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₂βfun₃tβonalGm−talTfr−−G−l−₃tro₃atalystUG2021SG_[SG]cYT_WW 0
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444 zorousGffirapαβtβ₃G₃ar₂onGfromGmanffiost−−nGp−−lGasG−ffβ₃β−ntG−l−₃tro₃atalystGβnGmβ₃ro₂βalGfu−lG₃−llsUG
2021SGa_[SGX[YcXb 9

443 kGmassTpro₄u₃β₂l−Gβnt−ffiratβv−Gstru₃tur−GztGalloyGoxyffi−nGr−₄u₃tβonG₃atalystGsyntα−sβz−₄GwβtαG
atomβ₃allyG₄βsp−rsβv−Gm−talTorffianβ₃Gfram−worδGpr−₃ursorsUG2021SG]bZSGZ]XTZ_X 5

442 sntrβnsβ₃Gprop−rtyGan₄G₃atalytβ₃Gp−rforman₃−GofGsβnffil−Gan₄G₄ou₂l−Gm−talGatomsGβn₃orporat−₄GffiTmZx[G
forGyYGa₃tβvatβondGkGnp“GβnsβffiαtUG2021SG][XSGX[b_aX 5

441 om−rffiβnffiG₃ar₂onGnanostru₃tur−sGβnG−l−₃tro₃α−mβ₃alGpro₃−ss−sUG2021SGZ]ZTZbb 3

440 ol−₃trospβnnβnffiGasGaGrout−GtoGa₄van₃−₄G₃ar₂onGfβ₂r−Gmat−rβalsGforGs−l−₃t−₄GlowTt−mp−ratur−G
−l−₃tro₃α−mβ₃alG₄−vβ₃−sdGkGr−vβ−wUG2021SG]cSG[cYT]Yc 14

439 lr−aδβnffiGzlatβnumGxanopartβ₃l−sGtoGSβnffil−Tktomβ₃GztTmGmoT₃atalystsGforGonαan₃−₄G
SolarTtoTry₄roffi−nGmonv−rsβonUG2021SG_WSGY][XTY][a 22

438 °spTbj°spT_aâ��₄−rβv−₄G°nmoYy[jnβtroffi−nâ��₄op−₄G₃ar₂onV₃ar₂onGnanotu₂−sGwrapp−₄G₂yGaG₃ar₂onG
lay−rdGaGsta₂l−Goxyffi−nGr−₄u₃tβonG₃atalystGwβtαGaG₃omp−tβtβv−Gstr−nffitαGβnGa₃β₄Gm−₄βaUG2021SGXcSGXWW]a[ 4

437 Sβmultan−ousGr−movalGofGpyrβ₄βn−Gan₄G₄−nβtrβfβ₃atβonGβnGanGβnt−ffirat−₄G₂βo−l−₃troTpαoto₃atalytβ₃G
syst−mGutβlβzβnffiGxT₄op−₄Gffirapα−n−V˛–Tp−YyZGmo₄βfβ−₄Gpαotoano₄−UG2021SGZ__SGXZa[Y] 8

436 ”n₄−rstan₄βnffiGtα−GS−l−₃tβvβtyGofGtα−Gyxyffi−nGR−₄u₃tβonGR−a₃tβonGatGtα−Gktomβstβ₃Gv−v−lGonG
xβtroffi−nTnop−₄Gqrapαβtβ₃Gmar₂onGwat−rβalsUG2021SGXXSGYWWY[]c 25

435 xSSTmoTnop−₄GzorousGmar₂onGxanofβ₂−rGpβlmsGn−rβv−₄GfromGpull−r−n−sGOmGPGasGoffβ₃β−ntG
ol−₃tro₃atalystsGforGyxyffi−nGR−₄u₃tβonGan₄GaG°nTkβrGlatt−ryUG2021SGYaSGX[YZTX[Yc 8

434 —−llT₄βsp−rs−₄Gultrafβn−Gmop−GnanoalloyG₄−₃orat−₄GxT₄op−₄GαollowG₃ar₂onGmβ₃rospα−r−sGforG
r−₃αarffi−a₂l−Vfl−xβ₂l−G°nTaβrG₂att−rβ−sUG2021SG[WaSGXYac_X 24

433 nrβffiαlyGxVyG₃oT₄op−₄G₃ar₂onGnanospα−r−sGforGsymm−trβ₃Gsup−r₃apa₃βtorsGapplβ₃atβonGwβtαGαβffiαG
sp−₃βfβ₃G−n−rffiyUG2021SGZZSGXWYX]Y 7

