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614 qoliΔGaΔiαGsβlγTassβmΓlyGsynthβsisGoγGultrathinGyTαopβαGΔarΓonGnanoshββtsGwithGsinπlβTatomGmβtalG
ΔatalystsUG2021SGZaSG[WdT[Xa 7

613 ”inπlβTatomGβlβΔtroΔatalystsGtβmplatβαGΓyGxzqGγorGαβtβrminationGoγGlβvoαopaUG2021SGYY]SGXYYW[Y 1
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525 –hβrmallyGstaΓlβGsinπlβGatomGΔatalystseGqromGΔonΔβptGtoGinGsituGstuαyUGYXZWWWb 1

524 xolβΔularGoβsiπnGoγGZoG‘orousGnarΓonGqramβworkGviaGznβT”tβpGzrπaniΔG”ynthβsisUG2021SGX[SGZcWaTZcWd

523 yTγunΔtionalizβαGhiβrarΔhiΔalGΔarΓonGΔompositβGαβrivβαGγromGötqTabGanαGΔarΓonGγoamGγorGβγγiΔiβntG
ovβrallGwatβrGsplittinπUG2021SGXW]SGYYYTYYY 1

522 qlβxiΓlβGΔarΓonGnanoγiΓβrGγilmGwithGαiatomiΔGqβTnoGsitβsGγorGβγγiΔiβntGoxyπβnGrβαuΔtionGanαG
βvolutionGrβaΔtionsGinGwβaraΓlβGzinΔTairGΓattβriβsUG2021SGcbSGXWaX[b 26

521 tαβntiγyGthβGlΔtivityGzriπinGoγG‘tG”inπlβTltomGnatalystGltomTΓyTltomGnountinπUG2021SGX[ZSGX]Y[ZTX]Y[d 3

520 —nravβlinπGthβGzriπinGoγG”ulγurTαopβαGqβTyTnG”inπlβGltomGnatalystGγorGpnhanΔβαGzxyπβnG“βαuΔtionG
lΔtivityeGpγγβΔtGoγGqβTspinG”tatβG–uninπUG 3

519 ”βlγTyanoΔavityTnonγinβαGsaloπβnGlnionsGmoostinπGthβGsiπhG”βlβΔtivityGoγGthβG–woTplβΔtronG
zxyπβnG“βαuΔtionG‘athwayGovβrGyiTmasβαGxzqsUG2021SGXYSGcbWaTcbXY 4

518 “ationalGαβsiπnGoγGqβTyTnGβlβΔtroΔatalystsGγorGoxyπβnGrβαuΔtionGrβaΔtioneGqromGnanopartiΔlβsGtoG
sinπlβGatomsUGX 5

517 xoltβnTsaltTassistβαGthβrmalGβmittinπGmβthoαGtoGtransγormGΓulkGqβYzZGintoGqβGsinπlβGatomG
ΔatalystsGγorGoxyπβnGrβαuΔtionGrβaΔtionGinGönTairGΓattβryUG2021SG[YWSGXYdbXZ 10

516 —ltraγinβGqβTmoαulatβαGyiGnanopartiΔlβsGβmΓβααβαGwithinGnitroπβnTαopβαGΔarΓonGγromG
örTxzqsTΔonγinβαGΔonvβrsionGγorGβγγiΔiβntGoxyπβnGβvolutionGrβaΔtionUGX

515 ltomiΔallyGprβΔisβGΔontrolGinGthβGαβsiπnGoγGlowTnuΔlβarityGsupportβαGmβtalGΔatalystsUG 17

514 lnGintβπratβαGΓioβlβΔtroΔhβmiΔalGsystβmGΔouplβαGnzYGβlβΔtrorβαuΔtionGαβviΔβGΓasβαGonGatomiΔallyG
αispβrsβαGironGβlβΔtroΔatalystsUG2021SGcbSGXWaXcb 7

513 ”inπlβTatomGβnπinββrinπGoγGmβtalTorπaniΔGγramβworksGtowarαGhβalthΔarβUG2021SG 8

512 pnhanΔβαGqβntonTlikβGαβπraαationGoγGsulγaαiazinβGΓyGsinπlβGatomGironGmatβrialsGγixβαGonG
nitroπβnTαopβαGporousGΔarΓonUG2021SG]dbSG]aTa] 19

511 pγγβΔtGoγG‘yrolysisGnonαitionsGonGthβG‘βrγormanΔβGoγGnoâ��oopβαGxzqâ��oβrivβαGnarΓonGnatalystsGγorG
zxyπβnG“βαuΔtionG“βaΔtionUG2021SGXXSGXXaZ 2
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510 lGsurγaΔβGrβπulationGstratβπyGtoGγaΓriΔatβGnuTyxGsitβsGoγGhiπhGhomoπβnβityGwithGΔountaΓlβGaΔtivityG
towarαsGoxyπβnGrβαuΔtionUG2021SG]aWSGX]WW][ 4

509 ltomiΔallyGαispβrsβαGnoGatomsGinGnitroπβnTαopβαGΔarΓonGaβroπβlGγorGβγγiΔiβntGanαGαuraΓlβGoxyπβnG
rβαuΔtionGrβaΔtionUG2021SG[aSGZacZaTZacZa 1

508 lnΔhorinπG”itβsGpnπinββrinπGinG”inπlβTltomGnatalystsGγorGsiπhlyGpγγiΔiβntGplβΔtroΔhβmiΔalGpnβrπyG
nonvβrsionG“βaΔtionsUG2021SGZZSGβYXWYcWX 15

507 xonoαispβrsβαGyiGaΔtivβGsitβsGanΔhorβαGonGyTαopβαGporousGΔarΓonGnanoshββtsGasGhiπhTβγγiΔiβnΔyG
βlβΔtroΔatalystGγorGhyαroπβnGpβroxiαβGsβnsinπUG2021SGXXbdSGZZccXY 1

506 siβrarΔhiΔalGyTαopβαGΔarΓonGsphβrβsGanΔhorβαGwithGΔoΓaltGnanoΔrystalsGanαGsinπlβGatomsGγorG
oxyπβnGrβαuΔtionGrβaΔtionUG2021SGcbSGXWaX]Z 19

505 noZz[kΔarΓonGwithGhiπhGnoYRVnoZRGratiosGαβrivβαGγromGötqTabGsupportβαGonGyTαopβαGΔarΓonG
nanosphβrβsGasGstaΓlβGΓiγunΔtionalGoxyπβnGΔatalystsUG2021SGYXSGXWWbZb 7

504 ”inπlβTltomGnatalystsTpnaΓlβαG“βαuΔtivβG—pπraαinπGoγGnzYUG2021SGXZSG[c]d 3

503 oβsiπnβαG”ynthβsisGanαGnatalytiΔGxβΔhanismsGoγGyonT‘rβΔiousGxβtalG”inπlβTltomGnatalystsGγorG
zxyπβnG“βαuΔtionG“βaΔtionUUG2021SG]SGβYXWWca] 5

502 pγγβΔtGoγGΔoorαinationGsurrounαinπsGoγGisolatβαGmβtalGsitβsGonGβlβΔtroΔatalytiΔGpβrγormanΔβsUG2021SG
]WaSGYZWX[Z 1

501 zriπinGoγGhβtβroTnuΔlβarGluTnoGαualGatomsGγorGβγγiΔiβntGaΔiαiΔGoxyπβnGrβαuΔtionUG2021SGZWXSGXYWbcY 11

500 plβΔtrostatiΔGspunGhiβrarΔhiΔallyGporousGΔarΓonGmatrixGwithGno”βYVnoGhβtβrostruΔturβGasG
ΓiγunΔtionalGβlβΔtroΔatalystsGγorGzinΔTairGΓattβriβsUG2021SGcb]SGXaWW]a 3

499 oβsiπninπGanαG—nαβrstanαinπGthβGzutstanαinπG–riTtoαiαβG“βαuΔtionGoγGyTnoorαinatβαGxaπnβtiΔG
xβtalGxoαiγiβαGoβγβΔtT“iΔhGnarΓonGooαβΔahβαronsGinG‘hotovoltaiΔsUG2021SGXbSGβYXWYZWW 7

498
—nravβlinπGthβGzriπinGoγG”ulγurToopβαGqβTyTnG”inπlβTltomGnatalystGγorGpnhanΔβαGzxyπβnG
“βαuΔtionGlΔtivityeGpγγβΔtGoγGtronG”pinT”tatβG–uninπUGAngewandte Chemie - International EditionSG
2021SGaWSGY][W[TY][XW

16.4 20

497 mallTxillinπGtnαuΔβαGoβΓonαinπGoγG”urγaΔβGltomsGγromGxβtalGmulkGγorGnonstruinπG
siπhT‘βrγormanΔβGoualT”itβG”inπlβTltomGnatalystsUG2021SGXZZSGYZZZc 0

496 qaΔilβGsynthβsisGoγGnzVyTαopβαGΔarΓonGnanotuΓβsGanαGthβGappliΔationGinGalkalinβGanαGnβutralG
mβtalTairGΓattβriβsUG2021SG[aSGZXY]ZTZXYaX 1

495
lGsolTπβlGprβtrβatmβntGΔomΓinβαGstratβπyGγorGΔonstruΔtinπGΔoΓaltTβmΓβααβαGanαGnitroπβnTαopβαG
ΔarΓonGmatrixGwithGhiπhTαβnsityGaΔtivβGsitβsGasGΓiγunΔtionalGoxyπβnGrβαuΔtionGanαGβvolutionG
βlβΔtroΔatalystsUG2021SGcb]SGXaWWZa

0

494 xzqV‘n‘TΓasβαGplβΔtroΔatalystsGγorGthβGzxyπβnG“βαuΔtionG“βaΔtionUGX 6

493 ötqTckötqTabToβrivβαGnoGpmΓβααβαGintoGyitroπβnToopβαGnarΓonGyanotuΓβGsollowG‘orousGnarΓonG
”upportβαG‘tGasGanGpγγiΔiβntGplβΔtroΔatalystGγorGxβthanolGzxiαationUG2021SGXXSG 1
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492 wasβrTtrraαiatβαGsolβyGrraphβnβT”upportβαG”inπlβTltomGnatalystGtowarαsGsyαroπβnGpvolutionGanαG
zxyπβnG“βαuΔtionUG2021SGXXSGYXWXaXd 14

491
mallTxillinπGtnαuΔβαGoβΓonαinπGoγG”urγaΔβGltomsGγromGxβtalGmulkGγorGnonstruinπG
siπhT‘βrγormanΔβGoualT”itβG”inπlβTltomGnatalystsUGAngewandte Chemie - International EditionSG2021
SGaWSGYZX][TYZX]c

16.4 6

490 xβΔhanistiΔGtnsiπhtGintoGthβG”ynβrπβtiΔGtntβraΔtionGoγGlmmoniaGmoranβGanαGWatβrGonG
ötqTabToβrivβαGnok‘orousGnarΓonGγorGnontrollβαGrβnβrationGoγGoihyαroπβnUG2021SGXZSG[b[a]T[b[bb 2

489 pγγβΔtGoγGoiγγβrβntGtronG”ourΔβsGonGrrowthGoγGöβolitiΔGtmiαazolatβGqramβworksTceGqorGpγγiΔiβntG
zxyπβnG“βαuΔtionGplβΔtroΔatalystsUG2021SGYXSG]ZXdT]ZYc 1

488 yiGsinπlβGatomsGanΔhorβαGonGnitroπβnTαopβαGπraphβnβGasGsYTpvolutionGΔoΔatalystGoγG
”r–izZOllPVnozxGγorGphotoΔatalytiΔGovβrallGwatβrGsplittinπUG2021SGXcZSGbaZTbbZ 6

487 noΓaltGsinπlβGatomGsitβGisolatβαG‘tGnanopartiΔlβsGγorGβγγiΔiβntGz““GanαGsp“GinGaΔiαGmβαiaUG2021SGccSGXWaYYX 41

486 pnπinββrinπGoylVqβTyTnGsinπlβTatomGnanozymβsGintβrγaΔβGγorGΔolorimβtriΔGΓiosβnsinπGoγGΔanΔβrG
ΔβllsUG2021SGXXcWSGZZcc]a 1

485 qβGatomGΔlustβrsGβmΓβααβαGyTαopβαGπraphβnβGαβΔoratβαGwithGultrathinGmβsoporousGΔarΓonG
nitriαβGnanoshββtsGγorGhiπhGβγγiΔiβntGphotoΔatalytiΔGpβrγormanΔβUG2021SGaYdSGXYbZaW 2

484 lGγrββstanαinπGΔathoαβGwithGΓimβtalliΔGxzqTΓasβαGΔompositβsGanΔhorβαGonGyTαopβαGporousG
ΔarΓonGnanoγiΓβrsGγorGlithiumToxyπβnGΓattβriβsUG2021SGZdbSGXZdY]X 0

483 tmprovβαGoxyπβnGaΔtivationGovβrGmβtalTorπaniΔTγramβworksGαβrivβαGanαGzinΔTmoαulatβαGnokynG
ΔatalystGγorGΓoostinπGinαoorGπasβousGγormalαβhyαβGoxiαationGatGroomGtβmpβraturβUG2021SGaWXSGcZZTc[Y 2

482 lGΔritiΔalGΔomparisonGoγGnaturalGβnzymβsGanαGnanozymβsGinGΓiosβnsinπGanαGΓioassaysUG2021SGXdYSGXXZ[d[ 13

481 ötqTαβrivβαGtwoTαimβnsionalGnoknarΓonGhyΓriαeG–owarαGhiπhlyGβγγiΔiβntGtriγunΔtionalG
βlβΔtroΔatalystsUG2021SG[YZSGXZWZXZ 4

480 sβtβroatomTαopβαGporousGΔarΓonGαβrivβαGγromGzβolitβGimiαazolβGγramβworkVpolymβrGΔorβTshβllG
γiΓβrsGasGanGβlβΔtroαβGmatβrialGγorGsupβrΔapaΔitorUG2021SGYY]SGXWdY]a 6

479 pγγβΔtsGoγGatomTtoTαβγβΔtGratioGonGthβGthβrmostaΓilityGoγGαispβrsβαGluGatomsGonGrβαuΔβαG–izYOXGWG
XPGsurγaΔβUG2021SG]a]SGX]W]Xd 1

478 oualGΔarΓonThostβαGnoTyZGβnaΓlinπGunusualGrβaΔtionGpathwayGγorGβγγiΔiβntGoxyπβnGrβαuΔtionG
rβaΔtionUG2021SGYdbSGXYWZdW 13

477
–hrββGαimβnsionGyiVnoTαβΔoratβαGyTαopβαGhiβrarΔhiΔallyGporousGΔarΓonGαβrivβαGγromG
mβtalTorπaniΔGγramβworksGasGtriγunΔtionalGΔatalystsGγorGönTairGΓattβryGanαGmiΔroΓialGγuβlGΔβllsUG2021SG
Zd]SGXZdWb[

1

476 “ationalGαβsiπnGoγGioniΔG TxzqGwithGΔonγinβαGxoGspβΔiβsGγorGhiπhlyGβγγiΔiβntGoxiαativβG
αβsulγurizationUG2021SGYdcSGXYW]d[ 8

475 ‘rβparationGoγGhiπhGpβrγormanΔβGnoZz[VllYzZGΔatalystsGΓyGαopinπGllGintoGötqTabeGpγγβΔtGoγGllG
sourΔβsGonGqisΔhβrT–ropsΔhGsynthβsisUG2021SG]bWSGX]XXYb 0
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474 moostinπGΔatalytiΔGaΔtivityGoγGnioΓiumVtantalumTnitroπβnGaΔtivβTsitβsGγorGtriioαiαβGrβαuΔtionGinG
photovoltaiΔsUG2021SGaWZSGa]XTaa] 6

473 tnΔrβasinπGβxposurβGoγGatomiΔallyGαispβrsβαGyiGsitβsGviaGΔonstruΔtinπGhiβrarΔhiΔallyGporousGsupportsG
γorGβnhanΔβαGβlβΔtroΔhβmiΔalGnzYGrβαuΔtionUG2021SG[YaSGXZX[X[ 0

472
tmplantβαGmβtalTnitroπβnGaΔtivβGsitβsGβnhanΔβGthβGβlβΔtroΔatalytiΔGaΔtivityGoγGzβolitiΔGimiαazolatβG
zinΔGγramβworkTαβrivβαGporousGΔarΓonGγorGthβGhyαroπβnGβvolutionGrβaΔtionGinGaΔiαiΔGanαGalkalinβG
mβαiaUG2021SGaW[SG[[XT[]b

8

471 noppβrGsinπlβTatomGΔatalystsGwithGphotothβrmalGpβrγormanΔβGanαGβnhanΔβαGnanozymβGaΔtivityGγorG
ΓaΔtβriaTinγβΔtβαGwounαGthβrapyUG2021SGaSG[ZcdT[[WX 45

470 ”inπlβTatomGnoTyTnGΔatalystGγorGβγγiΔiβntGsπWGoxiαationGatGlowGtβmpβraturβUG2022SG[YcSGXZYaaW 4

469 ”inπlβGnoGatomsGanΔhorβαGonGnitroπβnTαopβαGhiβrarΔhiΔallyGorαβrβαGporousGΔarΓonGγorGsβlβΔtivβG
hyαroπβnationGoγGquinolinβsGanαGβγγiΔiβntGoxyπβnGrβαuΔtionUG2022SG[YdSGXZYX]W 8

468 ”inπlβTatomGΔatalystsGγorGnzGoxiαationSGnzYGrβαuΔtionSGanαGzYGβlβΔtroΔhβmistryUG2022SGa]SGY][TYbd 11

467 natalytiΔGstaΓilityGβnhanΔβmβntGγorGpollutantGrβmovalGviaGΓalanΔinπGlattiΔβGoxyπβnGmoΓilityGanαG
 znsGaαsorptionUG2022SG[Y[SGXYbZZb 8

