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uydrogenGrvolutionG–eactionVGAdvancedjFunctionaljMaterialsTG2021TG[YTGZXXebY[ 15.6 47

77 zorphologyUcontrolGandGtemplateUfreeGfabricationGofGbimetallicGpuâ��NiGalloyGrodsGforGethanolG
electroUoxidationGinGalkalineGmediaVGJournaljofjAlloysjandjCompoundsTG2021TGdaaTGYac][d 5.7 7

76 nGmultifunctionalGcoreâ��shellGnanoreactorGwithGuniqueGfeaturesGofGsinteringGresistanceGforG
highUperformanceGethanolGsteamGreformingGreactionVGFuelTG2021TGZdcTGYYeaY] 7.1 3

75 phargeGpumpingGenablingGpoâ��NpGtoGoutperformGbenchmarkG“tGcatalystGforGpuUuniversalGhydrogenG
evolutionGreactionVGEnergyjandjEnvironmentaljScienceTG2021TGY]TG[YbXU[Yc[ 35.4 30

74 I—uperaerophobicIGNipoGbimetallicGphosphidesGforGhighlyGefficientGhydrogenGevolutionGreactionG
electrocatalystsVGChemicaljCommunicationsTG2021TGacTGbYc[UbYcb 5.8 4

73 “oly[ZUOmethacryloyloxyPethylGphosphorylcholine]U—tabilizedGgrapheneUironGoxideGcompositesGforG
waterGsplittingVGInternationaljJournaljofjHydrogenjEnergyTG2021TG]bTGYXdaXUYXdbY 6.7 3

72 NanocatalystsGinGelectrosynthesisVGIScienceTG2021TGZ]TGYXZYcZ 6.1 3

71 —ignificantlyGenhancedGelectrocatalyticGactivityGofGcopperGforGhydrogenGevolutionGreactionGthroughG
femtosecondGlaserGblackeningVGInternationaljJournaljofjHydrogenjEnergyTG2021TG]bTGYXcd[UYXcdd 6.7 6

70 NiOOuPZUfreeGNipuGasGaGhydrogenGevolutionGandGoxidationGelectrocatalystVGElectrochemistryj
CommunicationsTG2021TGYZaTGYXbeee 5.1 4

69 −hermodynamicGsimulationGofGmetalGbehaviorsGinGpuZSUNiZSUNu[UNu]SUpZO]ZUUuZOGsystemVG
TransactionsjofjNonferrousjMetalsjSocietyjofjChinaTG2021TG[YTGY]caUY]d[ 3.3 1

68 –ecentGndvancesGinGNanoparticlesGponfinedGinG−woUqimensionalGzaterialsGasGuighU“erformanceG
rlectrocatalystsGforGrnergyUponversionG−echnologiesVGChemCatChemTG2021TGY[TGZa]YUZaad 5.2 1

67 nGsetariaUshapedG“dWNiUNpGelectrocatalystGforGhighGefficientGhydrogenGevolutionGreactionVGChemicalj
EngineeringjJournaljAdvancesTG2021TGbTGYXXYXY 3.6 4

66 rlectrocrystallizationGofGmetalsGonGaGrotatingGdrumUcathodeVGInternationaljJournaljofjHydrogenj
EnergyTG2021TG]bTGYbd]dUYbdab 6.7 1
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65 qesignGofGnewGanodicGbimetallicGnanocatalystGcomposedGofGNiâ��puGsupportedGbyGreducedGcarbonG
quantumGdotsGforGtheGmethanolGoxidationGreactionVGDiamondjandjRelatedjMaterialsTG2021TGYYaTGYXd[]d 3.5 0

64 toldUinUcopperGatGlowGRpOGcoverageGenablesGefficientGelectromethanationGofGpOVGNaturej
CommunicationsTG2021TGYZTG[[dc 17.4 20

