 

~90% degradation of methyl orange in 40 min 597 

g-C3N4-Ag-

NaTaO3 

Z-scheme charge separation of photogenerated 

electron-hole pairs 

~95.5% degradation of tetracycline and rhodamine B 

in 1 h 

598 

g-C3N4-Ag-poly(L-

cysteine) 

The hybrid of a Schottky barrier and localized surface 

plasmonic resonance, and enhanced separation of 

photoexcited electrons and holes 

Detection of naringin over a wide concentration range 

from 1×10-4 to 1×10-10 M 

599 

g-C3N4-Ag-TiO2-x Narrowed bandgap, high SSA, surface plasmon 

resonance, and favored separation of electron-hole 

pairs 

~99% degradation of methylene blue, and ~97% 

degradation of methyl orange 

600 

g-C3N4-Ag-CDs Surface plasmon resonance, up-converted 

photoluminescence, narrowed bandgap, and electron 

separation and transfer capacity 

Degradation of decarboxylation, hydroxylation, and 

opening of the naphthalene ring 

601 

g-C3N4-Ag-

CsPbBr3 

Enhanced light harvesting, reduced charge 

recombination, and synergy between nano-Ag and 

CsPbBr3 co-loaded with g-C3N4 

~92.8% degradation of cephalosporin antibiotics 7-

aminocephalosporanic acid in 140 min 

602 

g-C3N4-Ag2CrO4-

N-doped CDs 

Full-spectrum light absorption, larger contact area, 

promoted photoelectron transfer, and inhibited photo-

corrosion of Ag2CrO4 

100% degradation of doxycycline under full-spectrum 

light in 50 min 

603 

C3N4-Ag2SO4 High light absorption, perfect redox potentials, large 

SSA, abundant active sites, and efficient interfacial 

charge transfer in Z-scheme system 

Photosynthesis of active oxygen species 604 

P-doped g-C3N4-

Ag3PO4 

High charge separation capacity and the Z-scheme 

heterojunction structure 

The pseudo-first-order rate constant of 0.0326 min-1 

for ketamine degradation at neutral pH value 

605 

g-C3N4-Ag3PO4-N-

doped CDs 

Improved oxygen activation, enhanced light 

harvesting, and facilitated separation of photogenerated 

charge carriers in Z-scheme system 

~100% degradation of methylene blue, ~100% 

degradation of rhodamine B, and ~70% degradation 

of phenol 

606 

g-C3N4-Ag3PO4-

polyacrylonitrile 

Efficient charge separation in the Z-scheme system ~100% degradation and >90% mineralization of 

rhodamine B in 2 h 

607 

g-C3N4-Ag3PO4-

polyacrylonitrile 

Better photostability, and excellent charge separation 

in the Z-scheme system 

Degradation pf rhodamine B 

Oxygen evolution reaction 

608 

g-C3N4-Ag2CrO4-

GO 

Broadened light absorption, higher CO2 adsorption and 

more efficient charge separation of Z-scheme 

Photocatalytic CO2 reduction 609 

g-C3N4-Ag-ZnSe Excellent adsorbability, expansion of the light-

harvesting scope, and efficient separation of 

photogenerated electron-hole pairs 

~89.2% degradation of ceftriaxone in 1.5 h 610 

g-C3N4-Al2O3-

expanded perlite 

Large SSA, and algae cell lysis due to attack of 

reactive oxygen species (HO•) 

~74.4% of Microcystis aeruginosa was removed 611 

N-deficient g-

C3N4-Au 

Abundant active sites, good electrocatalytic reactivity, 

and synergy between N vacancies and ~5 nm Au NPs 

The enhanced electrochemical sensitivity toward 

Pb(II) (1223.0 μA μM−1 cm−2) 

612 

g-C3N4-Au LSPR effect of Au NPs, and suppressed recombination 

of electron-hole pairs 

Detection limit of 0.08 μM 613 

g-C3N4-Au Spatial-resolved electrochemiluminescence effect A sensitive ratiometry for prostate specific antigen 

(PSA) detection was achieved with a linear range 

from 0.10 to 200 ng/mL 

614 
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g-C3N4-Au Excellent electrochemiluminescence effect Protease and nuclease assay 615 

g-C3N4-Au H2O2 was in-situ produced by enzyme catalysis, and 

then converted into reactive oxygen species by Au 

NPs, leading to a decreased cathodic 

electrochemiluminescence from g-C3N4 as well as an 

enhanced anodic electrochemiluminescence from 

luminol 

Detection of glucose with a wide concentration range 

of 0.1−8000 μM and a low detection limit of 0.05 μM  

616 

g-C3N4-Au Surface plasmon resonance-enhanced light harvesting 

and separation of photogenerated e–/h+ pairs 

Detection of T4 polynucleotide kinase activity 

ranging from 2 to 100 mU/mL with a low detection 

limit of 1.0 mU/mL 

617 

g-C3N4-Au Large SSA, porous structure, enhanced contaminant 

adsorption, and excellent electron transfer ability 

~100% reduction of 2-nitrophenol, 3-nitrophenol, 4-

nitrophenol, 2,4-nitrophenol, and 2,4,6-nitrophenol in 

10 min 

618 

g-C3N4-Au Inhibited particle aggregation, efficient separation of 

photogenerated charges, and appropriate interfacial 

band structures 

Photocatalytic H2 production 619 

g-C3N4-Au Photoelectrochemical effect and enhanced electron 

donor 

Good detection sensitivity of microRNA with the 

linear range of 5-3000 fM and the detection limit of 

2.26 fM 

620 

g-C3N4-Au-In2O3 Enhanced charge separation, efficient photogenerated 

charge carrier separation, and LSPR effect from Au 

NPs 

Photocatalytic H2 evolution 621 

g-C3N4-Au-

graphene 

Large SSA, and enhanced electrochemiluminescence 

effect 

A linear response range of concanavalin A from 0.05 

to 100 ng/mL and a low detection limit of 17 pg/mL 

622 

g-C3N4-Au-

polydopamine 

Small Au size, large SSA, enhanced Au dispersion, and 

enhanced charge separation 

~100% conversion of nitroaromatics by NaBH4 in 1 h 623 

S-doped g-C3N4-

Au-TiO2 

Large SSA, extended visible-light absorption, and 

improved charge separation 

Degradation of 2,4-dichlorophenol 

Photocatalytic CO2 conversion 

Water splitting 

624 

g-C3N4-Bi2MoO6 Large SSA, shortened diffusion distance for 

photogenerated charges, and facilitated transfer and 

separation of photogenerated electron-hole pairs 

Photocatalytic H2 production 

Disinfection of bacterial 

625 

C3N4-Ba Internal electronic structure can facilitate the 

adsorption and activation of NO and O2, elongate the 

lifetime of photogenerated carriers, and expedite the 

spatial charge separation 

Photocatalytic NO oxidation 626 

g-C3N4-Ba5Nb4O15 Facilitated charge transfer at the 2D/2D interface Photocatalytic H2 evolution rate of 2.67 mmol/h/g 627 

g-C3N4-Ba5Ta4O15 Enhanced separation of photo-generated electron–hole 

pairs 

Photocatalytic H2 evolution 628 

g-C3N4-Bi Enhanced light absorption, and excellent electron-hole 

pairs separation 

Photocatalytic H2 production 629 

g-C3N4-Bi2MoO6 Strong visible light absorption, high migration 

efficiency of photoinduced carriers, and interfacial 

electronic interaction 

~100% degradation of rhodamine B in 1.5 h 630 

g-C3N4-BN Promoted dissociation of excitons, and accelerated 

transfer of charges 

Molecular oxygen activation 631 

g-C3N4-Bi4NbO8Cl High charge separation efficiency and redox potentials 

in a Z-scheme system 

Photocatalytic H2 production 632 

g-C3N4-Bi2O3 Enhance visible light absorption, excellent 

conductivity, hindered electron-hole pairs 

recombination, and more active reactive sites 

>90% and 80% degradation of tetracycline 

hydrochloride and ciprofloxacin hydrochloride, 

respectively, in 1 h 

633 

g-C3N4-Bi2O4 Z-scheme charge transfer mechanism enables one-step 

reduction of O2 to H2O2, and facilitates more 

generation of holes 

6 log10 cfu/mL of Escherichia coli K-12 is completely 

inactivated within 1.5 h 

634 
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g-C3N4-BiOI Enhanced light absorption, and excellent charge 

separation 

H2O splitting 635 

g-C3N4-BiOI The internal electric field formed at the interface of the 

heterojunction contributed to the separation of 

photogenerated electron–hole pairs 

Detection of bisphenol A in the liner range of 80-3200 

ng/mL and detection limit of 26 ng/mL  

613 

g-C3N4-BiOI-

ZnFe2O4 

Excellent suppression of recombination of e-/h+ pairs Photocatalytic degradation of dyes and phenol under 