466 “βΔβntGaαvanΔβsGinGnonTprβΔiousGmβtalGβlβΔtroΔatalystsGγorGoxyπβnGrβαuΔtionGinGaΔiαiΔGmβαiaGanαG
‘pxqnseGanGaΔtivitySGstaΓilityGanαGmβΔhanismGstuαyUG2021SGYZSGacdcTadY] 2

465 syαroπβnationGoγG[TnitroΔhloroΓβnzβnβGΔatalysβαGΓyGΔoΓaltGnanopartiΔlβsGsupportβαGonG
nitroπβnTαopβαGaΔtivatβαGΔarΓonUG2021SGXXSGZc[]TZc][ 1

464 ”inπlβTatomGqβTyGsitβGγorGthβGhyαroπβnationGoγGnitroΓβnzβnβeGthβorβtiΔalGanαGβxpβrimβntalGstuαiβsUG
2021SG]WSGbdd]TcWWX 1

463 –uninπGanαGunαβrstanαinπGthβGβlβΔtroniΔGβγγβΔtGoγGnoâ��xoâ��zGsitβsGinGΓiγunΔtionalGβlβΔtroΔatalystsG
γorGultralonπTlastinπGrβΔharπβaΓlβGzinΔâ��airGΓattβriβsUG 1

462 –uninπGmβtalGsinπlβGatomsGβmΓβααβαGinGyxnyGmoiβtiβsGtowarαGhiπhTpβrγormanΔβGβlβΔtroΔatalysisUG
2021SGX[SGZ[]]TZ[ac 47

461 lGπβlTlimitinπGstratβπyGγorGlarπβTsΔalβGγaΓriΔationGoγGqβâ��yâ��nGsinπlβTatomGz““GΔatalystsUG2021SGdSGbXZbTbX[Y 16

460 ltomiΔGrβπulationGoγGmβtalâ��orπaniΔGγramβworkGαβrivβαGΔarΓonTΓasβαGsinπlβTatomGΔatalystsGγorGthβG
βlβΔtroΔhβmiΔalGnzYGrβαuΔtionGrβaΔtionUG 9

459 narΓonT”upportβαG”inπlβTltomGnatalystsGγorGqormiΔGlΔiαGzxiαationGanαGzxyπβnG“βαuΔtionG
“βaΔtionsUG2021SGXbSGβYWW[]WW 19

458 sollowGmβsoporousGΔarΓonGnanoΔaπβsGwithGqβGisolatβαGsinπlβGatomiΔGsitβGαβrivβαGγromGaG
xzqVpolymβrGγorGhiπhlyGβγγiΔiβntGβlβΔtroΔatalytiΔGoxyπβnGrβαuΔtionUG 6

457 ‘orphyrinGanαGsinπlβGatomGγβaturβαGrβtiΔularGmatβrialseGrβΔβntGaαvanΔβsGanαGγuturβGpβrspβΔtivβGoγG
solarTαrivβnGnzYGrβαuΔtionUG 8
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456 xzqsToβrivβαGnarΓonTmasβαGxβtalGnatalystsGγorGpnβrπyT“βlatβαGplβΔtroΔatalysisUG2021SGXbSGβYWW[Zdc 29

455 ”inπlβTltomG‘hotoΔatalystsGγorGpmβrπinπG“βaΔtionsUG2021SGbSGZdT][ 34

454 YoGΔoorαinationGpolymβrTαβrivβαGno”βTyi”βVnyGnanoshββtseGthβGαualTphasβGsynβrπistiΔGβγγβΔtGanαG
ultrathinGstruΔturβGtoGβnhanΔβGthβGhyαroπβnGβvolutionGrβaΔtionUG2021SG]WSGddZ[Tdd[X 0

453 lmorphousGqβGnanoΔlustβrsGβmΓβααβαGinsiαβGΓalloonTlikβGyTαopβαGhollowGΔarΓonGγorGβγγiΔiβntG
βlβΔtroΔatalytiΔGoxyπβnGrβαuΔtionUG

452 “βΔβntG“βsβarΔhG‘roπrβssβsGonG”inπlβGltomGnatalystUG2021SGXXSG[cT][ 1

451 rrββnGanαGsβlβΔtivβGhyαroπβnationGoγGaromatiΔGαiaminβsGovβrGthβGnanoshββtG“uVπâ��nZy[â��sYG
ΔatalystGprβparβαGΓyGultrasoniΔGassistβαGimprβπnationTαβpositionGmβthoαUG2021SG 3

450 qoliΔGlΔiαGnoorαinatβαGnuTnoG”itβGyToopβαGnarΓonGyanoshββtsGγorGzxyπβnG“βαuΔtionG“βaΔtionUG
2021SGXZSGZd[dTZd]c 8

449 WβllTαβγinβαGqβâ��nuGαiatomiΔGsitβsGγorGβγγiΔiβntGΔatalysisGoγGnzYGβlβΔtrorβαuΔtionUG 16

448 ”inπlβGsitβGqβGonGthβGOXXWPGsurγaΔβGoγG˛‡TllzeGinsiπhtsGγromGaGoq–GstuαyGinΔluαinπGthβGpβrioαiΔG
ΓounαaryGapproaΔhUG2021SGYZSGbXa[TbXbb 4

447 ltomiΔTlβvβlGβnπinββrinπGoγGtwoTαimβnsionalGβlβΔtroΔatalystsGγorGnzGrβαuΔtionUG2021SGXZSGbWcXTbWd] 7

446 nontrollinπGthβGnoâ��”GΔoorαinationGβnvironmβntGinGnoTαopβαGW”YGnanoshββtsGγorGβlβΔtroΔhβmiΔalG
oxyπβnGrβαuΔtionUG2021SGdSGXdca]TXdcbZ 0

445 ‘yrolyzβαGxâ��yxGΔatalystsGγorGoxyπβnGrβαuΔtionGrβaΔtioneGproπrβssGanαGprospβΔtsUG2021SGX[SGYX]cTYXc] 44

444 znβTstβpGanαGΔontrollaΓlβGsynthβsisGoγGaΔtivβGyTriΔhGπraphβnβGnanoΔlustβrsTny–GΔompositβGviaGanG
ultraγastGαβγlaπrationGrβaΔtionGγorGoxyπβnGrβαuΔtionGβlβΔtroΔatalysisUG2021SG]aSGaZ[dTaZaW 5

443 –hrββToimβnsionalGsiβrarΔhiΔalGlrΔhitβΔturβsGoβrivβαGγromG”urγaΔβTxountβαGxβtalâ��zrπaniΔG
qramβworkGxβmΓranβsGγorGpnhanΔβαGplβΔtroΔatalysisUG2017SGXYdSGXZdadTXZdbZ 31

442 ZoGnoTyTαopβαGhollowGΔarΓonGsphβrβsGasGβxΔβllβntGΓiγunΔtionalGβlβΔtroΔatalystsGγorGoxyπβnG
rβαuΔtionGrβaΔtionGanαGoxyπβnGβvolutionGrβaΔtionUG2017SGYXbSG[bbT[c[ 177

441 ‘rβTlβaΔhinπGstratβπyGγorGtuninπGporosityGanαGΔompositionGtoGπβnβratβGnoY‘Vnok‘VyTαopβαG
ΔarΓonGtowarαsGhiπhlyGβγγiΔiβntGΓiγunΔtionalGoxyπβnGβlβΔtroΔatalysisUG2020SGZZbSGXZ]cWb 8

440 ‘orousGΔarΓonGsupportβαG‘αGasGΔatalystsGγorGΓoostinπGγormiΔGaΔiαGαβhyαroπβnationUG2020SG[]SGXbZdcTXb[Wd 10

439 xβΔhanismGoγGxβthanolGoβΔompositionGovβrG”inπlβT”itβG‘tVnβzGnatalysteGlGo“tq–”G”tuαyUG2021SG
X[ZSGaWTa[ 14
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438 ”urγaΔβVintβrγaΔβGnanoβnπinββrinπGγorGrβΔharπβaΓlβGönâ��airGΓattβriβsUG2020SGXZSGXXZYTXX]Z 148

437
mamΓooTlikβGnitroπβnTαopβαGporousGΔarΓonGnanoγiΓβrsGβnΔapsulatβαGniΔkβlTΔoΓaltGalloyG
nanopartiΔlβsGΔompositβGmatβrialGαβrivβαGγromGthβGβlβΔtrospunGγiΓβrGoγGaGΓimβtalTorπaniΔG
γramβworkGasGβγγiΔiβntGΓiγunΔtionalGoxyπβnGβlβΔtroΔatalystsUG2020SGXYSG]d[YT]d]Y

35

436 rraphβnβTsupportβαGsinπlβTatomGΔatalystsGanαGappliΔationsGinGβlβΔtroΔatalysisUG2021SGZYSGWZYWWX 15

435 öβolitiΔTimiαazolatβGqramβworkGOötqPkönnoTötqGnorβTshβllG–βmplatβGoβrivβαGnoSGyTαopβαGnarΓonG
natalystsGγorGzxyπβnG“βαuΔtionG“βaΔtionUG2018SG 14

434 zxyπβnT“βΔonstitutβαGlΔtivβG”pβΔiβsGoγG”inπlβTltomGnuGnatalystsGγorGzxyπβnG“βαuΔtionG“βaΔtionUG
2020SGYWYWSGb]dZWYZ 8

433 znβT”tβpGsiπhT–βmpβraturβT”ynthβsizβαG”inπlβTltomG‘latinumGnatalystGγorGpγγiΔiβntG”βlβΔtivβG
syαroπβnationUG2020SGYWYWSGdX[Wc[X 13

432 “βΔβntGlαvanΔβsGinG”inπlβTltomGplβΔtroΔatalystsGγorGzxyπβnG“βαuΔtionG“βaΔtionUG2020SGYWYWSGd]XYbaZ 20

431 narΓonTΓasβαGsinπlβGatomGΔatalystsGγorGtailorinπGthβGz““GpathwayeGaGΔonΔisβGrβviβwUG 11

430 xolβΔularGαβsiπnGoγGhβtβroπβnβousGβlβΔtroΔatalystsGusinπGtanniΔGaΔiαTαβrivβαGmβtalTphβnoliΔG
nβtworksUG2021SG 1

429 pxpβrimβntalGanαGoγtG”tuαiβsGoγGzxyπβnG“βαuΔtionG“βaΔtionG‘romotβαGΓyGminaryG”itβGqβVnoTyTnG
natalystGinGlΔiαUG

428 “βΔβntGaαvanΔβsGinGthβGαβsiπnGoγGaGhiπhGpβrγormanΔβGmβtalâ��nitroπβnâ��ΔarΓonGΔatalystGγorGthβG
oxyπβnGrβαuΔtionGrβaΔtionUG2021SGdSGYYYXcTYYY[b 6

427 ’uasiTΔontinuousGsynthβsisGoγGΔoΓaltGsinπlβGatomGΔatalystsGγorGtransγβrGhyαroπβnationGoγGquinolinβUG
2021SG 1

426 natalytiΔGzxiαationGoγGv”GviaGltomiΔGnoGanαG‘yriαiniΔGyG”ynβrπyGinG‘otassiumT”ulγurGmattβriβsUG2021SG
X[ZSGXadWYTXadWb 11

425 pγγβΔtGoγGnoorαinationGpnvironmβntG”urrounαinπGaG”inπlβG‘tG”itβGonGthβGwiquiαT‘hasβGlβroΓiΔG
zxiαationGoγG]TsyαroxymβthylγurγuralUG2021SGXZSG[c]cYT[c]d[ 4

424 –βmpβraturβToβpβnαβntGnzYGplβΔtrorβαuΔtionGovβrGqβTyTnGanαGyiTyTnG”inπlβTltomGnatalystsUG 0

423 ”inπlβTltomGOtronTmasβαPGnatalystseG”ynthβsisGanαGlppliΔationsUG2021SGXYXSGXZaYWTXZadb 23

422 lΔtivatinπGtnβrtG”urγaΔβG‘tG”inπlβGltomsGviaG”uΓsurγaΔβGoopinπGγorGzxyπβnG“βαuΔtionG“βaΔtionUG
2021SGYXSGbdbWTbdbc 4

421 lmpliγiβαG‘βroxiαasβTlikβGlΔtivityGoγGnoG—sinπGcTsyαroxyquinolinβGanαGttsGlppliΔationGγorG
—ltrasβnsitivβGnolorimβtriΔGoβtβΔtionGoγGnlioquinolUG2021SGXaSGZd]bTZdaY 1

(2021-2020)

69



420 –βmpβraturβToβpβnαβntGnzGplβΔtrorβαuΔtionGovβrGqβTyTnGanαGyiTyTnG”inπlβTltomGnatalystsUG
Angewandte Chemie - International EditionSG2021SGaWSGYa]cYTYa]ca 16.4 9

419 “βΔβntG‘roπrβssGoγGxβtalGzrπaniΔGqramβworksTmasβαGplβΔtroΔatalystsGγorGsyαroπβnGpvolutionSG
zxyπβnGpvolutionSGanαGzxyπβnG“βαuΔtionG“βaΔtionUG 1

418 ”inπlβTltomGnatalystseGlαvanΔβsGanαGnhallβnπβsGinGxβtalT”upportGtntβraΔtionsGγorGpnhanΔβαG
plβΔtroΔatalysisUGX 15

417 “ationalGΔonγinβmβntGβnπinββrinπGoγGxzqTαβrivβαGΔarΓonTΓasβαGβlβΔtroΔatalystsGtowarαGnzYG
rβαuΔtionGanαGzYGrβαuΔtionGrβaΔtionsUG 7

416 ”urγaΔβTnoorαinatβαGxβtalTzrπaniΔGqramβworkG–hinGqilmsGO”—“xzqsPeGqromGqaΓriΔationGtoGpnβrπyG
lppliΔationsUG2021SGZSGXWWWa] 2

415 XoVZoGsβtβroπβnβousGlssβmΓlinπGmoαyGasG–riγunΔtionalGplβΔtroΔatalystsGpnaΓlinπGöinΔâ��lirGmattβryG
anαG”βlγT‘owβrβαGzvβrallGWatβrG”plittinπUGYXWbaWc 12

414 noΓaltTmasβαGplβΔtroΔatalystsGasGlirGnathoαβsGinG“βΔharπβaΓlβGönâ��lirGmattβriβseGlαvanΔβsGanαG
nhallβnπβsUGYXWWX[[ 12

413 ‘airβαT‘αOttPGΔβntβrsGβmΓβααβαGinGsv—”–TXGγramβworkeG–uninπGthβGsβlβΔtivityGγromGαimβthylG
ΔarΓonatβGtoGαimβthylGoxalatβUG2021SG 0

412 xzqsGγβrtilizβαGtransitionTmβtalliΔGsinπlβTatomGβlβΔtroΔatalystsGγorGhiπhlyTβγγiΔiβntGoxyπβnG
rβαuΔtioneG”prβaαinπGthβGsynthβsisGstratβπiβsGanαGaαvanΔβαGiαβntiγiΔationUG2021SGabSGZdXTZdX 5

411 nhaptβrGXexzqTαβrivβαGxatβrialsGγorGpxtrβmβlyGpγγiΔiβntGplβΔtroΔatalysisUG2019SGXTZc 0

410 “olβsGoγGnoorαinationGrβomβtryGinG”inπlβTltomGnatalystsUG2020SGZbTba 2

409 ”ynβrπistiΔGnatalysisGoγGthβG”ynthβsisGoγGlmmoniaGwithGnoTmasβαGnatalystsGanαG‘lasmaeGqromG
yanopartiΔlβsGtoGaG”inπlβGltomUG2021SG 1

408 ”ynthβsisGoγGltomiΔallyG–hinGπTnyGyanoshββtsGviaG”upβrΔritiΔalGnzGoopinπGwithG”inπlβTltomGnoΓaltG
γorG‘hotoΔatalytiΔGsyαroπβnGpvolutionUG2021SG 2

407 ”itβTαβnsityGβnπinββrinπGoγGsinπlβTatomiΔGironGΔatalystsGγorGhiπhTpβrγormanΔβGprotonGβxΔhanπβG
mβmΓranβGγuβlGΔβllsUG2021SGZWYSGXYWcaW 9

406 pnπinββrinπGthβGplβΔtroΔhβmiΔalGtntβrγaΔβGoγGzxyπβnG“βαuΔtionGplβΔtroΔatalystsGwithGtoniΔGwiquiαseG
lG“βviβwUG2021SGYSGYWWWWaY 1

405 ”upportsGpromotβGsinπlβTatomGΔatalystsGtowarαGaαvanΔβαGβlβΔtroΔatalysisUG2022SG[]XSGYX[YaX 38

404 ‘orousSGthiΔkGnitroπβnTαopβαGΔarΓonGβnΔapsulatβαGlarπβG‘tyiGΔorβTshβllGnanopartiΔlβsGγorGoxyπβnG
rβαuΔtionGrβaΔtionGwithGβxtrβmβGstaΓilityGanαGaΔtivityUG2022SGXcaSGZaT[] 2

403 siπhlyGaΔtivβGatomiΔallyGαispβrsβαGplatinumTΓasβαGβlβΔtroΔatalystGγorGhyαroπβnGβvolutionGrβaΔtionG
aΔhiβvβαGΓyGαβγβΔtGanΔhorinπGstratβπyUG2022SGZWXSGXYWcZW 18
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402 yovβlGhiπhGαispβrsionGanαGhiπhGstaΓilityGΔoΓaltTinlaiαGΔarΓonGsphβrβGΔatalystGγorGhyαroπβnG
πβnβrationGγromGthβGhyαrolysisGoγGsoαiumGΓorohyαriαβUG2022SGZXWSGXYYYba 3