63 uydrazineUassistedGelectrochemicalGhydrogenGproductionGbyGefficientGandGselfUsupportedG
electrodepositedGNiUpuU“mNiUpuGnanoUmicroGdendriteGcatalystVGElectrochimicajActaTG2021TG[dZTGY[d[[a 6.7 10

62
uierarchicalGuollowGzOsUqerivedGoambooUlikeGNUdopedGparbonGNanotubeUrncapsulatedGpoNiG
nlloyfGnnGrfficientGoifunctionalGOxygenGrlectrocatalystGforGZincUnirGoatteryVGACSjAppliedjMaterialsj
pamp;jInterfacesTG2021TGY[TG[X]dbU[X]eb

9.5 12

61 “rogressGinGcarbonUbasedGelectrocatalystGderivedGfromGbiomassGforGtheGhydrogenGevolutionG
reactionVGFuelTG2021TGZe[TGYZX]]X 7.1 14

60 trapheneUbasedGelectrocatalystsfGuydrogenGevolutionGreactionsGandGoverallGwaterGsplittingVG
InternationaljJournaljofjHydrogenjEnergyTG2021TG]bTGZY]XYUZY]Yd 6.7 26

59 trapheneGnickelGcopperGnanocompositeGOtrmNipuGNpsPGasGaGbinderGfreeGelectrodeGforGhighGenergyG
densityGsupercapacitorGandGantimicrobialGapplicationVGJournaljofjMateriomicsTG2021TGcTGdYaUdZc 6.7 4

58 nGuniversalGpoOWpo—eZGheterostructureGelectrocatalystGtowardsGhydrogenGevolutionGreactionGviaG
inUsituGpartialGsurfaceUoxidationUselenizationGmethodVGMaterialsjChemistryjandjPhysicsTG2021TGZbcTGYZ]b]]4.4 2

57 zOsUderivedGhollowGheterostructuresGforGadvancedGelectrocatalysisVGCoordinationjChemistryj
ReviewsTG2021TG][eTGZY[e]b 23.2 63

56 zanipulatingGtheGrlectronicG—tructureGofGNickelGnlloyingGwithGvronfG−owardGuighUxineticsG—ulfurG
pathodeGforGNaU—GoatteriesVGACSjNanoTG2021TGYaTGYaZYdUYaZZd 16.7 16

55 uierarchicalGNanostructuredGpoUzoUoWpozoOGnmorphousGpompositeGforGtheGnlkalineGuydrogenG
rvolutionG–eactionVGACSjAppliedjMaterialsjpamp;jInterfacesTG2021TGY[TG]ZbXaU]ZbYZ 9.5 3

54
oambooUlikeGNUdopedGcarbonGnanotubesGencapsulatingGzOpoTGsePUNiGalloyGforGelectrochemicalG
productionGofGsyngasGwithGpotentialUindependentGpOWuZGratiosVGFrontiersjofjChemicaljSciencejandj
EngineeringTGY

4.5 0

53 parbonGsupportedGNi[NWNiGheterostructureGforGhydrogenGevolutionGreactionGinGbothGacidGandG
alkalineGmediaVGInternationaljJournaljofjHydrogenjEnergyTG2021TG]bTG[Xc[eU[Xc]e 6.7 7

52 pathodicGplasmaGdrivenGselfUassemblyGofGurnsGdendritesGbyGpureGsingleGsppGsepoNiznpuG
nanoparticlesGasGhighGefficientGelectrocatalystsGforGOr–VGChemicaljEngineeringjJournalTG2021TG]ZaTGY[Ya[[14.7 8

51 —eleniumGtetheredGcopperGphthalocyanineGhierarchicalGaggregatesGasGelectrochemicalGhydrogenG
evolutionGcatalystsVGSustainablejEnergyjandjFuelsTG2021TGaTG[bYcU[b[Y 5.8 0

50 rmergingGcarbonGshellUencapsulatedGmetalGnanocatalystsGforGfuelGcellsGandGwaterGelectrolysisVG
NanoscaleTG2021TGY[TGYaYYbUYaY]Y 7.7 6