LED light 

636 

g-C3N4-Bi2O2CO3 Facilitated charge transfer and separation at the 

interface 

~100%, ~80%, ~55%, ~85.3%, ~99.2%, 96.2%, and 

88.9% photodegradation of tetracycline, tetracycline 

hydrochloride, oxytetracycline, Conge red, malachite 

green, methyl orange, and methylene blue, 

respectively 

637 

g-C3N4-β-Bi2O3 Z-scheme accelerated separation of photoinduced 

electron-hole pairs and prolonged lifetime of charge 

carriers 

~80% degradation of tetracycline in 50 min 638 

g-C3N4-Bi2O3-WO3 Improved visible-light absorption, high SSA, and Z-

scheme charge separation 

~80% degradation of tetracycline in 1 h 639 

g-C3N4-BiOBr Intimate C—metal interface, favorable charge transfer, 

and effective separation of photogenerated electron-

hole pairs 

~100% degradation of rhodamine B in 20 min 640 

g-C3N4-BiOBr Reduce the recombination of photogenerated electron-

hole pairs and improve the efficiency of visible light 

utilization, leading to enhancing photoelectrochemical 

response of BiOBr 

Detection of tetracycline in the linear ranges of 8.0-

4.0×102 ng/mL and 4.0×102 to 5.2×103 ng/mL, and 

detection limit of 3.8 ng/mL 

641 

g-C3N4-BiOCl Effective separation and migration of photogenerated 

electron-hole pairs 

~95% degradation of methyl orange in 2.5 h 642 

g-C3N4-BiOClxI1-x Formation of rich oxygen vacancies, and facilitated 

separation and transfer of photogenerated electron-hole 

pairs 

~100% degradation of bisphenol A within 40 min 643 

g-C3N4-BiOI Strong visible-light absorption, and effective separation 

of electron-hole pairs 

~100% degradation of rhodamine B and Cr(VI) in 1.5 

and 2.5 h, respectively 

644 

g-C3N4-BiOIO3 Z-scheme charge transfer mode, superior 

photogenerated carrier separation, and strong redox 

capability 

~95% degradation of 2,4,6-trichlorophenol in 2.5 h 645 

g-C3N4-BiOI-I3 Effective interfacial charge transfer and separation in 

Z-scheme system 

>95% removal of CH3SH in 15 min 646 

g-C3N4-BiOI-GO Reduced recombination of electron-hole pairs and 

enhanced charge transfer 

~100% degradation of methyl blue in 60 min 647 

g-C3N4-BiOCl-

Cu2O-Fe3O4 

Fast electron transfer and separation ~99.5% degradation of sulfamethoxazole in 1 h 648 

g-C3N4-BiOCl Promoted visible-light absorption, and photoinduced 

carrier separation with a prolonged lifetime 

~95% degradation of 4-chlorophenol in 2 h 649 

g-C3N4-BiVO4 

(010) facets 

Facilitated space separation of photogenerated carriers 

in Z-scheme system, and accumulated electrons in g-

C3N4 and holes in (010) facets of BiVO4   

~88.3% degradation of rhodamine B in 30 min  650 

g-C3N4-BiVO4 Lower charge transfer resistance, higher light 

absorption, more oxygen vacancy sites, and facilitated 

separation of electron/hole pair in Z-scheme system 

Photoelectrochemical performance 651 

g-C3N4-BiVO4 Induced production of •OH and •O2
– for diclofenac 

degradation 

Degradation of diclofenac in the presence of H2O2 652 

g-C3N4-Bi2WO6 Inhibited recombination of electron-hole pairs 30% degradation of phenol in 5 h 653 

g-C3N4-Bi2WO6 Z-scheme enhanced separation efficiency of 

photogenerated electron-hole pairs 

~100% degradation of rhodamine B in 1 h, and ~75% 

degradation of tetracycline hydrochloride in 2 h 

654 

g-C3N4-Bi2WO6-

AgI 

Large SSA, enhanced particle dispersion, abundant 

active sites, enhanced light absorption, improved 

91.13% removal efficiency of tetracycline in 1 h 655 
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visible light absorption, charge separation and redox 

ability in the Z-scheme system 

g-C3N4-Bi-Bi2WO6 

g-C3N4-Bi-

Bi2MoO6 

Surface plasmon resonance, enhanced visible-light 

absorption, and effective charge separation 

~90% degradation of methylene blue 656 

g-C3N4-Bi2WO6-

RGO 

Large interfacial contact area, efficient charge 

separation, and inhibited recombination of 

photogenerated electron-hole pairs in Z-scheme system 

Photoreduction of CO2 and H2O 657 

g-C3N4-Bi4O5I2 I3−/I − redox mediator assisted Z-scheme charge 

transfer mechanism 

Photocatalytic CO2 conversion 658 

g-C3N4-Bi2O2CO3-

CoFe2O4-biochar 

Intimate charge transfer, promoted spectral activity, 

and reduced charge recombination rate 

~99.3% degradation of paraquat in 1.5 h 

~100% conversion of 4-nitrophenol into 4-

aminophenol 

Photocatalytic CO2 conversion 

659 

C3N4-CdS Improved separation efficiency of photogenerated 

electrons and holes 

>99% oxidative degradation of various amines 

(CH3OH, CH3CN, EtOAc, and CH2Cl2) 

660 

g-C3N4-CdS Precise regulation of CdS on the g-C3N4 surface and 

the formation of type II heterojunction that results in 

the increased visible-light absorption, favored band 

overlapping, and promoted charge separation 

Photocatalytic H2 evolution of 2537 μmol/g under 

visible-light irradiation 

661 

g-C3N4-CdS Facilitated charge separation and mass transfer Photocatalytic H2 evolution 662 

g-C3N4-CdS Enhanced light absorption, and quick electron transfer 

at the closely-contacted interfaces 

Detection of tetracycline in the linear range of 10-250 

nM and detection limit of 5.3 nm 

663 

g-C3N4-CdS-Au-

Ag 

Novel exciton–plasmon interactions, formation of p-n 

heterojunction, enhanced generation of photocurrent, 

and resonance energy transfer 

Exhibits the sub-fM level (0.05 fM) detection of 

microRNA-21 with a wide range from 0.1 fM to 1.0 

nM 

664 

g-C3N4-CdS-Cu7S4 Tuned bandgap, higher charge carrier density, and 

promoted spatial separation and prolonged lifetime of 

photogenerated electrons 

Photocatalytic H2 evolution 665 

g-C3N4-CdS-Mn High photocurrent Detection limit of prostate specific antibody is 3.8 

pg/mL 

666 

g-C3N4-CdS-Ni2P Speeded electron separation and transfer efficiency H2 and O2 evolution rates are 15.56 and 7.75 μmol/g/h 667 

g-C3N4-CdS-N-

doped carbon 

Enhanced visible-light absorption, large SSA, and 

excellent transfer rate of electrons and the separation 

efficiency of photogenerated electron-hole pairs 

~92.33% degradation of cloxacillin in 1.5 h 668 

g-C3N4-CdTe-ZnO Enhance the photogenerated h+/e− separation efficiency Detection of Proprotein convertase subtilisin/kexin 

type 6 (PCSK6) with the range of 10 pg/mL to 20.0 

ng/mL and detection limit of 2 pg/mL. 

669 

g-C3N4-CeO2 Facilitated migration and separation of photo-induced 

charge carriers 

~93.7% bisphenol A was removed after 80 min 670 

g-C3N4-CeO2 CeO2 (001) facet is helpful for electron separation and 

transfer 

Photocatalytic H2 evolution 671 

g-C3N4-CeO2 Enhanced adsorption and activation of substrate or O2, 

efficient charges separation, prolonged photo-induced 

electron lifetime, and abundant defect structure 

Oxidation of amines 672 

g-C3N4-Co Excellent electronic structure, differential charge 

density, narrowed bandgap, enhanced light absorption, 

and accelerated electron-hole pairs separation and 

transfer 

~80% degradation 2-Mercaptobenzothiazole 673 

g-C3N4-Co Co promotes separation of photogenerated electrons 

and holes of g-C3N4  

Photocatalytic H2 evolution 674 

g-C3N4-Co Enhanced interfacial redox activity and light 

absorption, and reduced recombination of electron-hole 

pairs 

Photocatalytic H2 evolution 675 
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g-C3N4-Co4 Staggered band-alignment, facilitated charge transfer, 