432 Sp−ntGvβTsonGlatt−ryGqrapαβt−G“urn−₄GsntoG–alua₂l−Gan₄Gk₃tβv−GmatalystGforGol−₃tro₃α−mβ₃alGyxyffi−nG
R−₄u₃tβonUG2021SGX[SGXXWZTXXXX 9

431 k₃tβv−Gpr−₃ursorTβn₄u₃−₄GαβffiαT₃ont−ntGffirapαβtβ₃TxT₄op−₄Gffirapα−n−Goxβ₄−GforGtα−G−l−₃tro₃atalytβ₃G
₄−ffira₄atβonGofGpara₃−tamolUG2021SG][YSGX[ba]Z 2

430 kssβffinβnffiG zSGf−atur−sGβnGlSxT₄op−₄Gffirapα−n−dGβnputGfromGquantumG₃α−mβ₃alG₃al₃ulatβonsUG2021SG
YZSGX]]bTX]_] 5

429 lr−aδβnffiGzlatβnumGxanopartβ₃l−sGtoGSβnffil−Tktomβ₃GztTm[GmoT₃atalystsGforGonαan₃−₄G
SolarTtoTry₄roffi−nGmonv−rsβonUG2021SGXZZSGY]aXTY]aa 3

428 “woTst−pGpyrolytβ₃G−nffiβn−−rβnffiGtoGformGporousGnβtroffi−nTrβ₃αG₃ar₂onsGwβtαGaGZnGn−tworδGstru₃tur−G
forG°nTaβrG₂att−ryGoxyffi−nGr−₄u₃tβonG−l−₃tro₃atalysβsUG2021SG[_SGYXXaTYXYa 6

427 xβZp−GnanoalloysG−m₂−₄₄−₄GβnGxT₄op−₄G₃ar₂onG₄−rβv−₄GfromG₄ualTm−talG°spdGoffβ₃β−ntG₂βfun₃tβonalG
−l−₃tro₃atalystGforG°nTaβrG₂att−ryUG2021SGXa[SG[a]T[bZ 14
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426 moralTlβδ−Gnβtroffi−nG₄op−₄G₃ar₂onG₄−rβv−₄GfromGpolyanβlβn−Tsβlβ₃onGnβtrβ₄−Gαy₂rβ₄GforGαβffiαlyGa₃tβv−G
oxyffi−nGr−₄u₃tβonG−l−₃tro₃atalysβsUG2021SGXSG−YWWWWXW

425 °nyjxβGfoamGpαoto−l−₃tro₄−Gmo₄βfβ−₄GwβtαGα−t−roatomG₄op−₄Gffirapαβtβ₃G₃ar₂onGforG−nαan₃−₄G
pαoto−l−₃tro₃α−mβ₃alGwat−rGsplβttβnffiGun₄−rGsolarGlβffiαtUG2021SG[_SGYWa]TYWb] 2

424 R−₃−ntGproffir−ssGβnGtα−G₄−v−lopm−ntGofG₂βomassT₄−rβv−₄Gnβtroffi−nT₄op−₄GporousG₃ar₂onUG2021SGcSGZaWZTZaYb 69

423 wassGpro₄u₃tβonGofGαβffiαTp−rforman₃−Gsβnffil−Gatomβ₃Gp−xmG−l−₃tro₃atalystsGvβaGs−qu−n₃−₄Gultrasonβ₃G
atomβzatβonGan₄GpyrolysβsGpro₃−ssUG2021SG_[SG_ZXT_[X 7

422 lβomassT₄−rβv−₄Gnβtroffi−nGs−lfT₄op−₄GporousGa₃tβvatβonG₃ar₂onGasGanG−ff−₃tβv−G₂βfun₃tβonalG
−l−₃tro₃atalystsUG2021SGZYSGcYTcb 9

421 snt−rfa₃−Gonffiβn−−rβnffiGofGmoSVmoyjxTnop−₄Gqrapα−n−Gxano₃omposβt−GforGrβffiαTz−rforman₃−G
R−₃αarffi−a₂l−G°nTkβrGlatt−rβ−sUG2020SGXZSGZ 34

420 pa₂rβ₃atβnffiGmoâ��xâ��mG₃atalystsG₂as−₄GonG°spT_aGforGoxyffi−nGr−₄u₃tβonGr−a₃tβonGβnGalδalβn−G−l−₃trolyt−UG
2021SGYc[SGXYXabb 7