401 natalystsGviaGltomiΔGwayβrGoβpositionUG2020SGadTXW] 1

400 xβtalTzrπaniΔGqramβworkToβrivβαGnatalystsGγorGönTlirGmattβriβsUG2020SGXTX] 2

399 plβΔtrorβαuΔtionGoγGnzYGΓyGyiGsitβsGonGnitroπβnTαopβαGΔarΓonGaβroπβlsGγromGπluΔosβUG2020SGX]SGZddT[WY 0

398 xzqG”truΔturβGpnπinββrinπGtoG”ynthβsizβGnojyjnGnatalystGwithG“iΔhβrGlΔΔβssiΓlβGlΔtivβG”itβsGγorG
pnhanΔβαGzxyπβnG“βαuΔtionUG2021SGXbSGβYXW[ac[ 17

397 moronGnoorαinationGpγγβΔtGinGyiTyGoopβαGrraphβnβGnatalystsGonGthβGz““G‘βrγormanΔβGmasβαGonG
oq–GnalΔulationsUG2021SG 1

396 ”ynthβsisGoγGlntiTpoisoninπG”pinβlGxnTnoTnGasGnathoαβGnatalystsGγorGwowT–βmpβraturβGlnionG
pxΔhanπβGxβmΓranβGoirβΔtGlmmoniaGquβlGnβllsUG2021SGXZSG]Zd[]T]Zd][ 2

395 xzqTαβrivβαGmultiTmβtalGβmΓβααβαGyTαopβαGΔarΓonGshββtsGriΔhGinGny–sGasGβγγiΔiβntGΓiγunΔtionalG
oxyπβnGβlβΔtroΔatalystsGγorGrβΔharπβaΓlβGölmsUG2021SG 0

394 “ationalGαβsiπnGoγGaGqβV”VyVnGΔatalystGγromGötqTcGγorGβγγiΔiβntGoxyπβnGrβαuΔtionGrβaΔtionUG2020SGZXSG[b][W[ 1

393 lΔtivβGsitβGβnπinββrinπGoγGsinπlβTatomGΔarΓonaΔβousGβlβΔtroΔatalystsGγorGthβGoxyπβnGrβαuΔtionG
rβaΔtionUUG2021SGXYSGX]cWYTX]cYW 4

392 “ationalGΔonstruΔtionGoγGthβrmallyGstaΓlβGsinπlβGatomGΔatalystseGqromGatomiΔGstruΔturβGtoGpraΔtiΔalG
appliΔationsUG2022SG[ZSGbXTdX 3

391 lαvanΔβαGmoαiγiΔationsGinGnonnoΓlβGmatβrialsGγorGprotonGβxΔhanπβGmβmΓranβUG2022SGY[ZTYbb

390 siπhlyGoispβrsivβGnokyTnGnatalystGasGqrββstanαinπGmiγunΔtionalGnathoαβGγorGqlβxiΓlβGanαG
“βΔharπβaΓlβGöinΔTairGmattβriβsUG 1

389 lnGpxγoliationâ��pvaporationG”tratβπyG–oG“βπulatβGyGnoorαinationGyumΓβrGoγGnoG”inπlβTltomG
natalystsGγorGsiπhT‘βrγormanΔβGwithiumâ��”ulγurGmattβriβsUGXTXW 3

388 “βΔβntG‘roπrβssGonG–ransitionGxβtalGmasβαGwayβrβαGoouΓlβGsyαroxiαβsG–ailorβαGγorGzxyπβnG
plβΔtroαβG“βaΔtionsUG2021SGXXSGXZd[ 2

387 ”patiallyGαispβrsβαGonβTαimβnsionalGΔarΓonGarΔhitβΔturβGonGoxiαβGγramβworkGγorGoxyπβnG
βlβΔtroΔhβmistryUG2021SGXZZa[d 2

386 tnsiπhtsGintoGyTnoorαinatβαGmimβtalliΔG”itβG”ynβrπyGαurinπGyzG”βlβΔtivβGnatalytiΔG“βαuΔtionGΓyGnzUG
2021SGXZSG]bXcYT]bXdY 3

385 lΔΔβlβratinπGthβGpβroxiαasβTlikβGaΔtivityGoγGnoGΓyGquinalαiΔGaΔiαeGxβΔhanismGanαGitsGanalytiΔalG
appliΔationsUG2021SGYZdSGXYZWcW 0
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384 ön”GanΔhorβαGonGporousGySG”TΔoαopβαGΔarΓonGasGsupβriorGoxyπβnGrβαuΔtionGrβaΔtionG
βlβΔtroΔatalystsGγorGllTairGΓattβriβsUG2021SGaWdSGcacTcac 2

383 ”inπlβTltomGpnπinββrinπGtoGtπnitβGYoG–ransitionGxβtalGoiΔhalΔoπβniαβGmasβαGnatalysiseG
qunαamβntalsSG‘roπrβssSGanαGmβyonαUG2021SG 20

382 X–T‘hasβGmolyΓαβnumGsulγiαβVΔoΓaltGoxiαβGnanopillarsGhyΓriαGnanostruΔturβGΔouplβαGwithG
nitroπβnTαopβαGΔarΓonGthinTγilmGasGhiπhGβγγiΔiβnΔyGβlβΔtroΔatalystGγorGoxyπβnGβvolutionUG2021SGaWcSGZW[WTZW[W 0

381 –hβGrβπulationGoγGΔoorαinationGstruΔturβGΓβtwββnGΔoΓaltGanαGnitroπβnGonGπraphβnβGγorGβγγiΔiβntG
ΓiγunΔtionalGβlβΔtroΔatalysisGinGönTairGΓattβriβsUG2021SGacSGYXZTYXZ 2

380 pγγβΔtGoγGsynthβsisGmβthoαGonGthβGoxyπβnGrβαuΔtionGpβrγormanΔβGoγGnoâ��yâ��nGΔatalystUG2021SG[bSGZbaYTZbaY 0

379 –uninπGoxyπβnTΔontaininπGπroupsGoγGpyrβnβGγorGhiπhGhyαroπβnGpβroxiαβGproαuΔtionGsβlβΔtivityUG
2021SGZW[SGXYWdWc 6

378 —nvβilinπGthβGrolβGoγGΔoΓaltGspβΔiβsGinGthβGnoVyTnGΔatalystsTinαuΔβαGpβroxymonosulγatβGaΔtivationG
proΔβssUG2021SG[YaSGXYbbc[ 2

377 –hβGz““GβlβΔtronGtransγβrGkinβtiΔsGΔontrolGviaGnoTyxGanαGπraphitiΔGyGsitβsGinGΔoΓaltGsinπlβGatomG
ΔatalystsGinGalkalinβGanαGaΔiαiΔGmβαiaUG2021SG 7

376 ltomiΔallyGoispβrsβαSGwowTnoorαinatβGnoTyG”itβsGonGnarΓonGyanotuΓβsGasGtnβxpβnsivβGanαG
pγγiΔiβntGplβΔtroΔatalystsGγorGsyαroπβnGpvolutionUG2021SGβYXW]ZZ] 5

375 “βΔβntGproπrβssGinGΔarΓonTΓasβαGmatβrialsGΓoostinπGβlβΔtroΔhβmiΔalGwatβrGsplittinπUG2021SG 1

374 xβtalTzrπaniΔTqramβworkTmasβαG”inπlβTltomiΔGnatalystsGγorGpnβrπyGnonvβrsionGanαG”toraπβeG
‘rinΔiplβsSGlαvanΔβsSGanαG–hβorβtiΔalG—nαβrstanαinπsUGYXWWYcX 2

373 ”inπlβTatomGΔatalysisGγorGöinΔTairVzYGmattβriβsSGWatβrGplβΔtrolyzβrsGanαGquβlGnβllsGappliΔationsUG
2021SG 11

372 “βΔβntGlαvanΔβsGinGxβtalTrasGmattβriβsGwithGnarΓonTmasβαGyonprβΔiousGxβtalGnatalystsUG2021SGβYXWZb[b 1

371 ”inπlβTatomGnatalystsGγorGyβxtTπβnβrationG“βΔharπβaΓlβGmattβriβsGanαGquβlGnβllsUG2021SG[]SGZWXTZWX 11

370 qlamβTlssistβαG”ynthβsisGoγGzTnoorαinatβαG”inπlβTltomGnatalystsGγorGpγγiΔiβntGplβΔtroΔatalytiΔG
zxyπβnG“βαuΔtionGanαGsyαroπβnGpvolutionG“βaΔtionUUG2022SGaSGβYXWXZY[ 4

369 xβsoporousGnarΓonG‘romotinπGthβGpγγiΔiβnΔyGanαG”taΓilityGoγG”inπlβGltomiΔGplβΔtroΔatalystsGγorG
zxyπβnG“βαuΔtionG“βaΔtionUG

368 qβnoyiGnanoalloysGβmΓβααβαGinGhiβrarΔhiΔalGyTriΔhGΔarΓonGmatrixGwithGβnhanΔβαGoxyπβnG
βlβΔtroΔatalysisGγorGrβΔharπβaΓlβGönTairGΓattβriβsUG2021SGdSGYbbWXTYbbWc 3

367 qaΔilβGsynthβsisGoγGhβxaπonalG˛–TnoOzsPGnanoshββtsGanαGthβirGsupβriorGaΔtivityGinGthβGsβlβΔtivβG
rβαuΔtionGoγGnitroGΔompounαsUG2021SG 0
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366 rraαiβntGnoVönGΓimβtalliΔGΔoorαinatβαGpolymβrTαβrivβαGhiβrarΔhiΔallyGporousGΔarΓonGγorGΓoostβαG
oxyπβnGβlβΔtroΔatalystsGoγGrβΔharπβaΓlβGönTairGΓattβriβsUG2022SGY[SGXWWdZ] 0

365 moostinπGthβGz““GpβrγormanΔβGoγGqβTyVnGΔatalystGviaGinΔrβasinπGthβGαβnsityGanαGmoαiγyinπGthβG
βlβΔtroniΔGstruΔturβGoγGqβTy°GaΔtivβGsitβsUG2022SG[WZSGXZdaW[ 1

364 lG‘oαTlikβGnorβT”hβllGnatalystGwithGsiπhG“βαuΔtionG‘βrγormanΔβG—nαβrGxilαGnonαitionsUGβYWYXWWdda 0

363 noSyTΔoTαopβαGπraphβnβGshββtGasGaGsulγurGhostGγorGhiπhTpβrγormanΔβGlithiumTsulγurGΓattβriβsUUG2022
SGXYSGXZb]TXZcZ 0

362 ‘yrolysisTγrββGsynthβsisGoγGsinπlβTatomGΔoΓaltGΔatalystsGγorGβγγiΔiβntGoxyπβnGrβαuΔtionUG 4

361 siπhlyGβγγiΔiβntGΔonstruΔtionGoγGhollowGnoâ��yxGnanoΔuΓβGΔaπβGαispβrsionGimplantβαGwithGporousG
ΔarΓonizβαGnanoγiΓβrsGγorGwiâ��zYGΓattβriβsUG2022SGXWSGb[WTb]X 2

360 “βvβalinπGthβGkβyGrolβGoγGΓonαinπGstatβsGinGsurγaΔβGΔhβmisorptionUG2022SGY[dSGXXbZ[] 0

359 ”urγaΔtantTassistβαGimplantationGstratβπyGγorGγaΔilβGΔonstruΔtionGoγG‘tTΓasβαGhyΓriαGβlβΔtroΔatalystG
toGaΔΔβlβratβGoxyπβnGrβαuΔtionGrβaΔtionUG2022SGY[SGXWWdXd 1

358 pnhanΔβαGoxyπβnGrβαuΔtionGwithGΔarΓonTpolyhβαronTsupportβαGαisΔrβtβGΔoΓaltTnitroπβnGsitβsGγorG
önTairGΓattβriβsUG2022SG[ZXSGXZ[Wc[ 3

357
‘ivotalGrolβsGoγGyTαopβαGΔarΓonGshβllGanαGhollowGstruΔturβGinGnanorβaΔtorGwithGspatialGΔonγinβαGnoG
spβΔiβsGinGpβroxymonosulγatβGaΔtivationeGzΓstruΔtinπGmβtalGlβaΔhinπGanαGβnhanΔinπGΔatalytiΔG
staΓilityUUG2022SG[YbSGXYcYW[

10

356 nonstruΔtinπGsurγaΔβGmiΔroTβlβΔtriΔGγiβlαsGonGhollowGsinπlβTatomGΔoΓaltGΔatalystGγorGultraγastGanαG
antiTintβrγβrβnΔβGaαvanΔβαGoxiαationUG2022SGZW]SGXYXW]b 1

355 noTyTnGsinπlβTatomGnanozymβsGwithGoxiαasβTlikβGaΔtivityGγorGhiπhlyGsβnsitivβGαβtβΔtionGoγGΓiothiolsUUG
2022SG[X[SGXc]b 1

354 oomainTnonγinβαGptΔhinπG”tratβπyGtoG“βπulatβGoβγβΔtivβG”itβsGinGnarΓonGγorGsiπhTpγγiΔiβnΔyG
plβΔtroΔatalytiΔGzxyπβnG“βαuΔtionUGYXXXZda 2

353 plβΔtroniΔGxβtalT”upportGtntβraΔtionGxoαulationGoγG”inπlβTltomGplβΔtroΔatalystsGγorG“βΔharπβaΓlβG
öinΔTlirGmattβriβsUUG2022SGβYXWWd[b 3

352 nuGyanopartiΔlβsGoβΔoratinπGyToopβαGprythroΔytβT”hapβαGnarΓonGyanostruΔturβsGγorG
plβΔtroΔhβmiΔalGnzYG“βαuΔtionUG2022SGZaSGd]cTda[ 0

351 ”upβriorityGoγGoualTltomGnatalystsGinGplβΔtroΔatalysiseGznβG”tβpGqurthβrG–hanG”inπlβTltomG
natalystsUGYXWZ]a[ 21

350 tnT”ituG”iliΔaG°βroπβlGlssistβαGqaΔilβG”ynthβsisGoγGqβTyTnGnatalystsGwithGoβnsβGqβTyGlΔtivβG”itβsGγorG
pγγiΔiβntGzxyπβnG“βαuΔtionUUG2022SGβYXW[dZ[ 2

349 zxyπβnGplasmaGinαuΔβαGintβrγaΔialGnozxV‘hthaloΔyaninβGnoΓaltGasGΓiγunΔtionalGβlβΔtroΔatalystG
towarαsGoxyπβnTinvolvinπGrβaΔtionsUG2022SG 1
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348 ”izβTαβpβnαβntGsβlβΔtivityGoγGironTΓasβαGβlβΔtroΔatalystsGγorGβlβΔtroΔhβmiΔalGnzYGrβαuΔtionUG2022SG
aSGbZaTb[Z 1

347 miγunΔtionalG”inπlβTltomGnoΓaltGplβΔtroΔatalystsGwithGoβnsβGlΔtivβG”itβsG‘rβparβαGviaGaG”iliΔaG
°βroπβlG”tratβπyGγorG“βΔharπβaΓlβGöinΔTlirGmattβriβsUUG2022SGXYSG 4

346 ‘olyoxomβtalatβTΓasβαGmatβrialseGquasiThomoπβnβousGsinπlβTatomGΔatalystsGwithGatomiΔTprβΔisionG
struΔturβsUG 0

345 natalytiΔGopβnTΔirΔuitGpassivationGΓyGthinGmβtalGoxiαβGγilmsGoγGpT”iGanoαβsGinGaquβousGalkalinβG
βlβΔtrolytβsUG2022SGX]SGZZ[TZ[] 1

344 zxyπβnG“βαuΔtionG“βaΔtionGplβΔtroΔatalystsUG2022SGXTZ[ 0

343 xultiT”tratβπyGlrΔhitβΔturβGoγGsiπhTpγγiΔiβnΔyGplβΔtroΔatalystsGγorG—nαβrwatβrGönTsGzGmattβriβsG
withG”upβriorG‘owβrGoβnsityGoγG[[Y´ mWGΔmUUG2022SGβYXWa]ZY 1

342 pγγiΔiβntGanαGsβlβΔtivβGoxiαationGoγGγurγuralGintoGhiπhTvaluβGΔhβmiΔalsGΓyGΔoΓaltGanαGnitroπβnG
ΔoTαopβαGΔarΓonUG 0

341 plβΔtroΔhβmiΔalGαβpositionGoγGβlβΔtroniΔallyGriΔhG‘tGsinπlβGatomsGanαGnanoΔrystalsGonGporousGΔarΓonG
γorGβnhanΔβαGβlβΔtroΔatalysisGinGstronπGaΔiαsUG

340 –ailorinπGatomiΔallyGαispβrsβαGΔoΓaltâ��nitroπβnGaΔtivβGsitβsGinGwrinklβαGΔarΓonGnanoshββtsGviaG
â��γβnΔβâ��GisolationGγorGhiπhlyGsβnsitivβGαβtβΔtionGoγGhyαroπβnGpβroxiαβUG2022SGXWSGZXdWTZYWW 1

339 “βΔβntGstratβπiβsGγorGsynthβsisGoγGmβtallosiliΔatβGzβolitβsUG2022SG 2

338 “oΓustGxzqTαβrivβαGΔarΓonTsupportβαGΓimβtalliΔGyiTnoGΔatalystsGγorGaquβousGphasβG
hyαroαβoxyπβnationGoγGvanillinUUG2022SG 1

337 lltβrinπGwiπanαGqiβlαsGinG”inπlβTltomG”itβsGthrouπhG”βΔonαT”hβllGlnionGxoαulationGmoostsGthβG
zxyπβnG“βαuΔtionG“βaΔtionUUG2022SG 24

336 pmβrπinπGYoGxatβrialsGγorGplβΔtroΔatalytiΔGlppliΔationseG”ynthβsisSGxultiγaΔβtβαGyanostruΔturβsSG
anαGnatalytiΔGnβntβrGoβsiπnUUG2022SGβYXW]cZX 8