and increased surface catalytic oxidative ability 

Photocatalytic CO2 reduction 676 

g-C3N4-CoFe High electrochemical surface area, easy access of 

abundant active sites, and easy mass transport 

Overall H2O splitting 677 

g-C3N4-CoO Efficient separation of photogenerated electron-hole 

pairs 

Photocatalytic H2O splitting 678 

g-C3N4-CoOx Uniformly distributed small NPs, long lifetime of 

excited electrons, fast charge transfer, and strong 

electronic interaction between the heterojunctions 

Photocatalytic H2 evolution 679 

g-C3N4-CoOx Presence of Co3O4 active phase, high surface content 

of Co3+, high density of surface oxygen adsorption 

sites, facile reducibility of Co3+, and richness of N in g-

C3N4 structure 

~90% conversion of toluene at ~279 ⁰C 680 

g-C3N4-Co3O4-

CoO 

Enhanced light absorption, inhibited particle 

aggregation, and facilitated separation and transfer of 

photo-induced charge in the Z-scheme 

~92% degradation of nitrobenzene in 160 min 

~97% degradation of tetracycline in 2 h 

681 

g-C3N4-Co3O4-NiO Enhanced light absorption, and fast electronic 

conduction ability 

Detection of tetrabromobisphenol-A with the linear 

ranges of 0.3-10 μM and 10-500 μM, respectively 

682 

g-C3N4-CoP Formation of new electron transfer route due to the 

interaction of Co and N atoms, abundant reaction sites 

due to lower energy barrier than Pt toward H2 

evolution, and enhanced CoP dispersion and thus more 

reaction sites 

Photocatalytic H2 evolution rate of 1.074 mmol/g/h 683 

g-C3N4-CoP-ZIF-

67 

Low recombination rate of photogenerated electrons 

and holes, and high rate of electron transport 

Photocatalytic H2 evolution rate of 201.5 μmol/g/h 684 

g-C3N4-Co2P Good electrical-conductivity, improved visible-light 

absorption, and decreased recombination of electron-

hole pairs 

Photocatalytic H2 evolution 685 

g-C3N4-Co2P Inhibited recombination of photogenerated electron-

hole pairs 

Photocatalytic H2 evolution 686 

g-C3N4-CoSx More surface-active sites, better separation of 

photogenerated charge carriers, and favored mass 

diffusion/transfer 

Photocatalytic H2 production 687 

g-C3N4-Co9S8 High redox potential, and effective separation of photo-

generated charge-carriers in the Z-scheme system 

50% degradation of 2,4-dichlorophenoxyacetic acid, 

and 70% photocatalytic reduction of Cr(VI) in 3 h 

688 

g-C3N4-CoWO Enhanced photoinduced holes consumption, and 

promoted electrons utilization for O2 reduction 

Photocatalytic H2O2 production 689 

g-C3N4-CoZnAl-

RGO 

Enhanced NP dispersion, enhanced light harvesting 

capacity, unique architecture, highly exposed reactive 

sites, and fast charge transfer in the Z-scheme system 

Photocatalytic CO2 reduction 690 

g-C3N4-CsxWO3 Enhanced N2 activation, and promoted interfacial 

electron transfer 

Photocatalytic N2 fixation 

Photocatalytic H2 and O2 evolution 

691 

g-C3N4-Cu High SSA, enhanced visible-light absorption, and 

enhanced charge transfer and separation ability 

Photocatalytic H2 evolution 692 

g-C3N4-CuFe2O4 Enhanced light absorption, and fast transfer of 

photogenerated electron 

~82.2% removal of propranolol with presence of 

peroxydisulfate in 2 h 

693 

g-C3N4-

Cu2(OH)PO4 

Enhanced near infrared light absorption, enhanced 

electron separation and transfer in the Z-scheme 

system 

Photocatalytic H2O2 production 694 

g-C3N4-Cu3P Improved charge separation rate H2 evolution rate of 277.2 μmol/g/h 695 

g-C3N4-Cu3P Promoted charge spatial separation, lowered 

overpotential of hydrogen potential, and fast charge 

transfer in Z-scheme system 

~100% degradation of rhodamine B in 0.5 h 

H2 evolution reaction 

696 

g-C3N4-Cu3P Facilitated separation of electron-hole pairs and H2-

evolution kinetics 

Photocatalytic H2 production 697 
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g-C3N4-CuS Enhanced light absorption, improved stability of CuS, 

and effective separation/collection of photoexcited 

electrons 

Photocatalytic H2 evolution 698 

g-C3N4-Cu-Al2O3 Formation of an electron-rich Cu center and an 

electron-deficient π-electron conjugated system 

~100% degradation of rhodamine B in 2 h 526 

g-C3N4-CsxWO3 Z-scheme structure to promote separation of charge 

carriers 

Degradation of HCHO and toluene 699 

g-C3N4-CsxWO3 Improved charge carrier generation and separation Degradation of rhodamine B 

Photocatalytic H2 evolution 

700 

g-C3N4-Ch5PMoV2 Strong electronic interaction-induced charge transfer Aerobic oxidation of benzene to phenol 701 

g-C3N4-Eu2O3 Boosted electrochemiluminescence efficiency, and a 

great positive shift of onset potential due to Eu doping 

17β-estradiol (E2) assay 702 

g-C3N4-Fe Unique structure and architecture, enhanced particle 

dispersion, and abundant reactive sites 

Dye rejection and degradation 703 

g-C3N4-Fe The formation of ≡FeIV=O is responsible for p-

chlorophenol degradation 

~100% degradation of p-chlorophenol in 10 min 704 

g-C3N4-Fe Broadened visible-light absorption, facilitated, and 

photogenerated electron-hole pairs separation  

~95% degradation of carbamazepine in 25 min in the 

presence of peroxymonosulfate 

96 

g-C3N4-Fe Enhanced visible-light absorption, and separation of 

photoexcited carriers 

~100% reduction of Cr(VI) in 3 h 705 

g-C3N4-Fe Efficient charge separation and transfer Photocatalytic CO2 reduction 706 

g-C3N4-Fe O–O bond in the activated peroxymonosulfate 

underwent heterolysis, producing high-valence iron 

species as the primary active species, and enhanced 

charge-separation property 

~100% degradation of phenol in 20 min in the 

presence of peroxymonosulfate 

707 

g-C3N4-Fe-

NH2@N-doped G 

Stabilized phase composition and framework 

morphology, and accelerated electron transfer 

Degradation of aminobenzoic acid ethyl ether in the 

presence of peroxymonosulfate 

708 

g-C3N4-FeCoPOx Strong interfacial electronic effect between FeCoPOx 

and g-C3N4, and accelerated electron/charge separation 

and transfer 

Photocatalytic H2 evolution 709 

g-C3N4-α-Fe2O3-C Excellent carbon layer and tight contact structure, and 

facilitated separation and transfer of electrons and 

holes 

Photocatalytic H2O oxidation 710 

g-C3N4-Fe2O3 Enhanced electron and carrier transfer in the Z-scheme 

system 

Ammonia yield rate is 47.9 mg/L/h 711 

g-C3N4-α-Fe2O3 Large SSA, enhanced light absorption, and accelerated 

transfer of photogenerated electron-hole pairs at the 

well-contacted g-C3N4-α-Fe2O3 carbon-metal interface 

Photocatalytic H2 evolution rate as high as 31400 

μmol/h/g and quantum efficiency of 44.35% at 420 

nm 

712 

g-C3N4-α-Fe2O3 Enhanced photogenerated charge transfer and 

separation in Z-scheme system 

Photocatalytic CO2 conversion 

~50% degradation of phenol 

713 

g-C3N4-α-Fe2O3 Enhanced CO2 adsorption and inhibited recombination 

of electron-hole pairs 

Photocatalytic CO2 reduction 714 

g-C3N4-α-Fe2O3 Large SSA, improved light harvesting, efficient 

electron transfer and separation in Z-scheme system 

Photocatalytic hydrogen production 715 

g-C3N4-α-Fe2O3-C More photogenerated electrons, and facilitated charge 

separation and transfer 

Photocatalytic regeneration of reduced nicotinamide 

adenine dinucleotide 

716 

g-C3N4-Fe2O3 Enhanced particle dispersion, large SSA, and abundant 

surface-active sites 

Qmax for phosphate is 52.5 mg/g 717 

g-C3N4-Fe2O3 Improved specific surface area and reaction active 

sites, enhanced visible-light absorption, and speeded 

transfer and separation of photoinduced charge carriers 

~75% degradation of tetracycline hydrochloride 718 

g-C3N4-Fe2O3-

RGO 

Enhanced visible-light absorption, more nanochannels, 

inhibited recombination of photoexcited charge 

~100% degradation of tetracycline and ciprofloxacin 

in 1 h 

719 
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carriers, and enhanced separation and transportation of 

charge 

g-C3N4-Fe3O4 excellent water dispersibility, superior magnetic 

property, and porous structure 

Qmax for Cr(VI) is 555 mg/g 

Reduction of 2-nitroaniline to 2-aminoaniline, and 

reduction of 4-nitroaniline to 4-aminoaniline with 

presence of NaBH4 within 8 min 

720 

g-C3N4-Fe3O4 Enhanced electrochemiluminescence effect A linear detection range of carbohydrate antigen 125 

is 0.001−5 U/mL with a low detection limit of 0.4 

mU/mL 

721 

g-C3N4-Fe3O4 Enhanced light absorption, large SSA, and accelerated 

electron separation and transfer 

~85% degradation of amoxicillin in 2 h 722 

g-C3N4-Fe3O4-ZnO Inhibited recombination of photogenerated electron-

hole pairs 

~95% degradation of sulfamethoxazole in 1.5 h 723 

g-C3N4-FeOOH High dispersion, and enhanced photogenerated 

electron-hole transfer in photo-Fenton system 

~100% removal of methyl orange and phenol in 1 h 724 

g-C3N4-FexOy Photocatalytic activity of carbon nitride, quenching of 

electron/hole pairs, and generation of additional 

reactive hydroxyl radicals 

Degradation of dicamba 725 

g-C3N4-Fe3O4-C Enhanced charge transfer ~100% degradation of acid orange 7 in 30 min in the 

presence of peroxymonosulfate 

726 

g-C3N4-Fe3O4-CdS Effective separation of electron-hole pairs and 

utilization of photogenerated carriers 

~92%, 91%, 90%, and 89% degradation of 

ciprofloxacin, gatifloxacin, tetracycline 

hydrochloride, and enrofloxacin hydrochloride, 

respectively 

727 

g-C3N4-FeOOH-Cu Enhanced electron transfer, and suppressed 

recombination of electron-hole pairs,  

~99% degradation of methyl blue in 40 min 728 

g-C3N4-PDI@NH2-

MIL-53(Fe) 

Tunable electronic band structure, and good interface 

contact between g-C3N4-PDI and NH2-MIL-53(Fe) 

improved the separation of photoinduced carriers and 

photocatalytic activity  

90% removal for tetracycline in 4 h, 78% removal for 

carbamazepine in 2.5 h, 100% removal for bisphenol 

A in 10 min, 100% removal for p-nitrophenol in 30 

min, and rapid degradation of phenolic organic 

pollutants (2 mg/L) within 10 min with presence of 

H2O2 and LED light (420 – 800 nm wavelength) 