49 rxplorationGofGNiU“UoasedGpatalyticGrlectrodesGforGuydrogenGrvolutionG–eactionVGAdvancesjinj
ComputerjandjElectricaljEngineeringjBookjSeriesTG2021TG]cUbe 0.3

48 nGfastGandGgeneralGapproachGtoGproduceGaGcarbonGcoatedGwanusGmetalWoxideGhybridGforGcatalyticG
waterGsplittingVGJournaljofjMaterialsjChemistryjATG2021TGeTGcbXbUcbYb 13 6
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47 —upportingGnickelGonGvanadiumGnitrideGforGcomparableGhydrogenGevolutionGperformanceGtoG
platinumGinGalkalineGsolutionVGJournaljofjMaterialsjChemistryjATG2021TGeTGYebbeUYebc] 13 7

46 oiomassUderivedGultrathinGcarbonUshellGcoatedGironGnanoparticlesGasGhighUperformanceG
triUfunctionalGur–TGO––GandGsentonUlikeGcatalystsVGJournaljofjCleanerjProductionTG2020TGZcaTGYZ]Y]Y 10.3 35

45 sacileGsynthesisGofGnickelâ��copperGhollowGspheresGasGefficientGbifunctionalGelectrocatalystsGforG
overallGwaterGsplittingVGMaterialsjChemistryjFrontiersTG2020TG]TGeebUYXXa 7.8 7

44 —elfUsupportedGefficientGhydrogenGevolutionGcatalystsGwithGaGcoreUshellGstructureGdesignedGphaseG
separationVGNanoscaleTG2021TG 7.7 0

43 qeepGeutecticGsolventsGderivedGcarbonUbasedGefficientGelectrocatalystGforGboostingGuZGproductionG
coupledGwithGglucoseGoxidationVGChemicaljEngineeringjJournalTG2022TG][XTGY[Zcd[ 14.7 4

42 yowUdimensionalGnonUmetalGcatalystsfGprinciplesGforGregulatingGpUorbitalUdominatedGreactivityVGNpjj
ComputationaljMaterialsTG2021TGcTG 10.9 10

41 ponstructionGofGseUdopedGpo“GwithGhybridGnanostructuresGasGaGbifunctionalGcatalystGforGoverallG
waterGsplittingVGDaltonjTransactionsTG2021TG 4.3 2

40 zolybdenumUpobaltGoimetallicGnlloyGrncapsulatedGinGNitrogenUqopedGparbonGasGaGuighlyGrfficientG
rlectrocatalystGforGWaterG—plittingG–eactionVGSSRNjElectronicjJournalTG 1

39 —izeU−unableGNiâ��puGporeâ��—hellGNanoparticlesâ��—tructureTGpompositionTGandGpatalyticGnctivityGforG
theG–everseGWaterâ��tasG—hiftG–eactionVGAdvancedjEngineeringjMaterialsTGZYXY[Xd 3.5

38 patalystGovercoatingGengineeringGtowardsGhighUperformanceGelectrocatalysisVGChemicaljSocietyj
ReviewsTG2021TG 58.5 6

37 −ransitionGmetalGnanoparticlesGasGelectrocatalystsGforGO––TGOr–TGandGur–VG2022TG]eUd[

36 –ecentGadvancesGinGnanostructuredGnonoxideGmaterialsâ��ooridesTGboratesTGchalcogenidesTG
phosphidesTGphosphatesTGnitridesTGcarbidesTGalloysTGandGmetalUorganicGframeworksVG2022TG[ZeU[bd 1

35 rlectrocatalystGnanoarchitectonicsGwithGmolybdenumUcobaltGbimetallicGalloyGencapsulatedGinG
nitrogenUdopedGcarbonGforGwaterGsplittingGreactionVGJournaljofjAlloysjandjCompoundsTG2022TGeX]TGYb]Xd]5.7 2

34 —ingleGsourceGprecursorGrouteGforGtheGfirstGgrapheneGoxideU“d“GnanocompositefGapplicationGinG
electrochemicalGhydrogenGevolutionGreactionVVGDaltonjTransactionsTG2022TG 4.3 2