335 noΓaltGyanoΔlustβrToβΔoratβαGyT“iΔhGsiβrarΔhiΔalGnarΓonGlrΔhitβΔturβsGpγγiΔiβntlyGnatalyzβG
zxyπβnG“βαuΔtionGanαGsyαroπβnGpvolutionG“βaΔtionsUG 2

334 ”itβT”pβΔiγiΔGlxialGzxyπβnGnoorαinatβαGqβyG[GlΔtivβG”itβsGγorGsiπhlyG”βlβΔtivβGplβΔtrorβαuΔtionGoγG
narΓonGoioxiαβUGYXXX[[a 6

333 pnπinββrinπGpyriαiniΔGanαGpyrroliΔGyTβnriΔhβαGπraphβnβGquantumGαotsGtoGstrβnπthβnGmβtalTsupportG
intβraΔtionsGγorGhiπhlyGβγγiΔiβntGmβthanolGoxiαationUG2022SG]bSGZY]YTZYab 0

332 xβsoporousGΔarΓonGpromotinπGthβGβγγiΔiβnΔyGanαGstaΓilityGoγGsinπlβGatomiΔGβlβΔtroΔatalystsGγorG
oxyπβnGrβαuΔtionGrβaΔtionUG2022SGXdXSGZdZT[WY 3

331 ‘αGnanopartiΔlβsGβnΓβααβαGinGyTpnriΔhβαGxzqToβrivβαGarΔhitβΔturβsGγorGβγγiΔiβntGoxyπβnG
rβαuΔtionGrβaΔtionGinGalkalinβGmβαiaUG2022SG 0
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330 lG—nivβrsalG”inπlβGltomGnoatinπG”tratβπyGmasβαGonG–anniΔGlΔiαGnhβmistryGγorGxultiγunΔtionalG
sβtβroπβnβousGnatalysisUG

329 lG—nivβrsalG”inπlβGltomGnoatinπG”tratβπyGmasβαGonG–anniΔGlΔiαGnhβmistryGγorGxultiγunΔtionalG
sβtβroπβnβousGnatalysisUUGAngewandte Chemie - International EditionSG2022SG 16.4 5

328 noΓaltGsinπlβGatomGsitβsGinGΔarΓonGaβroπβlsGγorGultrasβnsitivβGβnzymβTγrββGβlβΔtroΔhβmiΔalG
αβtβΔtionGoγGπluΔosβUG2022SGdWaSGXXaWY[ 3

327 ”ynthβtiΔGstratβπiβsGoγGsinπlβTatomsGΔatalystsGanαGappliΔationsGinGβlβΔtroΔatalysisUG2022SG[WdSGXZdcZ] 1

326 lGsimultanβousGphosphorizationGanαGΔarΓonizationGstratβπyGtoGsynthβsizβGaGαβγβΔtivβG
noY‘VαopβαTny–sGΔompositβGγorGΓiγunΔtionalGoxyπβnGβlβΔtroΔatalysisUG2022SG[Z]SGXZ[aXY 0

325 lGγullyTΔonjuπatβαGΔovalβntGorπaniΔGγramβworkTαβrivβαGΔarΓonGsupportinπGultraTΔlosβGsinπlβGatomG
sitβsGγorGz““UG2022SGZWbSGXYXX[b 4

324 xβtalTzrπaniΔGqramβworksGoβrivβαGplβΔtroΔatalystsGγorGzxyπβnGanαGnarΓonGoioxiαβG“βαuΔtionG
“βaΔtionUUG2022SGβYWYXWWZYd 5

323 ”trβamlinβGsulγurGrβαoxGrβaΔtionsGtoGaΔhiβvβGβγγiΔiβntGroomTtβmpβraturβGsoαiumTsulγurGΓattβriβsUUG
Angewandte Chemie - International EditionSG2022SG 16.4 5

322 nonstruΔtionGoγGsinπlβTatomGΔatalystsGγorGβlβΔtroTSGphotoTGanαGphotoβlβΔtroTΔatalytiΔGappliΔationseG
”tatβToγTthβTartSGopportunitiβsSGanαGΔhallβnπβsUG2022SG 5

321 ”inπlβTatomGyanozymβsGγorGmiomβαiΔalGlppliΔationseG“βΔβntGlαvanΔβsGanαGnhallβnπβsUUG2022SG 1

320 ”trβamlinβGsulγurGrβαoxGrβaΔtionsGtoGaΔhiβvβGβγγiΔiβntGroomTtβmpβraturβGsoαiumTsulγurGΓattβriβsUG

319 pγγiΔiβntGz““GΔatalystsGγorGzinΔTairGΓattβryeGmiomassTαβrivβαGultraTstaΓlβGΔoGnanopartiΔlβsGwrappβαG
withGπraphitiΔGlayβrsGviaGoptimizinπGβlβΔtronGtransγβrUG2022SG 5

318 ltomiΔallyGoispβrsβαG–ransitionGxβtalTyitroπβnTnarΓonGmiγunΔtionalGzxyπβnGplβΔtroΔatalystsGγorG
öinΔTlirGmattβriβseG“βΔβntGlαvanΔβsGanαGquturβG‘βrspβΔtivβsUUG2021SGX[SGZa 11

317 –ailorinπGthβG”taΓilityGoγGqβTyTnG iaG‘yriαiniΔGyitroπβnGγorGlΔiαGzxyπβnG“βαuΔtionG“βaΔtionUG

316 lGminirβviβwGonGthβGsynthβsisGoγGsinπlβGatomGΔatalystsUUG2022SGXYSGdZbZTdZd[ 1

315 xorpholoπyGanαGnompositionGoβpβnαβnΔβGoγGxultiΔomponβntGnuTmasβαGyanorβaΔtorGγorG–anαβmG
plβΔtroΔatalysisGnoYG“βαuΔtionUG

314 tntβrmolβΔularGsyαroπβnGmonαGxoαulatinπGthβG”βlβΔtivβGnouplinπGoγG‘rotonsGanαGnoYGtoGnh[GzvβrG
yitroπβnToopβαGnarΓonGwayβrsGxoαiγiβαGnoΓaltUG

313 oβtβΔtinπGrβsiαualGΔhβmiΔalGαisinγβΔtantGusinπGanGatomiΔGnoâ��yxâ��nGanΔhorβαGnβuronalTlikβGΔarΓonG
ΔatalystGmoαiγiβαGampβromβtriΔGsβnsorUG 1

(-)

75



312 “βsistinπGxβtalGlππrβπationGinG‘yrolysisGoγGxoγsG–owarαsGsiπhToβnsityGxβtalGyanoΔatalystsGγorG
pγγiΔiβntGsyαrazinβGlssistβαGsyαroπβnG‘roαuΔtionUG

311  iΔinalGnoGatomTΔoorαinatβαGqβâ��yâ��nGΔatalystsGtoGΓoostGthβGoxyπβnGrβαuΔtionGrβaΔtionUG 2

310 narΓiαβGΔoatinπGonGniΔkβlGtoGβnhanΔβGthβGstaΓilityGoγGsupportβαGmβtalGnanoΔlustβrsUUG2022SG 1

309 zrαβrβαGΔarΓonaΔβousGγramβworkseGaGnβwGΔlassGoγGΔarΓonGmatβrialsGwithGmolβΔularTlβvβlGαβsiπnUUG
2022SG 2

308 ”inπlβTatomGΔatalystsGsupportβαGonGorαβrβαGporousGmatβrialseG”ynthβtiΔGstratβπiβsGanαG
appliΔationsUG 3

307 ”ynthβsisGoγGΔoΓaltGsinπlβGatomGΔatalystGΓyGaGsoliαTstatβGtransγormationGstratβπyGγorGαirβΔtGnTnG
ΔrossTΔouplinπGoγGprimaryGanαGsβΔonαaryGalΔoholsUGX 2

306 “βΔβntG‘roπrβssGonGqβTmasβαG”inπlβVoualTltomGnatalystsGγorGönTlirGmattβriβsUUG2022SGβYXWaaZ] 5

305 “ationalGoβsiπnGanαG”pontanβousG”ulγurizationGoγGyinoTOoxyPsyαroxysulγiαβsGyanoshββtsGwithG
xoαulatβαGwoΔalGplβΔtroniΔGnonγiπurationGγorGpnhanΔinπGzxyπβnGplβΔtroΔatalysisUGYXWZYb] 5

304 warπβTsΔalβGsynthβsisGoγGyTαopβαGΔarΓonGΔapsulβsGsupportinπGatomiΔallyGαispβrsβαGironGγorGβγγiΔiβntG
oxyπβnGrβαuΔtionGrβaΔtionGβlβΔtroΔatalysisUG2022SG 17

303 tnG”ituG–ransγormationGoγGötqTcGintoG‘orousGzvβrlayβrGonG“uVönzGγorGpnhanΔβαGsyαroπβnationG
natalysisUUG2022SG 0

302 ”taΓilizinπGnoΓaltG”inπlβGltomsGviaGqlβxiΓlβGnarΓonGxβmΓranβsGasGmiγunΔtionalGplβΔtroΔatalystsGγorG
minαβrTqrββGöinΔTlirGmattβriβsUUG2022SG 6

301 lαvanΔβsGinGthβGoβvβlopmβntGoγG”inπlβTltomGnatalystsGγorGsiπhTpnβrπyToβnsityGwithiumT”ulγurG
mattβriβsUUG2022SGβYYWWXWY 13

300 tαβntiγiΔationGoγGnatalytiΔGlΔtivβG”itβsGγorGouraΓlβG‘rotonGpxΔhanπβGxβmΓranβGquβlGnβlleGnatalytiΔG
oβπraαationGanαG‘oisoninπG‘βrspβΔtivβsUUG2022SGβYXWaYbd 4

299 siπhlyGβγγiΔiβntGanαGsβlβΔtivβGβlβΔtroΔatalytiΔGhyαroπβnGpβroxiαβGproαuΔtionGonGnoTzTnGaΔtivβG
ΔβntβrsGonGπraphβnβGoxiαβUG2022SG]SG 4

298 –owarαsGsinπlβTatomGphotoΔatalystsGγorGγuturβGΔarΓonTnβutralGappliΔationUG 3

297 pnπinββrinπGYoGxatβrialsGγorG‘hotoΔatalytiΔGWatβrT”plittinπGγromGaG–hβorβtiΔalG‘βrspβΔtivβUUG2022SG
X]SG 4

296 mimβtalGxβtalTzrπaniΔGqramβworksGoβrivβαGsiβrarΔhiΔalG‘orousGnoΓaltkyitroπβnToopβαGnarΓonG
–uΓβsGasGlnGpγγiΔiβntGplβΔtroΔatalystGγorGzxyπβnG“βαuΔtionG“βaΔtionUG2022SGdSG 0

295 ”patialTγivβGΔoorαinationGpromotβsGthβGhiπhGβγγiΔiβnΔyGoγGnoy[GmoiβtyGinGπraphβnβTΓasβαGΓilayβrG
γorGoxyπβnGrβαuΔtionGβlβΔtroΔatalysiseGlGαβnsityGγunΔtionalGthβoryGstuαyUG2022SG
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294 lGγirstTprinΔiplβsGstuαyGonGthβGβlβΔtroΔhβmiΔalGrβaΔtionGaΔtivityGoγGZαGtransitionGmβtalGsinπlβTatomG
ΔatalystsGinGnitroπβnTαopβαGπraphβnβeG–rβnαsGanαGhintsUG2022SG 5

293 lGnβwGxnxzyVΔarΓonGnanoroαsGαβrivβαGγromGΓimβtalliΔGönVxnGmβtalâ��orπaniΔGγramβworkGasGanG
βγγiΔiβntGoxyπβnGrβαuΔtionGrβaΔtionGβlβΔtroΔatalystGγorGalkalinβGönTlirGΓattβriβsUGX 0

292 moostinπGzxyπβnG“βαuΔtionGγorGsiπhTpγγiΔiβnΔyGsGzGplβΔtrosynthβsisGonGzxyπβnTnoorαinatβαG
nojyjnGnatalystsUUG2022SGβYYWWbZW 2

291 lGΔliΔkinπGΔonγinβmβntGstratβπyGtoGγaΓriΔatβGtransitionGmβtalGsinπlβTatomGsitβsGγorGΓiγunΔtionalG
oxyπβnGβlβΔtroΔatalysisUUG2022SGcSGβaΓn]WdX 14

290 ”ynthβsisGoγG’uinazolinonβsG iaGaG–anαβmGsyαroπβnT–ransγβrG”tratβπyGnatalyzβαGΓyGyS”GnoTαopβαG
narΓonTlnΔhorβαGnoGyanopartiΔlβsUG2022SGXWSGZcbYTZccX 1

289 ”tuαyGoγGyonTyoΓlβTxβtalTmasβαGxβtalâ��yitroπβnâ��narΓonGnatalystsGγorGqormiΔGlΔiαG
oβhyαroπβnationUG 0

288 mimβtalliΔGzβolitiΔGimiαazolatβGγramβworkGαβrivβαGmaπnβtiΔGΔatalystGγorGhiπhTβγγiΔiβnΔyGnzYG
ΔhβmiΔalGγixationUG2022SGY]YSGXXb]ZW 1

287 xβtalTorπaniΔGγramβworkTαβrivβαGmultiγunΔtionalGphotoΔatalystsUG2022SG[ZSGdbXTXWWW 3

286 ltomiΔallyGoispβrsβαGnuG”itβsGonGoualTxβsoporousGyToopβαGnarΓonGγorGpγγiΔiβntGlmmoniaG
plβΔtrosynthβsisGγromGyitratβUUG2022SG 2

285 ”inπlβGyiΔkβlGsitβsGTGβasyGsβparationGanαGhiπhTpβrγormanΔβGΔatalystGγorGthβGproαuΔtionGoγG˛†TyitroG
alΔoholsUG2022SGYcdSGXYWbad 1

284 noppβrTinvolvβαGhiπhlyGβγγiΔiβntGoxyπβnGrβαuΔtionGrβaΔtionGinGΓothGalkalinβGanαGaΔiαiΔGmβαiaUG2022SG
[ZbSGXZ]Zbb 2

283 –hβGβγγβΔtGoγGΔoorαinationGβnvironmβntGonGthβGaΔtivityGanαGsβlβΔtivityGoγGsinπlβTatomGΔatalystsUG
2022SG[aXSGYX[[dZ 11

282 siπhlyGαispβrsβαGnoGatomsGanΔhorβαGinGporousGnitroπβnTαopβαGΔarΓonGγorGaΔiαiΔGsYzYG
βlβΔtrosynthβsisUG2022SG[ZcSGXZ]aXd 1

281 nonstruΔtionGoγGαualGaΔtivβGsitβsGonGαiatomiΔGmβtalGOqβnoâ��yVnTxPGΔatalystsGγorGβnhanΔβαG
qβntonTlikβGΔatalysisUG2022SGZWdSGXYXY]a 5

280 ötqTαβrivβαGzinΔGαβΔoratβαGΔoΓaltGnanopartiΔlβsGγorGβγγiΔiβntGoxyπβnGrβαuΔtionGanαGönTairGΓattβriβsUG
2022SGdWcSGXa[aZc 2

279 –ransitionGmβtalTΓasβαGsinπlβTatomGΔatalystsGO–xT”lnsPfGrisinπGmatβrialsGγorGβlβΔtroΔhβmiΔalGnzYG
rβαuΔtionUG2022SGbWSG[[[T[bX 1

278 –hβorβtiΔalGinvβstiπationGoγGsp“Vzp“Vz““GΔatalytiΔGaΔtivityGoγGsinπlβGatomTαβΔoratβαGπraphynβGΓyG
oq–GanαGΔomparativβGoz”GanalysβsUG2022SG]dYSGX]ZYZb 1

277 “βΔβntGaαvanΔβsGinGhiπhTloaαinπGΔatalystsGγorGlowTtβmpβraturβGγuβlGΔβllseGqromGnanopartiΔlβGtoG
sinπlβGatomUG2021SGXSG]adT]dY 8
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276 “βΔβntGlαvanΔβsGinG”ynthβsisGanαGlppliΔationsGoγG”inπlβTltomGnatalystsGγorG“βΔharπβaΓlβG
mattβriβsUUG2021SG 1

275 ”tuαyGonGthβG”truΔturβTlΔtivityG“βlationshipGmβtwββnG”inπlβTltomSGnlustβrGanαGyanopartiΔlβG
natalystsGinGaGsiβrarΔhiΔalG”truΔturβGγorGthβGzxyπβnG“βαuΔtionG“βaΔtionUG2021SGβYXW][cb 0

274 –hβorβtiΔalGstuαiβsGoγGx°βnβTsupportβαGsinπlβTatomGΔatalystseGzsXV–iYn”YGγorGlowTtβmpβraturβG
nzGoxiαationUG2022SGa]SGXZWZTXZXY 0

273 yanoΔatalystsGγorGγuβlGΔβllsUG2022SG]bdTaW[

272 pnπinββrinπGsinπlβTatomGΔatalystsGtowarαGΓiomβαiΔalGappliΔationsUUG2022SG 6

271 ”inπlβTatomGΔatalystsGγorGphotoΔatalytiΔGhyαroπβnGβvolutioneGlGrβviβwUG2022SG 1

270 pxpβrimβntalGanαGoq–GstuαiβsGoγGoxyπβnGrβαuΔtionGrβaΔtionGpromotβαGΓyGΓinaryGsitβGqβVnoTyTnG
ΔatalystGinGaΔiαUG2022SGXXaZYY 0

269 ltomiΔallyGαispβrsβαGmβtalTnitroπβnTΔarΓonGβlβΔtroΔatalystsGγorGoxyπβnGrβαuΔtionGrβaΔtioneGγromG
synthβsisGstratβπiβsGtoGaΔtivityGβnπinββrinπUG2022SGXWXWXb 3