729 

g-C3N4-C, N-co-

doped Fe2P/Ni2P 

Highly efficient spatial separation of photo-induced 

charges, and accelerated surface reaction 

Photocatalytic H2 evolution 730 

g-C3N4-γ-Ga2O3 Enhanced light absorption, and lowered charge transfer 

resistance 

Dinitrogen fixation 

~98% degradation of acid violet-7 in 0.5 h 

731 

g-C3N4-H3PW12O40 Direct Z-scheme charge carrier migration mechanism, 

imparting not only superior photogenerated charge 

carrier separation ability but also undiminished redox 

capability of the photogenerated electrons and holes 

Gas-phase photocatalytic oxidation of aromatics 

including benzene, toluene and m-xylene 

732 

g-C3N4-InSe Possessed direct bandgaps, tunable electronic 

properties, type-Ⅱ band alignment, and efficient optical 

absorption 

Photocatalytic H2O splitting 733 

g-C3N4-InVO4-G Abundant catalytical sites, and promoted 

photogenerated electron separation and transfer in Z-

scheme system 

~65% removal of NO in 30 min 734 

g-C3N4-Ir-N-doped 

G 

Abundant reactive sites, good stability, well dispersion, 

and accelerated electron separation and transfer 

Photocatalytic H2O splitting 735 

N-doped g-C3N4-

KTiNbO5 

Increased contact area, and efficient charge separation 

and transfer across the interface 

~100% degradation of rhodamine B and bisphenol A 

in 80 min 

736 

g-C3N4-LaCoO3 The formation of -C-O-Co bond promoted more 

delocalized electrons generation, and enhanced transfer 

of electron 

Catalytic ozonation 

Degradation of benzotriazole 

737 

g-C3N4-LaFeO3 Slowed electron-hole pairs recombination, and upped 

charge carriers’ lifetime in Z-scheme system 

~100% degradation of brilliant blue in 1 h 738 
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C3N4-LiFePO4-

CuFe2O4 

High visible-light absorption, and highly diminished 

recombination of electron-hole pairs 

~99.5% degradation of beta-blocker drug Atenolol in 

1 h 

739 

g-C3N4-Mg 

g-C3N4-Li 

g-C3N4-Ba 

g-C3N4-Sr 

Large surface area and reactive mesopore volume Qmax for methyl blue and Cu(II) is 7500 and 339 

mg/g, respectively 

740 

g-C3N4-Mn Abundant reactive sites, inhibited particle aggregation, 

and enhanced electron separation and transfer 

~96% degradation of methylene blue in 3 h 741 

g-C3N4-Mo Whole visible-light absorption, formation of new bands 

for accelerated separation of charge carriers, and 

maximum atom efficiency due to single-atom catalysis 

Photocatalytic CO and H2 production rates of 18 and 

37 μmol/h/g, respectively 

742 

g-C3N4-MoO3 Z-scheme electron-hole separation and transfer ~100% degradation of rhodamine B in 25 min 743 

g-C3N4-MnO2-MPx Metallic metal phosphides act as excellent interface 

bridge, and accelerated transfer, separation, and 

utilization of charge carriers 

Photocatalytic H2 evolution rate is 532.41 μmol/h/g 744 

g-C3N4-MnO2 Defective Mn3+ active sites, and Z-scheme interfacial 

charge separation and transfer 

Overall H2O splitting 745 

g-C3N4-MnO2 Enhanced separation of photogenerated electron-hole 

pairs in Z-scheme system 

~90% and ~75% degradation of rhodamine B and 

phenol in 1 and 3 h, respectively 

746 

g-C3N4-Mn2O3 Facilitated separation of photoinduced charge carriers ~94.5% and 97.4% removal of NO3
––N and NH4+–N, 

respectively  

747 

g-C3N4-MnOx Enhanced electron-hole pairs separation and Mn acts as 

active center for catalytic decomposition 

~96% photocatalytic degradation of toluene in 10 min 748 

C3N4-MnOx Porous structure, modulated hole transfer and oxidation 

sites, tunable band gap, and quick charge separation 

and strong reduction capability 

Photocatalytic H2 evolution 749 

g-C3N4-Mo-GO Accelerated electron separation and transfer Cyclooctene epoxidation (40% conversion and 100 

selectivity efficiency) 

750 

g-C3N4-Mo-Mo2C Z-scheme effective separation rate of electron-hole 

pairs 

Photocatalytic H2 evolution 751 

g-C3N4-Mo-P Enhanced light absorption, altered bandgap, 

accelerated photogenerated electron-hole pairs transfer 

~95% reduction of Cr(VI) in 2 h 

Photocatalytic H2 production 

752 

g-C3N4-MoO2 Reduced bandgap, and improved electron transfer Oxidative desulfurization 753 

g-C3N4-MoO3-CDs High up-converted photoluminescence property and 

high charge separation capacity in the Z-scheme 

system 

~90% degradation of tetracycline in 1.5 h 754 

g-C3N4-MoS2 

g-C3N4-Pt 

Large SSA and formed 2D interfaces to accelerate 

photoinduced charge separation and transfer 

Photocatalytic H2 evolution 755 

g-C3N4-MoS2 Improved conductivity, abundant active sites, reductive 

potential, lowered charge-transfer resistance, and more 

efficient charge separation 

Hydrogen evolution reaction 756 

g-C3N4-MoS2 Fast transfer of photogenerated electrons Photocatalytic H2 evolution 757 

g-C3N4-MoS2 Increased light absorption, lowered activation barriers, 

and Z-scheme charge transfer 

Photocatalytic and electrochemical H2 evolution 758 

g-C3N4-MoS2 Promoted separation of photogenerated electron-hole 

pairs 

Photocatalytic H2 evolution 759 

g-C3N4-MoS2 Richly available reaction sites, aligned energy levels 

between g-C3N4 and MoS2, and efficient electron 

transfer 

~96.5% degradation of methyl orange in 50 min, and 

~85% degradation of phenol in 2 h 

760 

g-C3N4-MoS2 Increased separation efficiency of photogenerated 

electron‐hole pairs in Z-scheme system 

~100% degradation of rhodamine B in 12 min 761 

g-C3N4-MoS2-CDs Accelerated transfer and separation of photogenerated 

charge carriers, and more active sites for H2 evolution 

Photocatalytic H2 evolution 762 
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g-C3N4-MoS2-

Cd0.5Zn0.5S 

Enhanced interfacial charge transfer of electrons, 

decreased recombination of photoinduced charge, and 

increased number of active sites for reaction 

Photocatalytic H2 evolution 

~95% degradation of rhodamine B in 1 h 

763 

g-C3N4-MoS2-

CoOx-mC 

Abundant catalytically active sites, and accelerated 

electron transfer 

Oxygen reduction and hydrogen evolution reactions 764 

g-C3N4-MoS2-

Fe3O4-SiO2 

Extended light response range, intimate contact 

interface, improved separation of charge carriers, 

higher photocurrent density, and improved lifespan 

electron-hole pairs 

Photocatalytic H2 evolution 

>95% degradation of rhodamine B in 1 h 

765 

g-C3N4-MoS2-G Enhanced visible-light absorption, and accelerated 

charge transfer 

Photocatalytic H2 evolution 

 

766 

g-C3N4-MoS2-NiS Enhanced visible-light absorption, and charge 

separation efficiency 

~100% degradation of methyl orange in 45 min, 

~70% degradation of ciprofloxacin in 2h, ~96% 

degradation of tetracycline hydrochloride in 2 h 

767 

g-C3N4-MoS2-GO Improved light absorption and accelerated separation 

of photogenerated electron-hole pairs 

~100% degradation of methyl blue, ~80% degradation 

of rhodamine B, and ~70% degradation of crystal 

violet in 1 h, and 80% photoreduction of Cr(VI) in 2 h 

768 

g-C3N4-MoS2-G Well-contacted interface and fast charge transfer ~95% degradation rhodamine B in 20 min 769 

g-C3N4-MoSe2 Effective light absorption, high-efficiency separation of 

photoexcited electron-hole pairs 

Photocatalytic H2 evolution 770 

S-doped g-C3N4-Ni Enhanced dispersion of Ni NPs, upshifted VB 

potential, narrowed bandgap, improved electron 

transfer rate, and charge separation efficiency 

Photocatalytic H2 production 771 

S-doped g-C3N4-Ni Enhanced charge separation, and self-catalytic 

reactions 

Photocatalytic H2 production 772 

g-C3N4-NiAl Excellent interfacial contact, suppressed recombination 

and improved transfer and separation of 

photogenerated charge carriers 

Photocatalytic CO2 reduction 773 

P-doped g-C3N4-

NiFe2O4  

Increased light-absorption capacity, high exciton 

separation, and low photogenerated electron–hole 

recombination 

~96% conversion of phenol 

Photocatalytic H2 evolution rate of 904 µmol/h 

774 

g-C3N4-Ni3B-

Ni(OH)2 

Promoted charge separation, reduced overpotential, 

and boosted electron-hole pairs separation 

Photocatalytic H2 evolution 775 

g-C3N4-Ni0.4Mo0.6 Promoted separation of photogenerated electron-hole 

pairs 

Photocatalytic H2 evolution 776 

g-C3N4-NiO Enhanced light absorption, and promoted photoinduced 

electron-hole pair separation, and abundant active sites  

Overall H2O splitting 777 

g-C3N4-NiO Effective light harvesting, and promoted migration and 

separation of photogenerated charge carriers 

Photocatalytic H2 evolution 778 

g-C3N4-NiO Enhanced visible-light absorption, and efficient 

separation of photogenerated electron-hole pairs 

Photocatalytic CO2 reduction 779 

g-C3N4-β-Ni(OH)2 Inhibited recombination of electron-hole pairs and 

prolonged lifetime of photogenerated holes 

Photocatalytic H2O splitting 780 

g-C3N4-Ni2P Enhanced transfer and separation of charge carriers Photocatalytic H2 evolution 781 