419 kGfa₃βl−Gsyntα−sβsGofGnβtroffi−nT₄op−₄G₂am₂ooTsαap−₄G₃ar₂onGnanotu₂−sG₂yG₃atalytβ₃G₄−₃omposβtβonG
ofGYTamβnopyrβmβ₄βn−Gov−rGp−jwffiyG₃atalystGtαrouffiαG₃α−mβ₃alGvaporG₄−posβtβonGm−tαo₄UG2021SGa]SG]cXT]cb

418 R−₃−ntGa₄van₃−sGan₄Gp−rsp−₃tβv−GonGα−t−roffi−n−ousG₃atalysβsGusβnffiGm−talsGan₄Goxβ₄−Gnano₃rystalsUG
2021SG]SGX]XTYYY 7

417 xanostru₃tur−₄Gtu₂ularG₃ar₂onGmat−rβalsG₄op−₄GwβtαG₃o₂altGasG−l−₃tro₃atalystGforG−ffβ₃β−ntGoxyffi−nG
r−₄u₃tβonGr−a₃tβonUG2021SG]_SGbX[ZTbX]b 2

416 mocSbGxanopartβ₃l−sGforGry₄roffi−nGovolutβonUG2021SG[SGXaa_TXab] 8

415 xβtroγ−nGuatδ˜–l˜–Gqraf−nGpβlmGS−nt−zβGv−Guaraδt−rβzasyonuUG

414 monv−rsβonGofGmyYGβntoG₃y₃lβ₃G₃ar₂onat−G₃atalyz−₄G₂yGanGxT₄op−₄Gm−soporousG₃ar₂onG₃atalystUG
2021SG_SGXcXXTXcXc

413 xβtroffi−nGan₄GpαospαorusG₃oT₄op−₄GultratαβnG₃ar₂onGnanosα−−tsGasGsup−rβorG₃atαo₄−G₃atalystsGforG
°nâ��aβrG₂att−rβ−sUG2021SG]SGY[]bTY[_b 4

412 zwyXYj°spTbV°nyT₄−rβv−₄Gαβ−rar₃αβ₃alGporousGmoly₂₄−numG₃ar₂β₄−GasG−ffβ₃β−ntG−l−₃tro₃atalystsG
forGαy₄roffi−nG−volutβonUG2021SG[]SGc[]_Tc[_X 3

411 R−₃−ntGa₄van₃−sGβnGm−talTfr−−Gα−t−roatomT₄op−₄G₃ar₂onGα−t−roffionousG₃atalystsUUG2021SGXXSGYZaY]TYZaab 3

410 n−sβffinSGpa₂rβ₃atβonSGan₄Gw−₃αanβsmGofGxβtroffi−nTnop−₄Gqrapα−n−Tlas−₄Gzαoto₃atalystUG2021SGZZSG−YWWZ]YX 114

409 RαGpartβ₃l−sGβnGxT₄op−₄GporousG₃ar₂onGmat−rβalsG₄−rβv−₄GfromG°spTbGasGanG−ffβ₃β−ntG₂βfun₃tβonalG
−l−₃tro₃atalystGforGtα−GyRRGan₄GroRUUG2021SGXXSGXZcW_TXZcXX 4
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408 lβomassT₄−rβv−₄Gfun₃tβonalG₃ar₂onGnanomat−rβalsGforGtα−G₄−v−lopm−ntGofGfuturβstβ₃G−n−rffiyG₄−vβ₃−sUG
2021SGZXaTZ[X 0

407 xanoporousGnβtroffi−nT₄op−₄Gffirapαβtβ₃G₃ar₂onGαollowGspα−r−sGwβtαG−nαan₃−₄G−l−₃tro₃α−mβ₃alG
prop−rtβ−sUG 0

406 mar₂o₃atalytβ₃GozonatβonGtowar₄Ga₄van₃−₄Gwat−rGpurβfβ₃atβonUG2021SGcSGXbcc[TXcWY[ 7

405 kGnβtroffi−nGan₄GsulfurG₃oT₄op−₄GβronT₂as−₄G−l−₃tro₃atalystG₄−rβv−₄GfromGβronGan₄G₂βomassGlβffian₄G
towar₄sGtα−Goxyffi−nGr−₄u₃tβonGr−a₃tβonGβnGalδalβn−Gm−₄βaUG2021SG]WSGXZc[ZTXZc]W 0