33
—urfaceGandGinterfaceGengineeringGofGzoNiGalloyGnanograinsGboundGtoGzoUdopedGNiOGnanosheetsG
onG[qGgrapheneGfoamGforGhighUefficiencyGwaterGsplittingGcatalysisVGChemicaljEngineeringjJournalTG
2022TG]]XTGY[ad]c

14.7 1

32 ponfinementGrffectsGinGvndividualGparbonGrncapsulatedGNonpreciousGzetalUoasedGrlectrocatalystsVG
AdvancedjFunctionaljMaterialsTGZYYXdaY 15.6 5

31 zanipulatingGtheGWaterGqissociationGrlectrocatalyticG—itesGofGoimetallicGNiUbasedGnlloyGforG
uighlyUrfficientGnlkalineGuydrogenGrvolutionVGAngewandtejChemieTG 3.6 0

30 zanipulatingGtheGWaterGqissociationGrlectrocatalyticG—itesGofGoimetallicGNiUbasedGnlloyGforG
uighlyUrfficientGnlkalineGuydrogenGrvolutionVVGAngewandtejChemiejyjInternationaljEditionTG2022TG 16.4 9
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29 −uningGmetalUsupportGinteractionGofGNipuWgrapheneGcocatalystsGforGenhancedGdyeUsensitizedG
photocatalyticGuZGevolutionVGAppliedjSurfacejScienceTG2022TGae[TGYa[]ae 6.7 2

28
pontrollingGtheGqUbandGforGimprovedGoxygenGevolutionGperformanceGinGNiGmodulatedGultrafineGpoG
nanoparticlesGembeddedGinGNitrogenUdopedGcarbonGmicrospheresVVGJournaljofjColloidjandjInterfacej
ScienceTG2022TGbZ[TG]]Ua[

9.3 0

27 “reparationGofGvronUpopperGOxalatesGandGOxidesGforGtheGOxygenGrvolutionG–eactionVGJournaljofjthej
ElectrochemicaljSocietyTG 3.9 0

26 rlectrodepositionGsynthesisGofGfreeUstandingGmetalWcarbonGfeltsGelectrodesGforGelectrocatalyticG
hydrogenationGofGlevulinicGacidVGInternationaljJournaljofjHydrogenjEnergyTG2022TG 6.7 0

25 nchievingGrfficientGnlkalineGuydrogenGrvolutionG–eactionGonGyongU–angeGNiG—itesGinG–uG
plustersUvmmobilizedGNi[nGnrrayGpatalystVGSSRNjElectronicjJournalTG 1

24 rxploringGtheGsynergisticGeffectGofGalloyingGtowardGhydrogenGevolutionGreactionfGaGcaseGstudyGofG
Ni[zGOzGiG−iTGteGandG—nPGseriesVGDaltonjTransactionsTG 4.3

23 ntomicG—caleG—ynergisticGvnteractionsGyeadGtoGoreakthroughGpatalystsGforGrlectrocatalyticGWaterG
—plittingVGSSRNjElectronicjJournalTG 1

22 oimetallicGpobaltâ��NickelGrlectrodeGzadeGbyGaG—putteringG−echniqueGforGrlectrocatalyticGuydrogenG
rvolutionG–eactionfGrffectGofGNickelG–atiosVGACSjAppliedjEnergyjMaterialsTG 6.1 0

21 “hosphorusUinducedGelectronicGstructureGreformationGofGhollowGNipoZ—e]GnanoneedleGarraysG
enablingGhighlyGefficientGandGdurableGhydrogenGevolutionGinGallUpuGmediaVGNanojResearchTG 10 2

20 Nickelâ��popperGnlloyGNanoparticlesGrmbeddedGinGNUqopedG“orousGparbonGNanosheetsGforG
—upercapacitorsGandGuydrogenGrvolutionG–eactionVGACSjAppliedjNanojMaterialsTG 5.6 1