g-C3N4-Ni2P Enhanced light absorption, and quicker electron-hole 

pairs separation and transfer in the Z-scheme system 

~100% photocatalytic inactivation of E. coli-K12 in 4 

h; and photocatalytic H2 evolution 

782 

g-C3N4-Ni2P Good electrical conductivity, and hampered 

recombination of electron-hole pairs 

Photocatalytic H2 evolution 783 

g-C3N4-Ni2P-P Enhanced light absorption, superior electron mobility, 

and accelerated charge separation/transfer, and 

promoted surface reduction reaction 

H2 evolution reaction 784 

g-C3N4-Ni2P-Ni-C Effective and rapid separation of the photo-generated 

charges from excited Eosin Y and g-C3N4 to Ni2P/Ni 

with carbon as an electron transport bridge, intimate 

contact of each components, staggered band alignment 

Photocatalytic H2 evolution 785 
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among g-C3N4, Ni and Ni2P, as well as accelerated 

proton reduction reaction by Ni2P/Ni nanoparticles 

g-C3N4-Ni3C Rapid transportation/separation of charge carriers Optimal H2 evolution rate of 15.18 μmol/h 786 

g-C3N4-Ni12P5 Formation of intimate contact interfaces and facilitated 

separation and transfer of photogenerated charge 

carriers 

Photocatalytic H2 evolution 787 

g-C3N4-NiS Promoted separation of photogenerated electron-hole 

pairs 

Photocatalytic H2 evolution 788 

g-C3N4-NiS-C Nanocarbon acts as effective H2-evolution co-catalysts 

but can also serves as conductive electron bridges to 

collect photogenerated electrons and boost the H2-

evolution kinetics over the NiS co-catalysts 

Optimized photocatalytic H2 evolution rates are 366.4 

and 297.7 μmol/h/g  

789 

g-C3N4-Ni-Mn Enhanced light absorption, prolonged life time of 

electron 

O2 and H2 evolution reactions 

>99% degradation of rhodamine B in 8 min 

790 

g-C3N4-Ni-NiOx NiOx acts as a hole-transporting medium for improved 

separation of photogenerated carriers 

Photocatalytic H2 evolution rate of 524.1 μmol/g/h 791 

g-C3N4-Ni-metal 

organic framework 

Lowered recombination of charge carriers Photocatalytic H2 evolution 792 

g-C3N4-Pd Increased separation of electron-hole pairs, altered 

excitation manner of electrons, and accelerated H2 

evolution kinetics 

Hydrogen evolution reaction 793 

g-C3N4-Pd Surface plasmon resonance, extended spectrum 

response, and suppressed recombination of charge 

~54% degradation of 2-chlorodibenzo-p-dioxin in 4 h 794 

g-C3N4-Pt Tailored bandgap, and inhibited recombination of 

photoexcited electron-hole pairs 

H2 and O2 evolution rate of 41.5 and 20.3 μmol/h/g, 

respectively, and apparent quantum efficiency of 

0.43% 

795 

g-C3N4-Pt High surface area, inhibited particle aggregation, and 

fast mass transfer  

Methanol oxidation reaction 796 

g-C3N4-Pt Good particle dispersion and improved interface charge 

transfer and separation 

Photocatalytic H2 evolution 797 

g-C3N4-Pt Enhanced visible light absorption, and efficient 

interfacial transfer of photogenerated electron 

Photocatalytic CO2 reduction 798 

g-C3N4-Pt-ZrO2 Carrier lifetime and transferability are adjusted due to 

the electron redistribution, and large work function of 

reaction energy barriers 

Photocatalytic H2 evolution rate of 722.5 μmol/h/g 799 

g-C3N4-Ru 

g-C3N4-Au 

Enhanced electrochemiluminescence effect The dual targets of CA125 and SCCA are detected 

within the linear ranges of 0.001–100 U/mL and 

0.001–100 ng/mL, with detection limits of 0.4 

mU/mL and 0.33 pg/mL, respectively 

800 

g-C3N4-RuP Accelerated transfer rate of electrons, and retrained 

recombination of charge carriers 

Photocatalytic H2 production 801 

g-C3N4-Se Promoted electron transfer and improved catalytic 

oxidation ability 

Detect xanthine at a detection limit of 1.6×10-8 mol/L 

by using 3,3,5,5-tetramethylbenzidine as a substrate 

802 

g-C3N4-Sb-SnO2 Efficient separation of photogenerated charge and 

inhibited recombination of electron-hole pairs 

Photocatalytic CO2 reduction 

Oxidation of iso-isopropanol 

803 

g-C3N4-Sn3O4 Improved surface-active sites, SSA, and separation 

efficiency of charge carriers in Z-scheme system 

~70% degradation of tetracycline in 2 h 804 

g-C3N4-SnS2 Low recombination rate and efficacious charge transfer 

of photogenerated carriers 

Photocatalytic H2 generation 805 

g-C3N4-SnS2 Fast charge transfer in the internal-electric-field in the 

Z-scheme system 

Photocatalytic CO2 reduction 806 

g-C3N4-SnS2 Well-matched overlapping band-structure, outstanding 

photocurrent response, and low recombination rate of 

photoexcited electron-hole pairs 

Detection of prostate specific antigen (PSA) in human 

serum in the range of 50 fg/mL to 10 ng/mL with a 

low detection limit of 21 fg/mL 

807 
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g-C3N4-SnS2-SnO2 Strong light absorption, fast carriers transfer, and high 

electron-hole separation efficiency 

~100% reduction of Cr(VI) in 1 h 808 

g-C3N4-SnS3 Inhibited electron-hole pairs recombination in the Z-

scheme system 

Photocatalytic CO2 reduction 809 

g-C3N4-Sr Presence of vertical charge channel and localized 

excess electrons 

Photocatalytic NO oxidation 810 

g-C3N4-SrO2 Inhibited recombination of electron-hole pairs ~90% degradation of rhodamine B in 60 min 811 

g-C3N4-SrTiO3 Enhanced light absorption, fast photogenerated charge 

transfer, and efficient electron separation due to the 

built-in electric field 

Photocatalytic H2 generation 812 

g-C3N4-SrZnTiO3 Enhanced light absorption, and fast electron and charge 

separation and transfer 

~93.1% and 82.2% degradation of rhodamine B and 

indigo carmine 

813 

g-C3N4-Ta2O5 Accelerated charge separation and transfer Overall H2O splitting 814 

g-C3N4-TiO2-C Enhanced visible light absorption, and efficient carrier 

separation and transfer 

~98.6%, 94.0%, and 95.3% degradation of methylene 

blue, tetracycline, and norfloxacin, respectively, with 

degradation rate constant of 0.0441, 0.0302, and 

0.0125 min-1 

815 

g-C3N4-TiO2 The 3D structure can not only effectively improve the 

adsorption-enrichment capability, but also supply 

multidimensional mass and electron transfer channels, 

and enhanced separation and migration of 

photogenerated carriers 

~30.8% removal rate for phenol in 2 h 816 

g-C3N4-TiO2 Large SSA, abundant active surface sites, and 

promoted separation of photo-generated carriers 

Photocatalytic H2 evolution 817 

g-C3N4-TiO2 Enhanced light absorption, lower charge transfer 

resistance, and promoted charge carrier separation and 

transportation in the Z-scheme system 

Photoelectrochemical H2O splitting 818 

g-C3N4-TiO2 Large SSA, inhibited particle aggregation, and 

enhanced electron transfer 

~88.1% and ~54.4% removal of M. aeruginosa and 

microcystin-LR, respectively 

819 

g-C3N4-TiO2 Large SSA, enhanced electron transfer rate, and 

repressed recombination of photogenerated electron-

hole pairs 

~69% degradation of sulfamethoxazole in 30 h 820 

g-C3N4-TiO2 High charge transfer rate (inhibited recombination of 

electron-hole pairs), large interfacial area, and high 

barrier for conduction bending 

~100%, 97%, 74%, and 73% degradation of 

rhodamine B, congo red, ciprofloxacin, and phenol, 

respectively; and photocatalytic H2 generation 

821 

g-C3N4-TiO2 Large SSA and inhibited electron-hole pairs 

recombination in the Z-scheme system 

~79.5% degradation of isoniazid in 4 h 822 

g-C3N4-TiO2 Z-scheme charge transfer and separation ~67% degradation of rhodamine B in 5 h 823 

g-C3N4-TiO2 High electron-hole pairs separation and transfer Simultaneous photoreduction (~82.66%) of U(VI) and 

photooxidation (~41.18%) of As(III) 