404 sonβ₃Glβquβ₄sGasGpr−₃ursorsGforGp−TxG₄op−₄G₃ar₂onGnanotu₂−G−l−₃tro₃atalystsGforGtα−Goxyffi−nG
r−₄u₃tβonGr−a₃tβonUG2021SGXZSGX]bW[TX]bXX 4

403 r−t−roatomT₄op−₄G₃ar₂onT₂as−₄Goxyffi−nGr−₄u₃tβonG−l−₃tro₃atalystsGwβtαGtaβlor−₄GfourT−l−₃tronGan₄G
twoT−l−₃tronGs−l−₃tβvβtyUG2021SG]aSGaZ]WTaZ_X 6

402 off−₃tGofGs−₃on₄aryGα−t−roatomGOSSGzPGβnGxT₄op−₄Gr−₄u₃−₄Gffirapα−n−Goxβ₄−G₃atalystsGtoGoxyffi−nG
r−₄u₃tβonGr−a₃tβonUG2021SG]WYSGXXXZaY 4

401 yn−Tst−pGsyntα−sβsGofG₃ar₂onT−n₃apsulat−₄Gnβ₃δ−lGpαospαβ₄−Gnanopartβ₃l−sGwβtαG−ffβ₃β−ntG
₂βfun₃tβonalG₃atalysβsGonGoxyffi−nG−volutβonGan₄Gr−₄u₃tβonUG2021SG[_SGb]XcTb]ZW 10

400 ron−y₃om₂Tlβδ−GS−lfTSupport−₄Gmoâ��xâ��mGmatalystsGwβtαGanG”ltrasta₂l−GStru₃tur−dGrβffiαlyGoffβ₃β−ntG
ol−₃tro₃atalystsGtowar₄Gyxyffi−nGR−₄u₃tβonGR−a₃tβonGβnGklδalβn−Gan₄Gk₃β₄β₃GSolutβonsUG2021SG[SGY]YYTY]ZW 4

399 u−lpT₄−rβv−₄GxT₄op−₄G₂βo₃αarGa₃tβvat−₄Gp−roxymonosulfat−GforGofloxa₃βnG₄−ffira₄atβonUG2021SGa][SGX[Xccc 21

398 knGultraT₄βsp−rsβv−SGnonpr−₃βousGm−talGwypâ��p−°nG₃atalystGwβtαGffioo₄Goxyffi−nGr−₄u₃tβonGa₃tβvβtyGan₄G
favora₂l−Gsta₂βlβtyGβnGa₃β₄UG2021SG]_SGb_WWTb_XY 2

397 moVxT₄op−₄G₃ar₂onGnanotu₂−GarraysGffirownGonGYnGwypsT₄−rβv−₄GmatrβxGforG₂oostβnffiGtα−Goxyffi−nG
r−₄u₃tβonGr−a₃tβonGβnGalδalβn−Gan₄Ga₃β₄β₃Gm−₄βaUG2021SGZYSGbX_TbYX 19

396 knGov−rvβ−wGofGnonTno₂l−Gm−talG−l−₃tro₃atalystsGan₄Gtα−βrGasso₃βat−₄GaβrG₃atαo₄−sGforGwffiTaβrG
₂att−rβ−sUG2021SGXSGXWWWWY 4

395 lβomassT₄−rβv−₄Gqrapα−n−Tlβδ−GmatalystGwat−rβalGforGyxyffi−nGR−₄u₃tβonGR−a₃tβonUG2021SGaSGZWaTZXZ 7

394 w−talTfr−−Gnβtroffi−nT₄op−₄Gffirapα−nβ₃Gmat−rβalsGasG₃atαo₄−G₃atalystsGforGtα−Goxyffi−nGr−₄u₃tβonG
r−a₃tβonGβnGpolym−rG−l−₃trolyt−Gm−m₂ran−Gfu−lG₃−llsUG2021SG]XSGaYaTaZb 1

393 off−₃tsGofGnβtroffi−nT₃ontaβnβnffiGfun₃tβonalGffiroupsGofGr−₄u₃−₄Gffirapα−n−Goxβ₄−GasGaGsupportGforGz₄GβnG
s−l−₃tβv−Gαy₄roffi−natβonGofG₃βnnamal₄−αy₄−UG2021SG[aSGX[YcTX[[_ 0

392 Syn−rffiβ−sGofGp−GSβnffil−GktomsGan₄Gmlust−rsGonGxTnop−₄Gmar₂onGol−₃tro₃atalystGforGprT”nβv−rsalG
yxyffi−nGR−₄u₃tβonUUG2021SG]SG−YWWXX_] 24