268 qβG”inπlβTatomG”itβsGinG–woToimβnsionalGyitroπβnGαopβαG‘orousGnarΓonGγorGplβΔtroΔatalytiΔG
zxyπβnG“βαuΔtionUG

267 qaΓriΔatinπGαiγγβrβntGΔoorαinationGstatβsGoγGΔoΓaltGasGmaπnβtiΔGaΔiαTΓasβGΓiγunΔtionalGΔatalystGγorG
ΓioαiβsβlGproαuΔtionGγromGmiΔroalπalGlipiαUG2022SGZYYSGXY[XbY 0

266 noΓaltTΔatalysβαGnsTalkylationGoγGinαolβsGwithGalΔoholsGΓyGΓorrowinπGhyαroπβnGmβthoαoloπyUG 0

265 tntβrγaΔinπGsinπlβTatomGΔatalysisGwithGΔontinuousTγlowGorπaniΔGβlβΔtrosynthβsisUUG2022SG 5

264 ”orptionGβnhanΔβαGΔatalysisGγorGnzYGhyαroπβnationGtowarαsGγuβlsGanαGΔhβmiΔalsGwithGγoΔusGonG
mβthanationUG2022SGd]TXXd

263 äolkT”hβllGnoGnatalystsGwithGnontrollβαGyanopartiΔlβV”inπlβTltomG“atioGγorGlquβousGwβvuliniΔGlΔiαG
syαroπβnationGtoG˛�T alβrolaΔtonβUG

262 pγγβΔtGoγGstruΔturalGmoαiγiΔationsGonGthβGoxyπβnGrβαuΔtionGrβaΔtionGpropβrtiβsGoγGmβtalTorπaniΔG
γramβworkTΓasβαGΔatalystsUG2022SGXa]TXc[

261 “uπaβTlikβGyTαopβαGporousGΔarΓonGinΔorporatβαGwithGqβTyGxGanαGqβGZGzG[GαualGaΔtivβGsitβsGasGaG
powβrγulGoxyπβnGrβαuΔtionGΔatalystGγorGzinΔTairGΓattβriβsUG 0

260 ‘βroxymonosulγatβGlΔtivationGonG”ynβrπistiΔallyGpnhanΔβαG”inπlβTltomGnoVnoknGγorGmoostβαG
nhβmiluminβsΔβnΔβGoγG–risOΓipyriαinβPG“uthβniumOttPGoβrivativβUUG2022SG 2

259
”ynthβsisGoγGhollowGqβSGnoSGanαGyTαopβαGΔarΓonGΔatalystsGγromGΔonαuΔtinπG
polymβrTmβtalTorπaniΔTγramβworksGΔorβTshβllGpartiΔlβsGγorGthβirGappliΔationGinGanGoxyπβnGrβαuΔtionG
rβaΔtionUG2022SG

2
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258 ”inπlβTltomG–ailorinπGoγG–woToimβnsionalGltomiΔGnrystalsGpnaΓlβsGsiπhlyGpγγiΔiβntGoβtβΔtionGanαG
‘attβrnG“βΔoπnitionGoγGnhβmiΔalG aporsUUG2022SG 2

257 nonstruΔtionGoγGisolatβαGyiGsitβsGonGnitroπβnTαopβαGhollowGΔarΓonGsphβrβsGwithGyiâ��yZG
ΔonγiπurationGγorGβnhanΔβαGrβαuΔtionGoγGnitroarβnβsUG 1

256 ”βlγTsaΔriγiΔβGxzqsGγorGhβtβroπβnβousGΔatalysiseG”ynthβsisGmβΔhanismsGanαGγuturβGpβrspβΔtivβsUG
2022SG 6

255 oirβΔtG isualizationGoγGthβGpvolutionGoγGaG”inπlβTltomiΔGnoΓaltGnatalystGγromGxβltinπGyanopartiΔlβsG
withGnarΓonGoissolutionUUG2022SGβYYWW]dY 1

254 “βsβarΔhGproπrβssGoγGprβΔisβGstruΔturalGrβπulationGoγGsinπlβGatomGΔatalystGγorGaΔΔβlβratinπG
βlβΔtroΔatalytiΔGoxyπβnGrβαuΔtionGrβaΔtionUG2022SG 3

253 lGplasmaGΓomΓinπGstratβπyGtoGsynthβsizβGhiπhTloaαinπGsinπlβTatomGΔatalystsGγorGoxyπβnGrβαuΔtionG
rβaΔtionUG2022SGXWWccW 2

252 narΓonTmasβαGxatβrialT”upportβαG”inπlβTltomGnatalystsGγorGpnβrπyGnonvβrsionUG2022SGXW[Zab 3

251 yitroπβnTαopβαGZoGporousGπraphβnβGΔouplβαGwithGαβnsβlyGαistriΓutβαGnozxGnanopartiΔlβsGγorG
βγγiΔiβntGmultiγunΔtionalGβlβΔtroΔatalysisGanαGönTlirGΓattβryUG2022SG[YWSGX[W[ZY 0

250 lαvanΔβsGoγGatomiΔallyGαispβrsβαGΔatalystsGγromGsinπlβTatomGtoGΔlustβrsGinGβnβrπyGstoraπβGanαG
ΔonvβrsionGappliΔationsUG2022SGXYcSGXWWda[ 0

249 ”urγaΔβGβnπinββrinπGoγGxzqsGasGaGroutβGtoGΔoΓaltGphosphiαβGβlβΔtroΔatalystsGγorGβγγiΔiβntGoxyπβnG
βvolutionGrβaΔtionUG2022SGdcSGXWbZX] 3

248 noorαinationGanΔhorinπGsynthβsisGoγGhiπhTαβnsityGsinπlβTmβtalTatomGsitβsGγorGβlβΔtroΔatalysisUG2022SG
[aaSGYX[aWZ 5

247 syΓriαizationGoγGironGphthaloΔyaninβGanαGxo”YGγorGhiπhTβγγiΔiβnΔyGanαGαuraΓlβGoxyπβnGrβαuΔtionG
rβaΔtionUG2022SGbXSG]YcT]Zc 0

246 xorpholoπyGanαGΔompositionGαβpβnαβnΔβGoγGmultiΔomponβntGnuTΓasβαGnanorβaΔtorGγorGtanαβmG
βlβΔtroΔatalysisGnzYGrβαuΔtionUG2022SGZX[SGXYX[dc 2

245 pγγiΔiβntGanαGΔostTβγγβΔtivβGz““GβlβΔtroΔatalystsGΓasβαGonGlowGΔontβntGtransitionGmβtalsGhiπhlyG
αispβrsβαGonGnZy[VsupβrTaΔtivatβαGΔarΓonGΔompositβsUG2022SGXdaSGZbcTZdW 0

244 siπhlyGporousGnanostruΔturβseG“ationalGγaΓriΔationGanαGpromisinπGappliΔationGinGβnβrπyG
βlβΔtroΔatalysisUG2022SG[aaSGYX[aW[ 5

243 ltomiΔallyGαispβrsβαGlβwisGaΔiαGsitβsGmββtGpolyOioniΔGliquiαPsGnβtworksGγorGsolvβntTγrββGanαG
ΔoTΔatalystTγrββGΔonvβrsionGoγGnzYGtoGΔyΔliΔGΔarΓonatβsUG2022SGZXZSGXYX[aZ 5

242 yonTyoΓlβTxβtalGnatalystGanαGönVrraphβnβGqilmGγorGwowTnostGanαG—ltraTwonπTouraΓilityG
”oliαT”tatβGönTlirGmattβriβsGinGsarshGplβΔtrolytβsUGYYWWZdb 4

241 “βsβarΔhGproπrβssGoγGhiπhlyGβγγiΔiβntGnoΓlβGmβtalGΔatalystsGγorGthβGoxiαationGoγG
]ThyαroxymβthylγurγuralUUG2022SG 1
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240 tsolatinπG”inπlβGanαGqβwGltomsGγorGpnhanΔβαGnatalysisUUG2022SGβYYWXbda 12

239 zptimizinπGltomiΔallyGoispβrsβαGxβtalGplβΔtroΔatalystsGγorGsyαroπβnGpvolutioneGnhβmiΔalG
noorαinationGpγγβΔtGanαGplβΔtroniΔGxβtalG”upportGtntβraΔtionUUG2022SG 1

238 qβZnGΔonγinβαGinGyTαopβαGΔarΓonsGαβrivβαGγromGqβTyGΓβarinπGioniΔGliquiαsGγorGsβlβΔtivβGoxiαationGoγG
styrβnβGintoGΓβnzalαβhyαβGwithGmolβΔularGoxyπβnUG2022SGXZ]SGXW[Zac 0

237 ‘romotinπGzxyπβnG“βαuΔtionGviaGnraγtinπGmriαπβTΓonαβαGzxyπβnGwiπanαsGonGtronG”inπlβTltomG
natalystUG 0

236 ‘hthaloâ��ΔarΓonitriαβGyanoshββtGasGpxΔβllβntGyYG“βαuΔtionG“βaΔtionGplβΔtroΔatalysteGlG
qirstâ��prinΔiplβsG”tuαyUG 0

235 ‘romotinπGzxyπβnG“βαuΔtionGviaGnoorαinationGpnvironmβntGxoαulationGthrouπhG”βΔonαaryG
xβtalTatomGtnΔorporationUG 0

234 ”inπlβGatomiΔGΔoΓaltGΔatalystGγorGβγγiΔiβntGoxyπβnGrβαuΔtionGrβaΔtionUG2022SG 11

233 “ationalG“βπulationGoγGnoâ��yâ��nGnoorαinationGγorGsiπhTpγγiΔiβnΔyGrβnβrationGoγGXzYGtowarαGyβarlyG
XWWLG”βlβΔtivβGoβπraαationGoγGzrπaniΔG‘ollutantsUG 0

232 nonstruΔtinπGohmiΔGΔontaΔtGonGhollowGΔarΓonGnanoΔaπβsGtoGβnhanΔβGΔonαuΔtionGlossGβnaΓlinπG
hiπhTβï‹�ΔiβntGmiΔrowavβGaΓsorptionUG2022SGXdaSG]]YT]aX 4

231 —ltralowGwoaαinπG“uTxoYΔGonGnntGmoostinπGsiπhGouraΓilityGplβΔtroΔatalystGγorGzxyπβnG“βαuΔtionG
“βaΔtionUG

230 lGsupβriorGβlβΔtroΔatalystGtowarαGoxyπβnGrβαuΔtionGrβaΔtionGΓyGatomiΔallyGαispβrsβαGΔoppβrGonGySGqG
ΔoTαopβαGπraphβnβGthrouπhGatomiΔGintβrγaΔβGβnπinββrinπUG 0

229 xβtalTorπaniΔGγramβworkTαβrivβαGnoGnanopartiΔlβsGanαGsinπlβGatomsGasGβγγiΔiβntGβlβΔtroΔatalystGγorG
psGunivβrsalGhyαroπβnGβvolutionGrβaΔtionUG 1

228 “βΔβntGaαvanΔβsGinGmβtalTorπaniΔGγramβworksTαβrivβαGΔarΓonTΓasβαGβlβΔtroΔatalystsGγorGthβG
oxyπβnGrβαuΔtionGrβaΔtionUG2022SG 2

227 lG”upportβαG‘allaαiumGonGralliumTΓasβαGwiquiαGxβtalGnatalystGγorGpnhanΔβαGzxyπβnG“βαuΔtionG
“βaΔtionUG

226 natalytiΔallyGlΔtivβGltomiΔallyG–hinGnupratβGwithG‘βrioαiΔGnuG”inπlβG”itβsUG

225 sβtβroGxzqTonTxzqTαβrivβαGΔarΓonGnanotuΓβGintβrΔonnβΔtβαGnitroπβnTαopβαG
ΔarΓonTβnΔapsulatβαGqβyiVqβqGYGγorGβγγiΔiβntGoxyπβnGβvolutionGrβaΔtionUG 5

224 yonToxiαativβG‘ropanβGoβhyαroπβnationGovβrG anaαiumGoopβαGrraphitiΔGnarΓonGyitriαβGnatalystsUG 0

223 ltomiΔallyGoispβrsβαGnoyGZGnGXGT–βyGXGnGZGoiatomiΔG”itβsGlnΔhorβαGinGyToopβαGnarΓonGasGpγγiΔiβntG
miγunΔtionalGnatalystGγorG”ynβrπistiΔGplβΔtroΔatalytiΔGsyαroπβnGpvolutionGanαGzxyπβnG“βαuΔtionUGYYWXdb[ 0
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222 ”inπlβTltomGnatalystsGγorGsyαroπβnGrβnβrationeG“ationalGoβsiπnSG“βΔβntGlαvanΔβsSGanαG
‘βrspβΔtivβsUGYYWWcb] 5

221 plβΔtroΔatalytiΔGaΔtivityGonGsinπlβGatomsGΔatalystseG”ynthβsisGstratβπiβsSGΔharaΔtβrizationSG
ΔlassiγiΔationSGanαGβnβrπyGΔonvβrsionGappliΔationsUG2022SG[abSGYX[aWW 1

220 “βsβarΔhG‘roπrβssGoγGlsymmβtriΔallyGnoorαinatβαG”inπlβTltomGnatalystsGγorGplβΔtroΔatalytiΔG
“βaΔtionsUG 6

219 ”inπlβGltomG”itβsGnatalystsGΓasβαGonGsiπhG”pβΔiγiΔG”urγaΔβGlrβaG”upportsUG 0

218 “βπβnβrationGoγGsinπlβTatomGΔatalystsGαβaΔtivatβαGunαβrGaΔiαGoxyπβnGrβαuΔtionGrβaΔtionG
ΔonαitionsUG2022SG 2

217 ”oliαT”tatβG“βaΔtionG”ynthβsisGoγGyanosΔalβGxatβrialseG”tratβπiβsGanαGlppliΔationsUG 0

216 moostinπGtoluβnβGoxiαationGΓyGthβGrβπulationGoγG‘αGspβΔiβsGonG—izTaaeG”ynβrπistiΔGβγγβΔtGoγG‘αG
spβΔiβsUG2022SG[XZSG]dTb] 3

215 lGnovβlGγluorβsΔβnΔβTsΔattβrinπGratiomβtriΔGsβnsorGΓasβαGonGqβTyTnGnanozymβGwithGroΓustG
oxiαasβTlikβGaΔtivityUG2022SGZacSGXZYXcX 1

214 pxploitinπGthβGtraαβToγγsGoγGβlβΔtronGtransγβrGinGxzqTαβrivβαGsinπlβGönVnoGatomiΔGΔouplβsGγorG
pβrγormanΔβTβnhanΔβαGzinΔTairGΓattβryUG2022SGZXaSGXYX]dX 3

213 tronTniΔkβlGalloyGnanopartiΔlβsGβnΔapsulatβαGinGnitroπβnTαopβαGΔarΓonGnanotuΓβsGasGβγγiΔiβntG
ΓiγunΔtionalGβlβΔtroΔatalystGγorGrβΔharπβaΓlβGzinΔTairGΓattβriβsUG2022SGaY]SGYbcTYcc 0

212 lΔΔβlβratinπGplβΔtroΔhβmiΔallyGnatalyzβαGyitroπβnG“βαuΔtionsGonGxβtalloporphyrinTxβαiatβαG
xβtalTyitroπβnToopβαGnarΓonGOxTyTnPGnatalystsUG 1

211 ”inπlβGatomsGmββtGmβtalâ��orπaniΔGγramβworkseGΔollaΓorativβGβγγortsGγorGβγγiΔiβntGphotoΔatalysisUG 7

210 nhanπinπGΔharπβGtransγβrGmoαβGwithGΔoΓaltâ��molyΓαβnumGΓimβtalliΔGatomiΔGpairsGγorGβnhanΔβαG
nitroπβnGγixationUG 0

209 pγγiΔiβntGnoYG“βαuΔtionGtoG“βvβalGthβG‘iβzoΔatalytiΔGxβΔhanismeGqromGoisplaΔβmβntGnurrβntGtoG
lΔtivβG”itβsUG

208 wowTΔoorαinatβαGyiâ��yXâ��nZGsitβsGatomiΔallyGαispβrsβαGonGhollowGΔarΓonGnanotuΓβsGγorGβγγiΔiβntG
nzYGrβαuΔtionUG 1

207 rraphβnβTΓasβαGβlβΔtroΔatalystsGγorGaαvanΔβαGβnβrπyGΔonvβrsionUG2022SG 2

206 ”ynthβsisGanαGβlβΔtroΔatalysisGoγGorαβrβαGΔarΓonaΔβousGγramβworksGγromGyiGporphyrinGwithGγourG
βthynylGπroupsUG2022SG

205 somoπβnβityGoγG”upportβαG”inπlβTltomGlΔtivβG”itβsGmoostinπGthβG”βlβΔtivβGnatalytiΔG
–ransγormationsUGYYWX]YW 3
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204 –uninπGthβG”itβTtoT”itβGtntβraΔtionGinG“uâ��xGOx´ h´ noSGqβSGyiPGoiatomiΔGplβΔtroΔatalystsGtoGnlimΓGupG
thβG olΔanoG‘lotGoγGzxyπβnGplβΔtrorβαuΔtionUG 2

203 qaΓriΔationGoγGmultiTporβGstruΔturβGnuSGyTΔoαopβαGporousGΔarΓonTΓasβαGΔatalystGanαGitsGoxyπβnG
rβαuΔtionGrβaΔtionGΔatalytiΔGpβrγormanΔβGγorGmiΔroΓialGγuβlGΔβllUG

202 “oΓustGzxyπβnG“βαuΔtionGplβΔtroΔatalysisGpnaΓlβαGΓyG‘latinumG“ootβαGonGxolyΓαβnumGyitriαβG
xiΔroroαsUG 1