824 

g-C3N4-TiO2 Reduced recombination of charge carriers and 

improved photoelectric conversion ability 

Photoelectrochemical O2 evolution 825 

g-C3N4-TiO2 Enlarged SSA and inhibited electron-hole pairs 

recombination 

Photocatalytic H2 evolution 826 

g-C3N4-TiO2 High SSA, efficient charge separation and electron 

transfer 

Photocatalytic H2 evolution 

~95% degradation of rhodamine B in 2 h 

827 

g-C3N4-TiO2 Enhanced light absorption, and charge separation  ~100% degradation of phenol in 2.5 h 828 

g-C3N4-TiO2 Enhanced electron transfer in the redox reactions ~100% degradation of 4-fluorophenol, ~100% 

reduction of Cr(VI), and 100% oxidation of As(III), 

respectively, in 1.5 h 

829 

g-C3N4-TiO2 Effective charge separation and electron transfer ~30% removal rate of phenol with 19.8% 

mineralization degree 

830 

g-C3N4-TiO2 Adequate separation of photogenerated electrons at the 

heterojunction interfaces 

~100% degradation of methyl orange in 1 h and ~95% 

degradation of phenol in 80 min 

831 
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g-C3N4-TiO2 Enhanced light adsorption, increased donor density, 

and prolonged life of charge carries are achieved by 

variation of bandgap and the formation of heterojuction 

between the two kinds of nanosheets, facilitating 

separation and transfer of charge carriers 

Photocatalytic H2 evolution rate as high as 18200 

μmol/h/g 

832 

g-C3N4-TiO2 Well dispersion of particle, and photoelectrochemical 

effect 

A low detection limit of 0.048 U/mL of protein kinase 

A 

833 

g-C3N4-TiO2 Large SSA, enhanced visible light excitation, and 

retarded photo-generated charge recombination 

Performance of the photoelectrochemical enzyme 

biosensor with a 0.05–16 mM linear range and a 0.01 

mM glucose detection limit. 

834 

g-C3N4-TiO2-Au Extended visible-light response (surface plasmon 

resonance of Au), and enhanced charge separation and 

transfer in the nanocomposites 

~46% and 37% degradation of 2,4-dichlorophenol and 

bisphenol A, respectively 

835 

g-C3N4-TiO2-

BiPO4 

Effective charge carrier separation ~90% degradation of phenol in 2 h 836 

g-C3N4-TiO2-C Abundant surface defects, high electron-donating 

ability, suitable light harvesting ability, excellent 

charge transport properties, and strong N activation 

ability 

Nitrogen photo-fixation 837 

g-C3N4-TiO2-Cu-

Ni 

Improved light absorption, facile charge separation, 

and efficient surface catalysis 

Photoelectrochemical oxygen evolution 

~75% degradation of rhodamine B in 3 h 

838 

g-C3N4-TiO2-D35 Excellent charge separation, narrowed visible-light 

absorption range, and accelerated charge transfer 

~100% degradation of bis-phenol A in 15 min, and 

~50% mineralization of bis-phenol A to nontoxic 

substances 

839 

g-C3N4-TiO2-N-

doped G 

Suppressed the photogenerated charges recombination 

and improved photo-to-current conversion efficiency 

Detection of pcDNA3-HBV in the linear range of 

0.01 fM to 20 nM, and detection limit of 0.005 fM 

840 

C3N4-TiO2-Nafion C3N4-TiO2-Nafion membrane for CO2 reduction Carbon converted rate is 61 μmol/h/g 841 

g-C3N4-TiO2-G Excellent electrical conductivity and high photon-to-

electron conversion efficiency and improved the 

sensitivity of the cytosensor 

Ultrasensitive detection of fibroblast-like synoviocyte 

cells in the range of 1.0×104 to 10 cells per mL 

842 

g-C3N4-TiO2-RGO Larger SSA, stronger visible light absorption capacity, 

lower fluorescence intensity, and higher photocurrent 

intensity, increased active sites of the catalysts, and 

enhanced mobility of photoinduced carriers 

Removal of Cr(VI) 843 

g-C3N4-TiO2-RGO Large SSA, strong visible-light absorption, low 

fluorescence intensity, high photocurrent intensity, 

increased photocatalytic reaction site, and enhanced 

mobility of photoinduced carriers 

~90% removal of Cr(VI) in 4 h 844 

g-C3N4-TiO2-Ru Promoted separation efficiency of photogenerated 

electron-hole pairs 

Degradation of methyl blue 845 

g-C3N4-TiO2-WO3 Extended visible-light absorption, large SSA, efficient 

charge separation, and minimum electron-hole 

recombination rate 

~98% and ~97% removal of acetylsalicylate and 

methyl-theobromine, respectively 

846 

g-C3N4-Ti3+-TiO2 Photoinduced hydrophilicity, extended light 

absorption, and superior charge separation 

>25% NO removal 847 

g-C3N4-TiO2-ZnS Accelerated electron migration and prolonged lifetime 

of photoexcited electron 

Photocatalytic H2 evolution 848 

g-C3N4- TiO2-Ti-

SiO2 

Enhanced contaminant adsorption, extended visible-

light response, and prevented recombination of 

photogenerated electron-hole pairs 

~98.5% degradation of phenol, 97% reduction of 

Cr(VI), and photocatalytic H2 evolution 

849 

g-C3N4-TiO2-

kaolinite 

Improved light harvesting and enhanced separation and 

transfer of electrons 

~90% degradation of ciprofloxacin 

Disinfection of S. aureus 

850 

g-C3N4-Mn-N-

TiO2-CDs 

Better separation of photogenerated electron-hole pairs Photodegradation of p-nitrophenol, diethyl phthalate, 

and ciprofloxacin 

Photocatalytic H2 production 

851 
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g-C3N4-TiO2-

Fe3O4-SiO2 

Extended visible-light absorption, and inhibited 

recombination of photogenerated electron-hole pairs in 

Z-scheme system 

~97% removal of ibuprofen in 15 min 852 

g-C3N4-UiO-66 Declined recombination of photo-induced charge 

carriers in the Z-scheme system 

~100% photocatalytic reduction of Cr(VI) in 1.5 h 853 

g-C3N4-UiO-66 Large SSA, enhanced adsorption of contaminants, 

altered bandgap, enhanced photoelectron transfer, and 

decreased recombination of electron-hole pairs 

~100% degradation of methylene blue in 4 h 854 

g-C3N4-UiO-66 Enhanced separation and migration rate of 

photoinduced charges 

~100% degradation of rhodamine B in 6 h 855 

g-C3N4-VS2 Large surface area, and effective electron-hole 

separation and electron transfer 

Photocatalytic H2 evolution 856 

g-C3N4-WO3 Promoted charge transfer and separation in the Z-

scheme system 

Photocatalytic aerobic alcohol oxidation 857 

g-C3N4-WO3 Effective separation of photoinduced hole-electron 

pairs, and extended lifetime of charge carriers in Z-

scheme system 

~80% degradation of tetracycline hydrochloride and 

~70% degradation of ceftiofur sodium 

858 

g-C3N4-WO3 Boosted the charge transfer and decreased charge 

carrier recombination 

Detection of glucose in the linear range of 0.01-7.12 

mM and detection limit of 0.1 μM 

859 

g-C3N4-W18O49 Enhanced light absorption, and fast transfer route for 

photogenerated electrons 

>99% selectivity and >90% conversion of benzyl 

alcohol to benzoic acid 

860 

g-C3N4-WO3-RGO Good charge separation in the Z-scheme system >80% degradation of ciprofloxacin in 3 h 861 

g-C3N4-WS2 Suppressed recombination of electron-hole pairs Photocatalytic H2 evolution 862 

g-C3N4-Zn Improved dispersivity and surface area, and intensive 

electron-transfer 

~100% degradation of atrazine in 3 min in the 

presence of O3 

863 

N-doped g-C3N4-

Zn 

Enhanced light absorption, and facilitated interfacial 

charge separation 

~95% degradation of bisphenol A in 1 h in the 

presence of peroxymonosulfate  

864 

g-C3N4-ZnCr Enhanced spatial separation of electron-hole pairs  Photoelectrochemical H2O dissociation 865 

g-C3N4-ZnCr Promoted charge transfer and separation efficiency Photocatalytic H2 evolution 866 

g-C3N4-ZnFe Promoted charge separation in the Z-scheme system ~90% and ~100% degradation of ibuprofen and 

sulfadiazine, respectively, in 4 h 

867 

g-C3N4-ZnO Magnified charge potential, and Z-scheme electron and 

charge separation and transfer 

~98.9% degradation and 72.8% mineralization of 

cephalexin in 1 h 

868 

g-C3N4-ZnO Enhanced SSA, improved light absorption, and high 

efficient electron transfer in the Z-scheme system 

Photocatalytic CO2 reduction 869 

g-C3N4-ZnO-Fe3O4 Inhibited particle aggregation, large SSA, extended 

visible-light absorption, and inhibited recombination 

rate of electron-hole pairs 

~90.4% degradation of sulfamethoxazole in 1 h 870 

g-C3N4-ZnO-In2O3 Enhanced visible-light absorption, and inhibited 

recombination of electron-hole pairs 

~100% degradation of rhodamine B in 1 h 871 

g-C3N4-ZnS Intimate interfacial contact between g-C3N4 and ZnS 

NPs, increasing the light-absorbing capacity and 

charge separation efficiency of ZnS/g-C3N4 

heterojunction, and two-photo-excitation in the middle 

bandgap of ZnS 

Photocatalytic H2 production rate of 713.68 μmol/h/g 872 

g-C3N4-ZnIn2S4 Unique 2D/2D heterojunctions and intimate interfacial 

contact and larger contact area, promoting the 

separation and migration of photogenerated carriers 

Photocatalytic H2 production rate of 8601.16 

μmol/g/h under visible light irradiation 

Photocatalytic degradation of tetracycline 

873 

g-C3N4-ZnIn2S4 Enhanced photogenerated charge separation and 

migration  

Photocatalytic H2 production 874 

g-C3N4-Zn3In2S6 Suppressed electron-hole recombination and prolonged 

lifetime of charge carriers 

~100% degradation of methyl orange in 1 h 

Photocatalytic H2 production 

875 

g-C3N4-ZnV2O6 Hierarchical structure, higher interfacial interaction, 

abundant 2D coupling interfaces and efficient 

separation of charges 

Photocatalytic CO2 reduction 876 
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g-C3N4-ZnV2O6 