19 nlloyGrlectrocatalystsVGEnergyChemTG2022TGYXXXd[ 36.9 0

18 —ynthesisGofGparbonUoasedGNanomaterialsVG2022TGYaUaY

17 –ecentGprogressGonGtheGlongUtermGstabilityGofGhydrogenGevolutionGreactionGelectrocatalystsVG 6

16 nchievingGefficientGalkalineGhydrogenGevolutionGreactionGonGlongUrangeGNiGsitesGinG–uG
clustersUimmobilizedGNi[NGarrayGcatalystVG2023TG]aYTGY[dbed 1

15 ntomicGscaleGsynergisticGinteractionsGleadGtoGbreakthroughGcatalystsGforGelectrocatalyticGwaterG
splittingVG2023TG[ZXTGYZZXYb 0

14 —interingGbehaviourGofGcarbonUsupportedG“tGnanoparticlesGandGtheGeffectGofGsurfaceGovercoatingVG
2022TGYXXZc[ 2

13 pompressiveGstrainGinducedGsuperiorGur–GperformanceGofGnickelGinGalkalineGsolutionVG 0

12 zodulationGtoGfavorableGsurfaceGadsorptionGenergyGforGoxygenGevolutionGreactionGintermediatesG
overGcarbonUtunableGalloysGtowardsGsustainableGhydrogenGproductionVG 0

(-2022)

11



11 uighUefficiencyGwaterGsplittingGcatalyzedGbyGNizoO]GnanorodGarraysGdecoratedGwithGvacancyG
defectUrichGNi−exGandGzoOyGlayersVG2023TG][eTGY]YcYZ 0

10 sacileGsynthesisGofGdefectUrichG–upuGnanoflowersGforGefficientGhydrogenGevolutionGreactionGinG
alkalineGmediaVG 0

9
—ynergisticGeffectGofG“tUNiGdualGsingleUatomsGandGalloyGnanoparticlesGasGaGhighUefficiencyG
electrocatalystGtoGminimizeG“tGutilizationGatGcathodeGinGpolymerGelectrolyteGmembraneGfuelGcellsVG
2023TGb[]TGe[XUe[e

0

8 puUoasedGzaterialsGasG“hotocatalystsGforG—olarGyightGnrtificialG“hotosynthesisfGnspectsGofG
rngineeringG“erformanceTG—tabilityTG—electivityVG2023TG[TGdcUYYZ 0

7 —ynthesisGofGmetalGphosphidesGencapsulatedGwithinGdefectGcarbonfGnGsulfurUtolerantGandG
acidUresistantGcatalystGforGselectiveGhydrogenationVG2023TG]b[TGY]ZaXa 0

6 pomprehensiveGoverviewGofGpolyoxometalatesGforGelectrocatalyticGhydrogenGevolutionGreactionVG
2023TG]dZTGZYaXad 0

5 sluorinatedGzXenesGaccelerateGtheGhydrogenGevolutionGactivityGofGinGsituGinducedGsnowflakeUlikeG
nanoU“tVG2023TGYYTGad[XUad]X 0

4 rlectrochemicalGzethodsGandGzaterialsGforG−ransitionGzetalUoasedGrlectrocatalystsGinGnlkalineGandG
ncidicGzediaVGZYeUZ]d 0

3 –evealingGtheGprystalG“haseUnctivityG–elationshipGonGNi–uGnlloyGNanoparticlesGrncapsulatedGinG
NUqopedGparbonGtowardsGrfficientGuydrogenGrvolutionG–eactionVG 0

2 phemicalG—trainGrngineeringGofGpopperGntomsGonGpontinuousG−hreeUqimensionalUNanopatternedG
NickelGNitrideGtoGnccelerateGnlkalineGuydrogenGrvolutionVG2023TGYYTGaZZeUaZ[c 0

1 nGdescriptorGofGvoGalloyGcatalystsGforGhydrogenGevolutionGreactionVG 0
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