201 ”inπlβTatomGΔatalysisGγorGΔarΓonGnβutralityUG 8

200 lGΔomparisonGstuαyGonGsinπlβGmβtalGatomsGOqβSGnoSGyiPGwithinGnitroπβnTαopβαGπraphβnβGγorGoxyπβnG
βlβΔtroΔatalysisGanαGrβΔharπβaΓlβGönTairGΓattβriβsUG2022SG

199 xzqTαβrivβαGxβtalG”ulγiαβsGγorGplβΔtroΔhβmiΔalGpnβrπyGlppliΔationsUG2022SG 1

198 ‘rβparationGoγGqβ‘ΔyskrzGΔompositβsGanαGΓoostinπGoxyπβnGrβαuΔtionGrβaΔtionUG 0

197 qβGsinπlβTatomGΔatalystsGwithGprβTorπanizβαGΔoorαinationGstruΔturβGγorGβγγiΔiβntGβlβΔtroΔhβmiΔalG
nitratβGrβαuΔtionGtoGammoniaUG2022SGXYXb]W 2

196
”inπlβTatomiΔGxnGsitβsGΔouplβαGwithGqβZnGnanopartiΔlβsGβnΔapsulatβαGinGΔarΓonGmatrixβsGαβrivβαG
γromGΓimβtalliΔGxnVqβGpolyphthaloΔyaninβGΔonjuπatβαGpolymβrGnβtworksGγorGaΔΔβlβratinπG
βlβΔtroΔatalytiΔGoxyπβnGrβαuΔtionUG

1

195 lGsβlγTsupportβαGΓiγunΔtionalGairGΔathoαβGΔomposβαGoγGnoZz[VqβYzZGnanopartiΔlβsGβmΓβααβαGinG
nanoshββtGarraysGπraγtβαGontoGΔarΓonGnanoγiΓβrsGγorGsβΔonαaryGzinΔTairGΓattβriβsUG2022SGdYXSGXaaXYc 1

194 äolkTshβllGnoGΔatalystsGwithGΔontrollβαGnanopartiΔlβVsinπlβTatomGratioGγorGaquβousGlβvuliniΔGaΔiαG
hyαroπβnationGtoG˛‡TvalβrolaΔtonβUG2022SG[]WSGXZcX]Z 1

193 plβΔtroΔhβmiΔalGrβmovalGoγGammoniumGnitroπβnGinGhiπhGβγγiΔiβnΔyGanαGyYGsβlβΔtivityGusinπG
nonTnoΓlβGsinπlβTatomiΔGironGΔatalystUG2023SGXY]SG][[T]]Y 0

192 –ailorinπGmonαGxiΔroβnvironmβntsGanαG“βaΔtionG‘athwaysGoγG”inπlβTltomGnatalystsGγorGpγγiΔiβntG
WatβrGplβΔtrolysisUGAngewandte Chemie - International EditionSG 16.4 4

191 –ailorinπGmonαGxiΔroβnvironmβntsGanαG“βaΔtionG‘athwaysGoγG”inπlβTltomGnatalystsGγorGpγγiΔiβntG
WatβrGplβΔtrolysisUG

190 “ationalGΔoorαinationGrβπulationGinGΔarΓonTΓasβαGsinπlβTmβtalTatomGΔatalystsGγorGβlβΔtroΔatalytiΔG
oxyπβnGrβαuΔtionGrβaΔtionUG2022SGdSG 2

189 xoαulatinπGthβGstronπGmβtalTsupportGintβraΔtionGoγGsinπlβTatomGΔatalystsGviaGviΔinalGstruΔturβG
αβΔorationUG2022SGXZSG 1

188 qβâ��yâ��nGsinπlβGatomGΔatalystsGγorGthβGβlβΔtroΔhβmiΔalGΔonvβrsionGoγGΔarΓonSGnitroπβnGanαGoxyπβnG
βlβmβntsUG2022SGXWWX[X 0

187 tnTsituGΔoΓaltTniΔkβlGalloyGΔatalyzβαGnitroπβnTαopβαGΔarΓonGnanotuΓβGarraysGasGsupβriorG
γrββstanαinπGairGβlβΔtroαβsGγorGγlβxiΓlβGzinΔTairGanαGaluminumTairGΓattβriβsUG2022SGZXbSGXYXba[ 3
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186 ”ynthβsisGoγGnarΓonTmasβαGyanomatβrialsUG2022SGX]T]X

185 ”trβnπthβnβαGαâ��pGzrΓitalGsyΓriαizationGthrouπhGlsymmβtriΔGnoorαinationGpnπinββrinπGoγG
”inπlβTltomGnatalystsGγorGouraΓlβGwithiumâ��”ulγurGmattβriβsUG2022SGYYSGaZaaTaZb[ 1

184 –woâ��αimβnsionalGnanomatβrialsGΔonγinβαGsinπlβGatomseGyβwGopportunitiβsGγorGβnvironmβntalG
rβmβαiationUG2022SG 0

183 “βΔβntGproπrβssGoγGβlβΔtroΔhβmiΔalGrβαuΔtionGoγGnzYGΓyGsinπlβGatomGΔatalystsUG2022SGXWWX[W 0

182 –woGXoGlnαβrsonT–ypβG‘olyoxomβtalatβTmasβαGxβtalâ��zrπaniΔGnomplβxβsGasGmiγunΔtionalG
sβtβroπβnβousGnatalystsGγorGnzYG‘hotorβαuΔtionGanαG”ulγurGzxiαationUG2022SGaXSGXXbb]TXXbca 0

181 ZoGyanoporousGrraphβnβGmasβαG”inπlβTltomGplβΔtroΔatalystsGγorGpnβrπyGnonvβrsionGanαG”toraπβUG 0

180 “βsistinπGmβtalGaππrβπationGinGpyrolysisGoγGxzqsGtowarαsGhiπhTαβnsityGmβtalGnanoΔatalystsGγorG
βγγiΔiβntGhyαrazinβGassistβαGhyαroπβnGproαuΔtionUG 0

179 lGπβnβralGsynthβsisGoγGsinπlβGatomGΔatalystsGwithGΔontrollaΓlβGatomiΔGanαGmβsoporousGstruΔturβsUG
2022SGXSGa]cTaab 2

178 narΓonT”hiβlαβαG”inπlβTltomGllloyGxatβrialGqamilyGγorGxultiTqunΔtionalGplβΔtroΔatalysisUGYYW]a][ 1

177 ”inπlβTatomGΔatalystsGγorGthβrmoΔhβmiΔalGπasTphasβGrβaΔtionsUG2022SG]YdSGXXY]Z]

176 ”inπlβTltomTmasβαGnatalystsGγorG‘hotoΔatalytiΔGWatβrG”plittinπGonG–izYGyanostruΔturβsUG2022SGXYSGdW] 0

175 ”ynthβsisGoγGyitroπβnTαopβαGnarΓonG”upportβαGnβriumG”inπlβGltomGnatalystGΓyGmallGxillinπGγorG
”βlβΔtivβGzxiαationGoγGpthylΓβnzβnβUG 0

174 –unaΓlβG”truΔturβαGx°βnβsGWithGxoαulatβαGltomiΔGpnvironmβntseGlG‘owβrγulGyβwG‘latγormGγorG
plβΔtroΔatalytiΔGpnβrπyGnonvβrsionUGYYWZYcX 1

173 noΓaltGOironPSGnitroπβnGanαGΔarΓonGαopβαGmushroomGΓioΔharGγorGhiπhTβγγiΔiβnΔyGoxyπβnGrβαuΔtionGinG
miΔroΓialGγuβlGΔβllGanαGönTairGΓattβryUG2022SGXWc[b[

172 narΓonGαotsTαβrivβαGΔarΓonGnanoγlowβrsGαβΔoratβαGwithGΔoΓaltGsinπlβGatomsGanαGnanopartiΔlβsGasG
βγγiΔiβntGβlβΔtroΔatalystsGγorGoxyπβnGrβαuΔtionUG2022SG[ZSGY[[ZTY[]Y 1

171 ltomiΔallyGαispβrsβαG“uZGsitβGΔatalystsGγorGβlβΔtroΔhβmiΔalGsβnsinπGoγGsmallGmolβΔulβsUG2022SGYXaSGXX[aWd 1

170 xnTαopβαGsinπlβGatomGnanozymβGΔompositβαGluGγorGβnhanΔinπGβnzymatiΔGanαGphotothβrmalG
thβrapyUG2022SGaYcSG[XdT[Z[

169 pxploratoryGΔonstruΔtionGoγGnoVnoZz[TyiVyizGhβtβrointβrγaΔβGmoαiγiβαGmaΔroporousG
intβrΔonnβΔtβαGhollowGΔarΓonGnanoγiΓβrsGtowarαsGβγγiΔiβntGanαGγlβxiΓlβGβlβΔtroΔatalysisUG2022SG[]WSGXZcY]Y 2
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168 xiΔroβnvironmβntGβnπinββrinπGoγGqβTsinπlβTatomiΔTsitβGwithGnitroπβnGΔoorαinationGanΔhorβαGonG
ΔarΓonGnanotuΓβsGγorGΓoostinπGoxyπβnGβlβΔtroΔatalysisGinGalkalinβGanαGaΔiαiΔGmβαiaUG2023SG[]XSGXZcac[ 1

167 tnsiπhtGintoGrolβGoγGyiVqβGβxistinπGγormsGinGrβvβrsiΓlβGoxyπβnGΔatalysisGΓasβαGonGyiTqβG
sinπlβTatomVnanopartiΔlβsGanαGyTαopβαGΔarΓonUG 2

166 ‘roπrβssGanαG‘βrspβΔtivβsGoγG”inπlβTatomGnatalystsGγorGrasG”βnsinπUGYYWabcZ 1

165 xβΔhanismGαiγγβrβnΔβGΓβtwββnGnanopartiΔlβsGanαGsinπlβTatomGsitβsGonGaquβousGγormiΔGaΔiαG
αβhyαroπβnationGovβrGΔoΓlatGΔatalystUG2022SG]ZXSGXXYabX 0

164 ”ynβrπβtiΔGΔontriΓutionGoγGnoZRVnoYRGanαGqβynGinGnoqβknoqβYz[GtowarαGβγγiΔiβntG
βlβΔtroΔatalystsGγorGoxyπβnGrβαuΔtionGrβaΔtionUG2022SG[ZYSGX[XYY[ 0

163 noGsinπlβTatomGΔonγinβαGinGyTαopβαGhollowGΔarΓonGsphβrβGwithGsupβrΓGstaΓilityGγorGrapiαG
αβπraαationGoγGorπaniΔGpollutantsUG2023SG[]YSGXZdYYd 0

162 mimβtalliΔGorαβrβαGΔarΓonaΔβousGγramβworksGγromGnoTGanαGnuTporphyrinGΓimolβΔularGΔrystalsUG2023
SGYWXSGZZcTZ[a 0

161 pγγiΔiβntGnzYGrβαuΔtionGtoGrβvβalGthβGpiβzoΔatalytiΔGmβΔhanismeGqromGαisplaΔβmβntGΔurrβntGtoG
aΔtivβGsitβsUG2023SGZYWSGXYYWWb 2

160 lΔhiβvinπGβγγiΔiβntGoxyπβnGrβαuΔtionGonGultraTlowGmβtalTloaαβαGβlβΔtroΔatalystsGΓyGΔonstruΔtinπG
wβllTαispβrsβαGΓimβtalliΔGsitβsGanαGintβrΔonnβΔtβαGporousGΔhannβlsUG2022SGXWSGXbYXbTXbYY[ 0

159 –ailorinπGthβGsβlβΔtivityGanαGaΔtivityGoγGoxyπβnGrβαuΔtionGΓyGrβπulatinπGthβGΔoorαinationG
βnvironmβntsGoγGΔarΓonTsupportβαGatomiΔallyGαispβrsβαGmβtalGsitβsUG2022SGXWSGXbd[cTXbdab 3

158 natalytiΔGpγγβΔtGoγGnarΓonTmasβαGyanomatβrialsGinGplβΔtroΔhβmiΔalGnatalysisUG2022SGcZTXWX 0

157 xoαularGassβmΓlyGoγGxzqTαβrivβαGΔarΓonGnanoγiΓβrsGintoGmaΔroarΔhitβΔturβsGγorGwatβrGtrβatmβntUG
2022SGXZSGdX]dTdXa[ 0

156 sβtβroπβnβousGyTΔoorαinatβαGsinπlβTatomGphotoΔatalystsGanαGβlβΔtroΔatalystsUG2022SG[ZSGY[]ZTY[cZ 2

155 —nαβrstanαinπGthβGrolβGoγGmβtalGsupportβαGonG–izYGinGphotorβγorminπGoγGoxyπβnatβsUG 1

154 ”inπlβâ��atomGΔatalystsGΓasβαGonGqβntonTlikβVpβroxymonosulγatβGsystβmGγorGwatβrGpuriγiΔationeG
αβsiπnGanαGsynthβsisGprinΔiplβSGpβrγormanΔβGrβπulationGanαGΔatalytiΔGmβΔhanismUG2022SGX[SGXZcaXTXZccd 0

153 ”imultanβousGnonTinvasivβGπasGanalysisGinGartiγiΔialGphotosynthβsisGrβaΔtionsGusinπGrotationalG“amanG
spβΔtrosΔopyUG2022SGaSG[ZccT[ZdY 0

152 ‘roπrβssGinGmβtalTorπaniΔTγramβworkTΓasβαGsinπlβTatomGΔatalystsGγorGβnvironmβntalGrβmβαiationUG
2023SG[b[SGYX[c]] 3

151 ättriumTGanαGnβriumTnoαopβαG—ltrathinGxβtalâ��zrπaniΔGqramβworkGyanoshββtGlrraysGγorG
siπhTpγγiΔiβnΔyGplβΔtroΔatalytiΔGzvβrallGWatβrG”plittinπUG2022SGYYSGbYZcTbY[] 6
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150 xovaΓlβGtypβGprintinπGmβthoαGtoGsynthβsizβGhiπhTβntropyGsinπlβTatomGΔatalystsUG2022SGXZSG 5

149 ”ynthβsisGoγGsiπhTwoaαinπG‘tVnGplβΔtroΔatalystsG—sinπGaG”urγaΔtantTlssistβαGxiΔrowavβGoisΔharπβG
xβthoαGγorGzxyπβnG“βαuΔtionG“βaΔtionsUG2022SGX[SG[XWbdT[XWc] 2

148 —ltralowGwoaαinπG“uTxoYnGonGny–GmoostinπGsiπhGouraΓilityGplβΔtroΔatalystGγorGzxyπβnG“βαuΔtionG
“βaΔtionUG2022SGXadSGWda]XY 0

147 ‘romisinπGapproaΔhGγorGprβparinπGmβtalliΔGsinπlβTatomGΔatalystseGβlβΔtroΔhβmiΔalGαβpositionUG 0

146 wayβrβαGαouΓlβGhyαroxiαβGnanomatβrialsGγorGΓiγunΔtionalGz““Vzp“GβlβΔtroTΔatalystUG 1

145 “βΔβntGlαvanΔβsGinGyonT‘rβΔiousGxβtalâ��yitroπβnâ��narΓonG”inπlβT”itβGnatalystsGγorGnzYG
plβΔtrorβαuΔtionG“βaΔtionGtoGnzUG2022SG]SG 2

144 ”inπlβGltomG“uGxonolithiΔGplβΔtroαβGγorGpγγiΔiβntGnhlorinβGpvolutionGanαGyitratβG“βαuΔtionUG2022SG
aXSG 3

143 –hβG‘roπrβssGanαGzutlookGoγGxβtalG”inπlβTltomT”itβGnatalysisUG 3

142 oβsiπninπGoxyπβnTαopβαGqβTyTnGoxyπβnGrβαuΔtionGΔatalystsGγorGprotonTGanαGanionTβxΔhanπβG
mβmΓranβGγuβlGΔβllsUG2022SG 4

141 xzqToβrivβαGmimβtalliΔG‘αâ��noGllkalinβGz““GplβΔtroΔatalystsUG2022SGX[SG[[bZ]T[[b[[ 1

140 moostinπGWastβwatβrGmioβlβΔtriΔityG“βΔovβryGviaG”olvβntGxβαiationGanαGöinΔGqβnΔinπeGoualG
“βπulationGγorGnatalystG”patialG”truΔturβGanαGlΔtivβG”itβsUG2022SGXZdYba 0

139 ”ynthβsisGoγG‘olynorΓornaαiβnβGwithinGthβG‘orβsGoγGlΔtivatβαGnarΓonseGpγγβΔtsGonGpownGanαG
syαroπβnGlαsorptionG‘βrγormanΔβsUG2022SGZcSGXYWY[TXYWZ[ 1

138 ”inπlβGltomG“uGxonolithiΔGplβΔtroαβGγorGpγγiΔiβntGnhlorinβGpvolutionGanαGyitratβG“βαuΔtionUG2022SG
XZ[SG 0

137 plβΔtronGmoαulationGΓyGatomiΔGtrGsitβGαβΔorationGinGporousGnoVyGΔoTαopβαGΔarΓonGγorG
βlβΔtroΔatalytiΔGhyαroπβnGβvolutionUG 0

136 xβtalTorπaniΔGγramβworkTΓasβαGsinπlβTatomGΔatalystsGγorGβγγiΔiβntGβlβΔtroΔatalytiΔGnzYGrβαuΔtionG
rβaΔtionsUG2022SG 2

135 ‘hotoinαuΔβαGloaαinπGoγGβlβΔtronTriΔhGnuGsinπlβGatomsGΓyGmoαβratβGΔoorαinationGγorGhyαroπβnG
βvolutionUG2022SGXZSG 1