g-C3N4-ZnV2O6-

RGO 

Well-designed ternary heterojunction with hierarchical 

structure and efficient charges separation by RGO, 

high visible-light absorption, and improved charges 

separation 

High CH3OH production of 3488 μmol/g/cal 877 

g-C3N4-Zn-di-

PcNcTh-2 

Introduced diphenylthiophenol substituents, π-electron-

rich thiophene and carboxyl-naphthalene units benefit 

the efficient red/near-infrared-driven H2 evolution 

The average H2 evolution activity of 232 μmol/h with 

an extremely high turnover number of 23187 h−1 

under visible light (λ ≥ 420 nm) irradiation 

878 

g-C3N4-ZnO-GO Increased absorption of visible light, and improved 

charge separation efficiency 

~99.5% degradation in 15 min 879 

g-C3N4: graphitic carbon nitride. 
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 Synthetic Methods for Carbon Dots-Metal Nanohybrids 

Table S5. Physical Mixing Method. 

Type Procedures and Protocols Ref. 

CDs-Au Mixing anisotropic Au nano-species with long-chain anionic carboxylate functionalized CDs in the presence of 

cetyltrimethylammonium bromide 

880 

CDs-Au Physical mixing of CDs and Au nanoclusters solutions for 12 h at room temperature 881 

CDs-Au Physical mixing of amino-functionalized CDs and reduced glutathione modified Au nanoclusters with sonication 

in the dark at room temperature for 30 min 

882 

CDs-Cu Physical mixing of Cu nanoclusters and CDs solution under stirring for 8 h  883 

CDs-Eu Physical mixing of C- and D- co-doped CDs and Eu-metal-organic frameworks with stirring for 2 h and then 

transferred in an oven at 85 °C for 16 h 

884 

CDs-Ru Physical mixing of Ru and CDs solutions in the presence of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 

hydrochloride, N-hydroxysuccinimide, and ethylenediaminenigericin with vigorous stirring for 24 h at room 

temperature 

885 

CDs-TiO2 Refluxing H-TiO2 nanobelts in CDs solution at 90 °C for 3 h 549 

CDs-TiO2 TiO2 nanosheets were dispersed in CDs solution followed by drying at 60 °C overnight 886 

CDs-TiO2 Physical mixing of CDs solution and TiO2 NPs under ultrasonication 887 

CDs-TiO2 Physical mixing of TiO2 (P25) and N-doped CDs solution under ultrasonication for 30 min, followed by heating 

at 80 °C for 12 h under vigorous stirring 

556 

CDs-ZnO Stirring of nitrogen-doped ZnO and CDs solution at room temperature 568 

CDs-ZnO Soaking ZnO nanorods in ethanol solution of CDs for 24 h 888 

CDs-Fe3O4 Fe3O4 was dispersed in CDs solution via ultrasonication for 30 min, and then vacuum dried at 80 °C for 12 h 889 

CDs-δ-FeOOH Physical mixing of δ-FeOOH and CDs solution with vigorous stirring for 30 min and then dried in a vacuum-

driven oven at 65 °C for 1 h 

532 

CDs-RuO2 Mixing RuO2 powders in reduced CDs solution with stirring for 1 h followed by drying in a vacuum oven at 65 

°C for 12 h  

890 

CDs-Au-SiO2 Physical mixing of SiO2-coated Au nanorods with CDs solutions with magnetic stirring at room temperature for 

4 h 

891 

CDs-BiVO4 Refluxing the BiVO4 dispersion in CDs solution at 90 °C for 3 h 892 

CDs-NiCo2S4 Physical mixing of NiCo2S4 and CDs solutions with ultrasonication for 30 min 893 

CDs-CuAlO2-ZnO Physical coating 894 

CDs-Fe3O4-SiO2 Physical mixing of CDs and EDTA-Ni complex functionalized SiO2 coated Fe3O4 895 

CDs-CdSe-SiO2 Physical mixing of organosilane-functionalized CDs to a mixture of toluene containing CdSe-SiO2 at 113 °C for 

12 h with stirring 

896 

Drawbacks: Poor interactions between CDs and metal/metal oxide NPs. 
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Table S6. Chemical Reduction Method. 

Type Procedures and Protocols Ref. 

CDs-Au CDs acting as reducing and shape-directing agents to reduce HAuCl4 with stirring for 3 h 897 

CDs-Au CDs-Ag 

CDs-Pd 

CDs-Pd-Au-Ag 

CDs act as a reducing agent in the presence of H2PtCl6, AuCl3, and (or) AgNO3 and NaOH by stirring for 6 h 898 

CDs-Au 

CDs-Ag 

In-situ reduction of metal (Ag+ and Au3+) ions and subsequent carbonization of Citrus limon (lemon) extract to 

synthesize CDs-Ag/Au nanohybrids using one-pot microwave assisted technique 

899 

CDs-Au Heating the CDs solution and HAuCl4 at 70 °C in a water bath for 10 min 900 

CDs-Au Reduced state CDs as a reducing agent 901 

CDs-Au Poly(amidoamine) dendrimers capped-CDs as reducing and capping agent at 100 °C for 2 h under constant 

stirring 

902 

CDs-Au Dropwise adding HAuCl4 solution to CDs solution with vigorous magnetic stirring in dark environment at room 

temperature 

903 

CDs-Au HAuCl4 was added in CDs solution in the presence of PEG-200 in dark conditions at room temperature 904 

CDs-Au Chemical reduction of HAuCl4 by formic acid 905 

CDs-Ag CDs act as a reducing agent under ultraviolet irradiation 906 

CDs-Ag CDs act as a reducing agent in a water bath at 50 °C 900 

CDs-Ag Reduced state CDs as a reducing agent 901 

CDs-Pd CDs act as a reducing and stabilizing agent 907 

CDs-Cu2O CDs act as reducing and capping agents at 70 °C in the presence of ammonia 908 

CDs-MnO2-

Graphene 

CDs act as a reducing agent at 75 °C for 2 h under continuous stirring 909 

Advantages: CDs act as a stabilizing agent due to the presence of oxygeneous functional groups 

(e.g., hydroxyl, carbonyl, carboxylic acid, and epoxy groups) during formation of metal/metal 

oxide NPs. 
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Table S7. Hydrothermal/Solvothermal Method. 

Type Procedures and Protocols Ref. 

CDs-TiO2 Hydrothermal reaction of critical acid monohydrate, NH3.H2O, and TiO2 nanosheets in a Teflon-lined stainless-

steel autoclave at 160 °C for 4 h 

552 

CDs-TiO2 In-situ hydrothermal treatment of CDs and Ti(SO4)2 in a Teflon autoclave at 200 °C for 6 h 555 

CDs-TiO2 TiO2 and CDs were mixed together by a solvothermal reaction at 14 °C for 4 h 910 

CDs-TiO2 Hydrothermal reaction using bidentate complexes of TiO2 NPs and nanowires with vitamin-C at 90 °C for 4 h 911 

CDs-TiO2 Hydrothermal reaction by mixing TiCl3 and NaCl with N-doped CDs solutions at 100 °C for 12 h in a Teflon-

lined stainless-steel autoclave 

912 

CDs-TiO2 Solvothermal reaction at 140 °C for 4 h after mixing TiO2 nanofibers and CDs in water-ethanol mixture by 

stirring at room temperature 

913 

CDs-TiO2 In-situ hydrothermal technique by mixing citric acid-glycerol precursors with titanium butoxide at 150 °C for 8 

h in a muffle furnace 

914 

CDs-TiO2 Hydrothermal reaction of TiO2 nanorods and N-doped CDs 915 

CDs-α-Fe2O3 Chemical coprecipitation at 90 °C 530 

CDs-NiO Hydrothermal treatment of Ni(NO3)2 and C6H5COONa at 95 °C for 48 h followed by heating at 80 °C for 24 h 916 

CDs-NiFe Solvothermal reaction at 120 °C for 12 h followed by mixing Ni(OAc)2 and Fe(NO3)3 solutions by vigorous 

stirring at 85 °C for 4 h 

917 

CDs-ZnS Hydrothermal reaction at 90 °C for 3 h by mixing ZnS in CDs solutions via refluxing in an oil bath 918 

CDs-CdS Electrophoretic and sequential chemical bath deposition method 519 

CDs-CdS Hydrothermal reaction of CdS NPs and CDs solution with ultrasonication for 1 h at room temperature and then 

transferred into a Teflon-lined autoclave at 180 °C for 6 h 

520 

CDs-VO2 Hydrothermal reactions of NH4VO3, HCl, and CDs solution  919 

CDs-Cu2O Hydrothermal/ultrasonic treatment of CuCl2, SDS, NH2OH.HCl, NaOH, and glucose solution with stirring 500 