134 yonTyoΓlβGxβtalGnatalystsGinGnathoαiΔGzxyπβnG“βαuΔtionG“βaΔtionGoγG‘rotonGpxΔhanπβGxβmΓranβG
quβlGnβllseG“βΔβntGlαvanΔβsUG2022SGXYSGZZZX 1

133 oβΔoratinπGnoyiGllloyTpnΔapsulatβαGnarΓonGyanotuΓβGsollowGyanoΔaπβsGtoGpnaΓlβGoiβlβΔtriΔGwossG
γorGsiπhlyGpγγiΔiβntGxiΔrowavβGlΓsorptionUG2022SG]SGXZXcbTXZXdb 0
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132 pnπinββrinπGxzqTΓasβαGnanoΔatalystsGγorGΓoostinπGβlβΔtroΔatalytiΔGwatβrGsplittinπUG2022SG 0

131 noorαinationGβnπinββrinπGstratβπyGoγGironGsinπlβTatomGΔatalystsGΓoostsGantiTnuOttPGintβrγβrβnΔβG
αβtβΔtionGoγGlsOtttPGwithGaGhiπhGsβnsitivityUG2022SGXZWXYY 1

130 miγunΔtionalGxβsoporousGxzGxGOxGhGnrSGqβSGnoSGyiSGnβPGzxyπβnGplβΔtroΔatalystsGγorG‘latinumGrroupG
xβtalTqrββGzxyπβnG‘umpsUGYYWWdYb 0

129 —ltrathinGnaπβTΓasβαGnovalβntGzrπaniΔGqramβworkGyanoshββtsGasG‘rβΔursorGγorG‘yrolysisTqrββG
zxyπβnGpvolutionG“βaΔtionGplβΔtroΔatalystUG 1

128 siβrarΔhiΔalGporousGΔarΓonGnanoγiΓβrsGβmΓβααβαGwithGultraγinβGyΓYz]GnanoΔrystalsGγorG
polysulγiαβTtrappinπTΔonvβrsionGwiT”GΓattβriβsUG2022SGX[XZWX 0

127 â��”witΔhGtoGlovβSGswitΔhGtoGkillâ��αosβGanαGliπhtGΔoTrβπulatβGironGsinπlβTatomGnanozymβGtoGmoαulatβG
ΔβllGγatβUG2022SGZZSG]W]bWZ 0

126 ”ynβrπyGΓβtwββnGisolatβαGqβGanαGnoGsitβsGaΔΔβlβratβsGoxyπβnGβvolutionUG 1

125 pγγiΔiβntG“βmovalGoγGxiΔropollutantsGΓyGyovβlGnarΓonGxatβrialsG—sinπGyitroπβnT“iΔhGmioTmasβαG
xβtalTzrπaniΔGqramβworkGOxzqsPGasG‘rβΔursorsUG2022SGX[SGZ[XZ 0

124 –hβGΔathoαβGΔatalystsGoγGhyαroπβnGγuβlGΔβlleGqromGlaΓoratoryGtowarαGpraΔtiΔalGappliΔationUG 0

123 xoαulationGoγGtrzGaGnhβmiΔalGpnvironmβntGγorGsiπhlyGpγγiΔiβntGzxyπβnGpvolutionGinGlΔiαUGYYW][d] 0

122 ”mallT”ΔalβGmiπG”ΔiβnΔβeGqromGyanoTGtoGltomiΔallyGoispβrsβαGnatalytiΔGxatβrialsUGYYWWWZa 1

121 ”inπlβTltomiΔGtrGanαGxoGnoTnonγinβαGinGaGnoGwayβrβαGsyαroxiαβGyanoΓoxGxutuallyGmoostGzxyπβnG
pvolutionUGXZ]XZTXZ]YY 0

120 tronG”inπlβGltomsTlssistβαGnoΓaltGyitriαβGyanopartiΔlβsGtoG”trβnπthβnGthβGnyΔlβGwiγβGoγG
“βΔharπβaΓlβGönâ��lirGmattβryUGYYW]YYc 1

119 oualTatomGΔatalystsGγorGoxyπβnGβlβΔtroΔatalysisUG2022SGXW[SGXWbdYb 1

118 noΓaltTniΔkβlGalloysGsupportβαGonG–i[zbGanαGβmΓβααβαGinGySG”GαopβαGΔarΓonGnanoγiΓβrsGasGanG
βγγiΔiβntGanαGstaΓlβGΓiγunΔtionalGΔatalystGγorGönTairGΓattβriβsUG2023SGaZWSGbaZTbbX 0

117 ltomGlβvβlGrβvβlationGoγGthβGsynβrπistiΔGβγγβΔtGΓβtwββnG‘αGanαGluGatomsGinG‘αluGnanoalloyG
ΔatalystGγorGaβroΓiΔGoxiαationGoγG]ThyαroxymβthylγurγuralUG2023SG[]ZSGXZdcXa 0

116 tnTsituGπrowthGoγGnoVönGΓimβtalliΔGxzqGonGrzGsurγaΔβGtoGprβparβGrzGsupportinπGnoknGsinπlβTatomG
ΔatalystGγorGsπWGoxiαationUG2023SGZZZSGXYaXZ] 0

115 xβtalâ��orπaniΔGγramβworkGαβrivβαGsinπlβTatomGΔatalystsGγorGβlβΔtroΔhβmiΔalGnzYGrβαuΔtionUG2022SG
XYSGZY]XcTZY]Y] 2
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114 ”inπlβTatomGnuGΔatalystGinGaGzirΔoniumTΓasβαGmβtalâ��orπaniΔGγramβworkGγorGΓiomassGΔonvβrsionUG
2023SG[][SGX[WX]a 0

113 –ailorinπGoγGlΔtivβG”itβsGγromG”inπlβGtoGoualGltomG”itβsGγorGsiπhlyGpγγiΔiβntGplβΔtroΔatalysisUG 0

112 noΓaltTniΔkβlGΓimβtalGΔarΓonGsphβrβGΔatalystsGγorGβγγiΔiβntGhyαrolysisGoγGsoαiumGΓorohyαriαβeG–hβG
rolβGoγGsynβrπyGanαGΔonγinβGβγγβΔtUG2022SG 0

111 ’uasiTqβTVönTphthaloΔyaninβGpolymβrGαβrivβαGYoGqβTyTnGsinπlβTatomGΔatalystGγorGhiπhlyGβγγiΔiβntG
z““GanαGsYzYGsβnsinπUG2022SG 0

110 ltomizationGαrivβnGΔrystallinβGnanoΔarΓonGΓasβαGsinπlβTatomGΔatalystsGγorGsupβriorGoxyπβnG
βlβΔtrorβαuΔtionUG2022SGXYYXbY 0

109 xzqsGanαGxzqToβrivβαGxatβrialsGγorGlntiΓaΔtβrialGlppliΔationUG2022SGXZSGYX] 1

108 natalytiΔallyGstaΓlβGpotassiumGsinπlβTatomGsoliαGsupβrΓasβsUG 0

107 pxplorationGoγGthβGoxyπβnGtransportGΓβhaviorGinGnonTprβΔiousGmβtalGΔatalystTΓasβαGΔathoαβGΔatalystG
layβrGγorGprotonGβxΔhanπβGmβmΓranβGγuβlGΔβllsUG 1

106 zxyπβnGrβαuΔtionGaΔtivityGoγGaG‘tTy[GsinπlβTatomGΔatalystGprβparβαGΓyGβlβΔtroΔhβmiΔalGαβpositionG
anαGitsGΓioβlβΔtroΔhβmiΔalGappliΔationUG2022SGX[X][Z 0

105 natalytiΔallyGstaΓlβGpotassiumGsinπlβTatomGsoliαGsupβrΓasβsUG 0

104 öβolitiΔGimiαazolatβGγramβworkTab´ αβrivβαGΔoΓaltTΓasβαGΔatalystsGγorGwatβrGsplittinπUG2022SGYaSGXWXYXW 0

103 noorαinationGpnvironmβntGinG”inπlβTltomGnatalystsGγorGsiπhT‘βrγormanΔβGplβΔtroΔatalytiΔGnzGYG
“βαuΔtionUGYYWWYZa 0

102 qinβTtunβαGloΔalGΔoorαinationGβnvironmβntGoγG‘tGsinπlβGatomsGonGΔβriaGΔontrolsGΔatalytiΔGrβaΔtivityUG
2022SGXZSG 3

101 siπhlyGαispβrsβαGironVniΔkβlGαualTsitβsGinGhiβrarΔhiΔalGporousGΔarΓonGmatβrialsGasGhiπhTpβrγormanΔβG
ΓiγunΔtionalGoxyπβnGβlβΔtroΔatalystsGγorGönTairGΓattβriβsUG2022SG 0

100 –uninπGthβGnoorαinationGxiΔroβnvironmβntGoγGnβntralGqβGlΔtivβG”itβGtoGmoostGWatβrGplβΔtrolysisG
anαGzxyπβnG“βαuΔtionGlΔtivityUGYYW]XXX 0

99 lGrβvβrsβGβlβΔtroαialysisGΔβllTmoαiγiβαGphotoΔatalytiΔGγuβlGΔβllGγorGβγγiΔiβntGβlβΔtriΔityGanαGhyαroπβnG
πβnβrationGγromGthβGαβπraαationGoγGrβγraΔtoryGorπaniΔGpollutantsUG2022SGXZW[[Z 0

98 xβtalTorπaniΔGγramβworksTαβrivβαGaαvanΔβαGoxyπβnGβlβΔtroΔatalystsGasGairTΔathoαβsGγorGönTairG
ΓattβriβseG“βΔβntGtrβnαsGanαGγuturβGpβrspβΔtivβsUG 0

97 nuYzknoVyTαopβαGΔarΓonGasGantiΓaΔtβrialGΔatalystsGγorGoxyπβnGrβαuΔtionGinGmiΔroΓialGγuβlGΔβllsUG 0
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96 noSyTαopβαGΔarΓonGshββtsGprβparβαGΓyGaGγaΔilβGmβthoαGasGhiπhTβγγiΔiβnΔyGoxyπβnGrβαuΔtionG
ΔatalystsUG2022SGXYSGZZdcXTZZdcb 0

95 —ltrahiπhGprβssurβTinαuΔβαGmoαiγiΔationGoγGmorpholoπyGanαGpβrγormanΔβGoγGxzqsTαβrivβαGnuknG
βlβΔtroΔatalystsUG 0

94 xβtalâ��orπaniΔGγramβworkTαβrivβαGsinπlβGatomGΔatalystsGγorGβlβΔtroΔatalytiΔGrβαuΔtionGoγGΔarΓonG
αioxiαβGtoGnXGproαuΔtsUG 0

93 lGΔlosβlyGpaΔkβαG‘tXU]yiXâ��xVyiâ��yâ��nGhyΓriαGγorGrβlayGΔatalysisGtowarαsGoxyπβnGrβαuΔtionUG 2

92 “ationalGαβsiπnGoγGΓoronTnitroπβnGΔoorαinatβαGaΔtivβGsitβsGtowarαsGoxyπβnGrβαuΔtionGrβaΔtionGinG
aluminumTairGΓattβriβsGwithGroΓustGintβπratβαGairGΔathoαβUG2023SG]]aSGYZY[ba 0

91 “βprintGoγGeG“βΔβntGstratβπiβsGγorGsynthβsisGoγGmβtallosiliΔatβGzβolitβsUG2023SG[XWSGYTXY 0

90 yitroπβnTαopβαGΔarΓonGγiΓβrsGloaαβαGwithGnoVnoYxnZzcGalloyGnanopartiΔlβsGasGΓiγunΔtionalG
oxyπβnGβlβΔtroΔatalystsGγorGrβΔharπβaΓlβGzinΔTairGΓattβriβsUG2023SGdZaSGXacYXW 0

89 “βΔβntGaαvanΔβsGinGhβtβroπβnβousGsinπlβTatomGnanomatβrialseGqromGβnπinββrβαGmβtalTsupportG
intβraΔtionGtoGappliΔationsGinGsβnsorsUG2023SG[bcSGYX[dba 0

88 siπhTpβrγormanΔβGatomiΔGnoVyGΔoâ��αopβαGporousGΔarΓonGΔatalystsGαβrivβαGγromGnoâ��αopβαG
mβtalâ��orπaniΔGγramβworksGγorGoxyπβnGrβαuΔtionUG2023SGaZ[SGd[WTd[c 0

87 ”tratβπiβsGγorGβnhanΔinπGthβGΔatalytiΔGaΔtivityGanαGβlβΔtroniΔGΔonαuΔtivityGoγGxzqsTΓasβαG
βlβΔtroΔatalystsUG2023SG[bcSGYX[dad 1

86 nonstruΔtinπGyjnuj”GtntβrγaΔβGnhβmiΔalGmonαsGovβrG”n”GYGγorGpγγiΔiβntG”olarTorivβnG
‘hotoβlβΔtroΔhβmiΔalGWatβrG”plittinπUGYYW]bWa 0

85 ”tuαyGoγGthβGmβΔhanismGoγGnitroπβnGαopinπGinGΔarΓonGsupportsGonGpromotinπGβlβΔtroΔatalytiΔG
oxyπβnGrβαuΔtionGrβaΔtionGovβrGplatinumGnanopartiΔlβsUG2022SG]WSGX[YbTX[Za 0

84 noorαinativβlyGunsaturatβαGsinπlβGnoGatomsGimmoΓilizβαGonGnYyGγorGβγγiΔiβntGoxyπβnGrβαuΔtionG
rβaΔtionUG 1

83 oβsiπnGoγG”inπlβTltomGnatalystsGanαG–raΔkinπG–hβirGqatβG—sinπGzpβranαoGanαGlαvanΔβαG°TrayG
”pβΔtrosΔopiΔG–oolsUG 0

82 lΔtivatinπG”inπlβTltomGyiG”itβGviaGqirstT”hβllG”iGxoαulationGmoostsGzxyπβnG“βαuΔtionG“βaΔtionUGYYWaWbX 0

81 mulkGprβparationGoγGγrββTstanαinπGsinπlβTironTatomGΔatalystsGαirβΔtlyGasGthβGairGβlβΔtroαβsGγorG
hiπhTpβrγormanΔβGzinΔTairGΓattβriβsUG 0

80 ‘rβparationGanαGΔharaΔtβrizationGoγGxXTyxTnyGΓasβαGsinπlβGatomGΔatalystsGγorGβnvironmβntalG
appliΔationsUG2022SGXWcW]W 0

79 “ationalGαβsiπnGoγGΔarΓonTΓasβαGβlβΔtroΔatalystsGγorGβnhanΔinπGrβαoxGrβaΔtionsGinGrβΔharπβaΓlβG
mβtalGΓattβriβsUG 1
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78 ltomiΔG“βplaΔβmβntGoγG‘tyiGyanoalloysGwithinGönTötqTcGγorGthβGqaΓriΔationGoγGaGxultisitβGnzYG
“βαuΔtionGplβΔtroΔatalystUG2022SGX[[SGYZYYZTYZYYd 2

77 nouplinπG–ransitionGxβtalGnompounαGwithG”inπlβTltomG”itβGγorGWatβrG”plittinπGplβΔtroΔatalysisUG 0

76 yTαopβαGπraphitiΔGΔarΓonGβnΔapsulatinπGΔoΓaltGnanopartiΔlβsGαβrivβαGγromGnovβlGmβtalâ��orπaniΔG
γramβworksGγorGβlβΔtroΔatalytiΔGoxyπβnGβvolutionGrβaΔtionUG2022SGXWcW]a 0

75 yanozymβsGγromGnuOttPGxβtalâ��zrπaniΔGrβlGanαGxβlaminβGγorGsiπhlyGlΔtivβG‘βroxiαasβTwikβGlΔtivityG
toGoβtβΔtGllkalinβG‘hosphatasβUG 0

74 xβtalâ��orπaniΔGγramβworkTαβrivβαGnoGsinπlβGatomsGanΔhorβαGonGyTαopβαGhiβrarΔhiΔallyGporousG
ΔarΓonGasGaGpsTunivβrsalGz““GβlβΔtroΔatalystGγorGönâ��airGΓattβriβsUG 2

73 zriπinalGβxplorationGoγGtransitionGmβtalGsinπlβTatomGΔatalystsGγorGyzGrβαuΔtionUG 0

72 noGanαGyiGsinπlβGsitβsGonGthβGOXXXPnGsurγaΔβGoγG˛‡TllYzZGâ��GaGpβrioαiΔGΓounαaryGoq–GstuαyUG 0

71 qunΔtionalGxβtalVnarΓonGnompositβsGoβrivβαGγromGxβtalâ��zrπaniΔGqramβworkseGtnsiπhtGintoG
”truΔturβsSG‘ropβrtiβsSG‘βrγormanΔβsSGanαGxβΔhanismsUGXb]dTXbdW 0

70 “βπulatinπGplβΔtroΔhβmistryGvinβtiΔsGanαGoisΔharπβG‘roαuΔtG”βlβΔtivityGwithGyβarTqrββGnoΓaltG
”inπlβTltomGnatalystGinGwiTzYGmattβriβsUG2023SG 1

69 lGâ��‘rβToivisionGxβtalGnlustβrsâ��G”tratβπyGtoGxβαiatβGpγγiΔiβntGoualTlΔtivβG”itβsGz““GnatalystGγorG
—ltralonπG“βΔharπβaΓlβGönTlirGmattβryUG 0

68 lGâ��‘rβToivisionGxβtalGnlustβrsâ��G”tratβπyGtoGxβαiatβGpγγiΔiβntGoualTlΔtivβG”itβsGz““GnatalystGγorG
—ltralonπG“βΔharπβaΓlβGönTlirGmattβryUG 0

67 pmβrπinπGxatβrialsGγorGplβΔtroΔhβmiΔalGnzYG“βαuΔtioneG‘roπrβssGanαGzptimizationG”tratβπiβsGoγG
narΓonTΓasβαG”inπlβTatomGnatalystsUG 2

66 siβrarΔhiΔalG‘orousGnarΓonG”phβrβsGwoaαβαGnozG°GOnozGxGVs‘n”PGγorGpγγiΔiβntGzxyπβnG“βαuΔtionG
“βaΔtionGinGllkalinβGxβαiaUG 0

65 ”urγaΔβGimmoΓilizationGoγGnitroπβnTΔoorαinatβαGironGatomseGaGγaΔilβGanαGβγγiΔiβntGstratβπyGtowarαG
xynGsitβsGwithGsupβriorGΔatalytiΔGaΔtivitiβsUG 1

64 tonTΔhanπβGpromotinπGnoGnanopartiΔlβskyTαopβαGΔarΓonGγramβworkGonGnoGYG”izG[GVrrzGsupportG
γorminπGâ��αouΓlβTtriplβTΓisΔuitâ��GstruΔturβGΓoostsGoxyπβnGβvolutionGrβaΔtionUG 0

63 yanoTnoTβmΓβααβαGΔarΓonGnanoγiΓβrsGγorGoxyπβnGrβαuΔtionGrβaΔtionGinGönTairGΓattβriβsUG2023SGYdaSGXYbYcd 0

62 XoVZoGramΓutanTlikβGxottâ��”ΔhottkyGporousGΔarΓonGpolyhβαronsGγorGβγγiΔiβntGtriTioαiαβGrβαuΔtionG
anαGhyαroπβnGβvolutionGrβaΔtionUG2023SG[]cSGX[XZWX 0

61 pγγiΔiβntGΓiγunΔtionalGZoGporousGnoâ��yâ��nGΔatalystGγromGspβntGwiâ��ionGΓattβriβsGanαGΓiomassGγorG
öinΔâ��lirGΓattβriβsUG2023SGYacSGXXc[ZZ 0
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60 ”inπlβTltomiΔGönVnoTyxG”itβsGmoostG”oliαT”oluΓlβG”ynβrπistiΔGnatalysisGγorGwithiumTzxyπβnG
mattβriβsUG2023SGX]SGX[ZYTX[[X 0

59 “βΔβntGaαvanΔβmβntsGonGsinπlβTatomGΔatalystsUG2022SG 0

58 pnπinββrinπGpnβrπyGwβvβlGoγGqβyG[G”itβsGviaGoualTltomG”itβGnonstruΔtionG–owarαGpγγiΔiβntGzxyπβnG
“βαuΔtionUGYYW]YcZ 0

57 ZoGtntβrΔonnβΔtβαGsonβyΔomΓTwikβGxultiγunΔtionalGnatalystGγorGönâ��lirGmattβriβsUG2023SGX]SG 0

56 no”YVyTαopβαGΔarΓonGnanotuΓβsGhollowGpolyhβαronGαβrivβαGγromGΔorβTshβllGötqTckötqTabGγorG
βγγiΔiβntGhyαroπβnGβvolutionGrβaΔtionUG2022SG 0

55 oispβrsβαGΔoΓaltGβmΓβααβαGnitroπβnTriΔhGΔarΓonGγramβworkGaΔtivatβsGpβroxymonosulγatβGγorG
ΔarΓamazβpinβGαβπraαationeGnoΓaltGlβaΔhinπGrβstriΔtionGanαGmβΔhanismGinvβstiπationUG2023SGXZcWYa 0

54 ”inπlβTatomGΔatalystsGγorGβlβΔtroΔhβmiΔalGyYGrβαuΔtionGtoGysZUG 0

53 oβsiπnGanαG‘βrγormanΔβGpnhanΔβmβntGoγGnoΓaltTpnΔapsulatβαGyitroπβnToopβαGnarΓonGyanoγiΓβrG
plβΔtroΔatalystGthrouπhGtoniΔGwiquiαGxoαiγiΔationGγorGpγγiΔiβntGzxyπβnG“βαuΔtionUG2023SGaSGXdb]TXdc[ 0

52 siπhTαispβrsβαGruthβniumGsitβsGonGΔoppβrGphosphiαβVπraphβnβGγorGβlβΔtroΔatalytiΔGhyαroπβnG
βvolutionGinGaΔiαiΔGanαGalkalinβGΔonαitionsUG2023SGZYaSGXYY[WY 0

51 plβΔtronGtransγβrGanαGsurγaΔβGaΔtivityGoγGyino‘TwrappβαGx°βnβeGΔathoαiΔGΔatalystsGγorGthβGoxyπβnG
rβαuΔtionGrβaΔtionUG 0

50 ötqTαrivβαGyTαopβαGΔarΓonGsupportβαGnoSGyiTΔoαopβαGluGnanopartiΔlβGΔatalystGasGβγγiΔiβntGanoαβG
ΔatalystGγorGΓorohyαriαβGβlβΔtrooxiαationGrβaΔtionUG2023SGYdSGX][ZTX]]X 0

49 tnTsituGπrowthGoγGΔarΓonGnanotuΓβsGγorGimprovinπGthβGpβrγormanΔβGoγGnoTyVnGΔatalystsGinGprotonG
βxΔhanπβGmβmΓranβGγuβlGΔβllUG2023SG[aXSGX[YW][ 0

48 ”ynthβsβsGanαGappliΔationsGoγGsinπlβTatomGΔatalystsGγorGβlβΔtroΔhβmiΔalGβnβrπyGΔonvβrsionG
rβaΔtionsUG2023SG[bSGZYTaa 0

47 xzqTαβrivβαGyTαopβαGΔarΓonGnanostiΔksGΔouplβαGwithGqβGphthaloΔyaninβsGγorGβγγiΔiβntGoxyπβnG
rβαuΔtionUG2023SG[a[SGX[Yaac 0

46 xβtalTorπaniΔGγramβworksGΓasβαGsinπlβTatomGΔatalystsGγorGaαvanΔβαGγuβlGΔβllsGanαGrβΔharπβaΓlβG
ΓattβriβsUG2023SGcWSG]WXT]Z[ 0

45 siπhGthrouπhputGsΔrββninπGoγGsinπlβGatomiΔGΔatalystsGwithGoptimizβαGloΔalGstruΔturβsGγorGthβG
βlβΔtroΔhβmiΔalGoxyπβnGrβαuΔtionGΓyGmaΔhinβGlβarninπUG2023SGcXSGZ[dTZ]b 0

44 ”mallTsizβGxzqGαβrivβαGhiπhlyGaΔtivβGlowTplatinumGΔatalystsGγorGoxyπβnGrβαuΔtionGrβaΔtionsUG2023SG
ZYYSGXYZcdd 0

43 ltomiΔGαβγβΔtsGβnπinββrinπGonGqβTy[GsitβsGγorGΓoostinπGoxyπβnGrβαuΔtionGΓyGinTsituGönzGthβrmalG
βtΔhinπGstratβπyUG2023SG[a]SGX[YcYW 0
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42
noyiGnanoΔrystalGanΔhorinπGonGxzqGαβrivβαGΔarΓonGskβlβtonGautoΔatalytiΔGπrowthGyTαopβαGΔarΓonG
nanotuΓβsGγorGβγγiΔiβntGΓiγunΔtionalGβlβΔtroΔatalystGtowarαsGmβthanolGoxiαationVoxyπβnGrβαuΔtionUG
2023SGd]YSGXbWWbd

0

41 ”inπlβTatomGphotoΔatalystsGγorGvariousGappliΔationsGinGβnβrπyGΔonvβrsionGanαGβnvironmβntalG
rβmβαiationeGlGrβviβwUG2023SG]]ZSGXYX]Xb 0

40 oualTatomGnoTqβGΔatalystsGγorGoxyπβnGrβαuΔtionGrβaΔtionUG2023SG[aSG[cT]] 0

39 plβΔtroΔatalytiΔGnzYGΔonvβrsionGonGmβtalTorπaniΔGγramβworksGαβrivativβGβlβΔtroΔatalystsUG2023SGadSGXWY[XY 0

38 xainTrroupGsGTmloΔkGplβmβntGwithiumGltomsGwithinGnarΓonGqramβworksGasGsiπhTlΔtivβG”itβsGγorG
plβΔtroΔatalytiΔG“βαuΔtionG“βaΔtionsUG 0

37 ‘yriαinβGyGoγGyVnoTΔoTαopβαGπraphitβGπasGαiγγusionGβlβΔtroαβGγaΔilitatinπGthβGβγγiΔiβntGproαuΔtionG
oγGhyαroxylGraαiΔalsGinGthβGβlβΔtroTpβroxonβGproΔβssUG2023SGXXSGXWd]a[ 0

36 WβllTαβγinβαGqβVnuGαiatomiΔGΔatalystsGγorGΓoostβαGpβroxymonosulγatβGaΔtivationGtoGαβπraαβG
orπaniΔGΔontaminantsUG2023SGZXaSGXYZcYb 0

35 xβtalTorπaniΔGγramβworkGαβrivβαGqβyiGalloyGnanopartiΔlβsGβmΓβααβαGinGyTαopβαGporousGΔarΓonGasG
hiπhTpβrγormanΔβGΓiγunΔtionalGairTΔathoαβGΔatalystsGγorGrβΔharπβaΓlβGzinΔTairGΓattβryUG2023SGa[XSGYa]TYba 0

34 pγγiΔiβntGsynβrπistiΔGβγγβΔtGoγGtrimβtalliΔGorπaniΔGγramβworksGαβrivβαGasGΓiγunΔtionalGΔatalysisGγorG
thβGrβΔharπβaΓlβGzinΔTairGγlowGΓattβryUG2023SGYW]SG[YYT[Z[ 0

33 ltomiΔallyGprβΔisβGβlβΔtroΔatalystsGγorGoxyπβnGrβαuΔtionGrβaΔtionUG2023SGdSGYcWTZ[Y 1

32 narΓonTnonjuπatβαGnoGnomplβxβsGasGxoαβlGplβΔtroΔatalystsGγorGzxyπβnG“βαuΔtionG“βaΔtionUG2023SG
XZSGZZW 0

31 siπhlyGlΔtivβG‘orousGnarΓonT”upportβαGnoyiGmimβtalliΔGnatalystsGγorGqourTplβΔtronG“βαuΔtionGoγG
zxyπβnUG2023SGZbSG[WYaT[WZb 0

30 nα”GsupportβαGonGötqTabTαβrivβαGnoTyTnGasGβγγiΔiβntGnanoGpolyhβαronGphotoΔatalystsGγorGvisiΓlβG
liπhtGinαuΔβαGhyαroπβnGproαuΔtionUG2023SGaaZSGXZXWcd 0

29 narΓonTsupportβαGnonTnoΓlβGmβtalGsinπlβTatomGΔatalystsGγorGβlβΔtroTΔatalytiΔGhyαroπβnGβvolutionG
rβaΔtionUG2023SG 0

28 “βalTtimβGtunaΓlβGhyαroπβnGπβnβrationGγromGhyαrolysisGoγGΓorohyαriαβsGusinπGZoGmaπnβtiΔG
ΔatalystsUG2023SGXWSGXcbaTXcca 0

27 ltomiΔallyGoispβrsβαGnoTyVnGnatalystGγorGoivβrπβntG”ynthβsisGoγGyitroπβnTnontaininπGnompounαsG
γromGllkβnβsUG 0

26 xutualG”βlγT“βπulationGoγGαTplβΔtronsGoγG”inπlβGltomsGanαGlαjaΔβntGyanopartiΔlβsGγorGmiγunΔtionalG
zxyπβnGplβΔtroΔatalysisGanαG“βΔharπβaΓlβGöinΔTlirGmattβriβsUG2023SGX]SG 1

25 oualGlΔtivβG”itβsGoγGzvβrsaturatβαGqβTyG]GanαGqβGYGzGZGyanopartiΔlβsGγorGlΔΔβlβratinπG“βαoxG
vinβtiΔsGoγG‘olysulγiαβsUGYZWWYdZ 0
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24 ‘αGβnΔapsulatβαGΔorβTshβllGötqTcVötqTabGγorGβγγiΔiβntGoxyπβnGβvolutionGrβaΔtionUG2023SG[[bSGX[YXWW 0

23 “βΔβntGaαvanΔβsGinGΔarΓonTsupportβαGnonTprβΔiousGmβtalGsinπlβTatomGΔatalystsGγorGβnβrπyG
ΔonvβrsionGβlβΔtroΔatalysisUG2023SGYSGYWYYWW]d 0

22 “βΔβntGaαvanΔβsGinGthβGrβπulationGoγGthβGΔoorαinationGstruΔturβsGanαGβnvironmβntGoγGsinπlβTatomG
ΔatalystsGγorGΔarΓonGαioxiαβGrβαuΔtionGrβaΔtionUG2023SGXXSGbd[dTbdca 0

21 oirβΔtGzΓsβrvationGoγG–ransitionGxβtalGtonsGpvolvinπGintoG”inπlβGltomseGqormationGanαG
–ransγormationGoγGyanopartiΔlβGtntβrmβαiatβsUGYYWaXaa 0

20 wiπanαTΓasβαGmoαulationGoγGthβGβlβΔtroniΔGstruΔturβGatGmβtalGnoαβsGinGxzqsGtoGpromotβGthβG
oxyπβnGβvolutionGrβaΔtionUG2023SGXXSGbYZdTbY[] 0

19 ‘orousGnarΓonTmasβαG”βnsorsGanαG–hβirGlppliΔationsUG2023SGZcXT[W[ 0

18 siπhlyGαuraΓlβGγuβlGΔβllGβlβΔtroΔatalystGwithGlowTloaαinπG‘tTnoGnanopartiΔlβsGαispβrsβαGovβrG
sinπlβTatomG‘tTnoTyTπraphβnβGnanoγiΓβrUG2023SGZSGXWW][X 0

17 ”inπlβTatomGmatβrialsGγorGγooαGsaγβtyUG2023SG 0

16 xarriaπβGoγG—ltralowG‘latinumGanαG”inπlβTltomGxny[GxoiβtyGγorGluπmβntβαGz““GanαGsp“G
natalysisUG2023SGXZSG[WXYT[WYW 0

15 siπhlyGlΔtivβSG—ltraTwowGwoaαinπG”inπlβTltomGtronGnatalystsGγorGnatalytiΔG–ransγβrGsyαroπβnationUG 0

14 rluΔosβGzxiαasβTlikβG“hoαiumG”inπlβTltomGyanozymβseGlGximiΔG‘latγormGγorGmiomβtaΓolismGanαG
plβΔtromβtaΓolismGoγGrluΔosβGzxiαationGatGyβutralGpsUG2023SGcSGXadbTXbW[ 0

13 moostinπG”βlβΔtivβGzxiαationGoγGpthylβnβGtoGpthylβnβGrlyΔolGlssistβαGΓyGtnGsituGrβnβratβαGsGYGzGYG
γromGzGYGplβΔtrorβαuΔtionUG 0

12 moostinπG”βlβΔtivβGzxiαationGoγGpthylβnβGtoGpthylβnβGrlyΔolGlssistβαGΓyGtnGsituGrβnβratβαGsGYGzGYG
γromGzGYGplβΔtrorβαuΔtionUG 0

11 qaΓriΔationGstratβπiβsGoγGmβtalâ��orπaniΔGγramβworksGαβrivativβsGγorGΔatalytiΔGaquβousGpollutantsG
βliminationUG2023SG[aZSGX[Y[aa 0

10 siβrarΔhiΔalGporousGyolkâ��shβllGnoTyTnGnanoΔatalystsGβnΔaπβαGinπraphβnβGnanopoΔkβtsGγorG
hiπhTpβrγormanΔβGönTairGΓattβryUG 0

9 ltomiΔallyGoispβrsβαGyiyxG”itβGwithGsiπhGzxyπβnGplβΔtroΔatalysisG‘βrγormanΔβGqaΔilβlyG‘roαuΔβαG
viaGaG”urγaΔβGtmmoΓilizationG”tratβπyUG2023SGX]SGXacWdTXacXb 0

8 ltomiΔGαβsiπnGoγGΔarΓonTΓasβαGαualTmβtalGsitβGΔatalystsGγorGβnβrπyGappliΔationsUG 1

7 plβΔtrospunGqlβxiΓlβGyanoγiΓrβsGγorGmattβriβseGoβsiπnGanαGlppliΔationUG2023SGaSG 0
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6 tnsiπhtsGintoGthβGzxyπβnGpvolutionG“βaΔtionGonGrraphβnβTmasβαG”inπlβTltomGnatalystsGγromG
qirstT‘rinΔiplβsTtnγormβαGxiΔrokinβtiΔGxoαβlinπUG2023SGXZSG]YY]T]YZ] 0

5 tntβrγaΔialGassβmΓlyGoγGΓinaryGatomiΔGmβtalTyxGsitβsGγorGhiπhTpβrγormanΔβGβnβrπyGαβviΔβsUG2023SGX[SG 0

4 tnTsituGoΓsβrvationGoγGstruΔturalGβvolutionGoγGsinπlβTatomGΔatalystseGqromGsynthβsisGtoGΔatalysisUG
2023SG 0

3 “βvβalinπGltomiΔGnonγiπurationGanαG”ynβrπistiΔGtntβraΔtionGoγG”inπlβTltomTmasβαGönTnoTqβG
–rimβtalliΔG”itβsGγorGpnhanΔinπGzxyπβnG“βαuΔtionGanαGpvolutionG“βaΔtionsUG 0

2 xβtalâ��orπaniΔGγramβworksGinGαiaπnostiΔsSGthβrapβutiΔsSGanαGothβrGΓiomβαiΔalGappliΔationsUG 0

1 –woToimβnsionalGnovalβntGqramβworkGoβrivβαGyonprβΔiousG–ransitionGxβtalG”inπlβTltomiΔT”itβG
plβΔtroΔatalystGtowarαGsiπhTpγγiΔiβnΔyGzxyπβnG“βαuΔtionUG2023SGYZSGZcWZTZcWd 0
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