CDs-Bi2S3 Hydrothermal reaction of CDs dispersed in ethylene glycol, Bi(NO3)3, Na2S, and CON2H4 at 120 °C for 12 h 513 

CDs-BiOBr One-pot solvothermal reaction of N-doped CDs, Bi(NO3)3.5H2O, ethylene glycol, and cetyltrimethylammonium 

bromide in a Teflon-lined stainless-steel autoclave at 140 °C for 12 h 

507 

CDs-BiWO6 Hydrothermal reaction of Na2WO4.2H2O, Bi(NO3)3.5H2O, cetyltrimethylammonium bromide, and CDs in 

Teflon-lined autoclave at 120 °C for 24 h 

515 

CDs-Bi2MoO6 Hydrothermal treatment of Na2MoO4.2H2O in CDs solution followed by adding Bi(NO3)3.5H2O with stirring for 

2 h 

504 

CDs-Na2W4O13-

WO3 

Solvothermal reaction of 6 mM WCl6, 0.006 mM PdCl2, and 36 mM NaOH in a 100 mL Teflon-lined autoclave 

at 200 ⁰C for 6 h 

537 

CDs-NiCo2O4 Solvothermal reaction at 180 °C for 3 h by mixing CDs, Ni(Ac)2.4H2O and Co(Ac)2.4H2O in ethylene glycol 

solvent in the presence of polyvinylpyrrolidone 

920 

CDs-Ni-Al One-step solvothermal reaction of Ni(NO3)2.6H2O, Al(NO3)3.9H2O, and CO(NH2)2 with vigorous stirring at 

room temperature for 1 h 

921 

CDs-SnO2-Co3O4 Hydrothermal reaction using CDs, triethanolamine, Co(NO3)2.6H2O, and SnCl4.5H2O as precursors with stirring 

at 120 °C for 24 h 

922 

CDs-CoS2-MnS Hydrothermal reaction of Co(NO3)2.6H2O, C4H6MnO4.4H2O, NH4F, urea, and CDs solutions in Teflon-lined 

stainless-steel autoclave at 120 °C for 6 h 

525 

CDs-NiCo2O4 Hydrothermal reaction of Ni(NO3)2.6H2O, Co(NO3)2.6H2O, and N-doped CDs in ethanol-water solution at room 

temperature followed by adding urea 

923 

CDs-Ti-α-Fe2O3 Hydrothermal reaction of CDs, Fe3+, NaNO3 solutions and Ti sheet in a Teflon-lined stainless-steel autoclave at 

100 °C for 6 h 

565 

CDs-BiOCl-BiVO4 Hydrothermal reaction of BiVO4 powders, HCl, and N-doped CDs solutions at 180 °C for 10 h 924 

CDs-MoS2-

Mn/CoFe2O4 

One-pot solvothermal reaction of MoS2, FeCl3.6H2O, MnSO4.2H2O, and CDs in a Teflon-lined stainless-steel 

autoclave at 200 °C for 12 h 

574 

In this technique, nanohybrids are prepared by the mixing of aqueous solution of the metals salts 

with either CDs or carbon precursors of CDs before performing the required 

hydrothermal/solvothermal treatment. This technique is mainly used to achieve controlled size 
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and shape of the nanohybrids as well as to establish strong interactions between the metal NPs 

and CDs. 
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 Synthetic Methods for g-C3N4-Metal Nanohybrids 

Table S8. Physical Mixing Method. 

Type Procedures and Protocols Ref. 

g-C3N4-CsxWO3 Physical mixing of CsxWO3 and g-C3N4 solution under ultrasonication for 4 h 700 

g-C3N4-MoSe2 Physical mixing of g-C3N4 and MoSe2 in DMF/hexane/ethanol mixture under ultrasonication for 1 h 770 

g-C3N4-Co2P Physical mixing of well-dispersed g-C3N4 and Co2P under ultrasonication for 1 h 686 

g-C3N4-Ni12P5 Physical mixing of well-dispersed g-C3N4 and Ni12P5 under ultrasonication for 1 h  787 

g-C3N4-ZnCr Dripping exfoliated ZnCr formamide suspension into bulk g-C3N4 water suspension under vigorous stirring 

followed by stirring for another 30 min and then aged for 24 h at room temperature 

866 

g-C3N4-CsxWO3 Physical mixing of g-C3N4 nanosheets with CsxWO3 suspensions under vigorous stirring for 24 h 699 

g-C3N4-Ag3PO4-N 

doped CDs 

Physical mixing of as-prepared g-C3N4-Ag3PO4 and CDs solution under ultrasonication and stirring for 24 h 606 

g-C3N4-MoS2-G Physical mixing of g-C3N4, HCl solution, and MoS2-G under strong stirring at 90 °C for 3 h  769 
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Table S9. Chemical or Photo-Reduction Method. 

Type Procedures and Protocols Ref. 

g-C3N4-Au Chemical reduction of HAuCl4 by NaBH4 solutions followed by adding citrate solution dropwise with stirring 

for 30 min 

925 

g-C3N4-Ag Chemical reduction of AgNO3 solution by NaBH4 solution in the presence of g-C3N4 583 

g-C3N4-Ag Photoreduction of AgNO3 solution containing polyvinylpyrrolidone in the presence of g-C3N4 under solar light 

irradiation for 1.5 h 

31 

g-C3N4-Ag Chemical reduction of AgNO3 by NaBH4 solution in the presence of S-doped g-C3N4 584 

g-C3N4-Au-Pd Chemical reduction of HAuCl4 and PdCl2 HCl solution by NaBH4 solution in the presence of sodium citrate and 

g-C3N4  

926 
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Table S10. Hydrothermal/Solvothermal Method. 

Type Procedures and Protocols Ref. 

g-C3N4-Ag-AgCl-

BiVO4 

One-pot hydrothermal reaction of BiCl3 solution, NH4VO3, ethanolamine, AgNO3, BiVO4, and g-C3N4 in a 

Teflon-lined stainless-steel autoclave at 180 °C for 12 h 

593 

g-C3N4-CoO Solvothermal reaction of Co(CH3COO)2.4H2O and g-C3N4 in n-octanol and ethanol by stirring for 2 h followed 

by reaction in Teflon-lined stainless-steel autoclave at 220 °C for 4 h 

678 

g-C3N4-Fe Solvothermal reaction of g-C3N4, dimethylformamide, and FeCl3.6H2O in a Teflon liner at 150 °C for 24 h 705 

g-C3N4-ZnS Hydrothermal reaction of g-C3N4 solution, Zn2+ solution, and thioacetamide in a Teflon-lined autoclave at 120 

°C for 4 h  

927 

g-C3N4-ZnS Hydrothermal reaction of Zn(Ac)2.2H2O, Na2S.9H2O, and g-C3N4 in a Teflon-lined autoclave at 160 °C for 12 h 872 

g-C3N4-ZnIn2S4 Solvothermal reaction of Zn(NO3)2.6H2O, In(NO3)3.4.5H2O, trisodium citrate, g-C3N4, and thioacetamide in a 

Teflon-lined stainless-steel autoclave at 160 °C for 1 h 

874 

C3N4-NiS Hydrothermal reaction of C3N4, nickel(II) acetate, and thioacetamide solutions in an autoclave at 120 – 200 °C 

for 4 – 22 h 

928 

g-C3N4-UiO-66 One-pot solvothermal reaction of g-C3N4, ZrCl4, terephthalic acid, and N, N-2-dimethylformamide under 

ultrasonication, and then transferred into a Teflon-lined stainless-steel autoclave at 120 °C for 24 h 

855 

g-C3N4-β-Ni(OH)2 One-pot hydrothermal reaction of g-C3N4 and NiCl2 solution in a Teflon stainless-steel autoclave at 120 °C for 

12 h 

780 

g-C3N4-CdS-Mn Hydrothermal reaction of CdS-Mn quantum dots and g-C3N4 666 

g-C3N4-BiOCl Solvothermal reaction of g-C3N4, Bi(NO3)3.5H2O, PVP, glycerol, and NaCl solution in a Teflon-lined stainless-

steel autoclave at 160 °C for 6 h 

649 

g-C3N4-Bi2MoO6 One-pot solvothermal reaction of g-C3N4 and Bi2MoO6 NPs in a Teflon-lined autoclave at 160 °C for 24 h 929 

g-C3N4-Bi2WO6 Hydrothermal reaction of g-C3N4, Bi(NO3)3.5H2O, and Na2WO4.2H2O in a Teflon-lined autoclave at 140 °C for 

12 h 

654 

g-C3N4-SnS2-SnO2 Solvothermal reaction of g-C3N4 and SnS2/SnO2 in methanol in a Teflon-lined stainless-steel autoclave at 140 °C 

for 4 h  

808 

g-C3N4-GO-MoS2 Hydrothermal reaction of GO, g-C3N4, acetic acid, cetyltrimethylammonium bromide, and sodium molybdate in 

a Teflon-lined stainless-steel autoclave at 200 °C for 24 h  

768 

g-C3N4-Mn-N-

TiO2-CDs 

Hydrothermal reaction of Mn-N-TiO2, CDs, and g-C3N4 solutions in an alumina crucible at 400 °C for 1 h 851 
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