391 R−₃−ntGtr−n₄sGβnGxβtroffi−nG₄op−₄Gpolym−rG₃omposβt−sdGaGr−vβ−wUG2021SGYbSGX 2
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390 offβ₃β−ntG—at−rGSplβttβnffiGSyst−mGona₂l−₄G₂yGwultβfun₃tβonalGzlatβnumTpr−−Gol−₃tro₃atalystsUG2021SG
ZXSGYWWcb]Z 14

389 no₃δβnffiGwypG₃rystalsGonGffirapα−n−GsupportGforGαβffiαlyGs−l−₃tβv−G−l−₃tro₃atalytβ₃Gp−roxβ₄−G
pro₄u₃tβonUG2021SGXTb 2

388 rβffiαlyGxβtroffi−nTnop−₄Gmar₂onGxanotu₂−GxanoarraysGasGS−lfTsupport−₄Glβfun₃tβonalG
ol−₃tro₃atalystsGforGR−₃αarffi−a₂l−Gan₄Gpl−xβ₂l−G°βn₃TkβrGlatt−rβ−sUG2021SGcSG[[cbT[]Wb 11

387 ry₄rotα−rmalTsn₄u₃−₄GpormatβonGofG—−llTn−fβn−₄GrollowGmar₂onsGwβtαGmurvatur−Tk₃tβvat−₄GxTmG
Sβt−sGforG°nTkβrGlatt−rβ−sUG2021SGYaSG_Y[aT_Y]Z 0

386 °nT₄op−₄Gmap−yZGp−rovsδβt−T₄−rβv−₄GαβffiαGp−rform−₄G₃atalystGonGoxyffi−nGr−₄u₃tβonGr−a₃tβonGβnG
mβ₃ro₂βalGfu−lG₃−llsUG2021SG[bcSGYYc[cb 11

385 off−₃tGofGpun₃tβonalβzatβonGofGR−₄u₃−₄Gqrapα−n−Gyxβ₄−GmoatβnffisGwβtαGxβtroffi−nGan₄GSulfurGqroupsG
onG“α−βrGkntβTmorrosβonGzrop−rtβ−sUG2021SGX[SG 3

384 nopβnffiGofGffirapα−n−GwβtαGpoly−tαyl−nβmβn−Gan₄GβtsG−ff−₃tsGonGffirapα−n−T₂as−₄Gsup−r₃apa₃βtorsUG
2021SGXYcSGWc[cW[ 0

383 Sup−rβorGsta₂βlβtyGan₄Gm−tαanolGtol−ran₃−GofGaGm−talTfr−−Gnβtroffi−nT₄op−₄Gαβ−rar₃αβ₃alGporousG
₃ar₂onG−l−₃tro₃atalystG₄−rβv−₄GfromGt−xtβl−Gwast−UG2021SGXXSGXbZ[TXb[_ 3

382 yptβmβzatβonGofGa₃tβv−Gsβt−sG₂yGsulfurβzatβonGofGtα−G₃or−â��sα−llG°spG_aj°spGbGforGrapβ₄Goxyffi−nG
r−₄u₃tβonGδβn−tβ₃sGβnGa₃β₄β₃Gm−₄βaUG2021SG[_SGXWaZcTXWa[b 9

381 “α−Gpr−paratβonGan₄Gus−GofG˛‡Tffirapα₄βyn−SGaGsup−r₂Gn−wGpαoto−l−₃tro₃atalystUG2021SGZ_SGZW[TZYX 1

380 Sβlβ₃onG₃ar₂β₄−T₄−rβv−₄G₃ar₂onG−l−₃tro₃atalystsG₄ualG₄op−₄GwβtαGnβtroffi−nGan₄GpαospαorusGforGtα−G
oxyffi−nGr−₄u₃tβonGr−a₃tβonGβnGanGalδalβn−Gm−₄βumUG2021SGXY]SGXW_ca_ 11

379 k₃tβvat−₄G₂βo₃αarG₄−rβv−₄GfromGp−anutGsα−llsGasGtα−G−l−₃tro₄−Gmat−rβalsGwβtαG−x₃−ll−ntG
p−rforman₃−GβnG°βn₃TaβrG₂att−ryGan₄Gsup−r₃apa₃βtan₃−UG2021SGXY]SGY]aTY_a 6

378 xβtroffi−nTmoor₄βnat−₄GmoSjxmGYolδTSα−llGzolyα−₄ronsGmatalystsGn−rβv−₄GfromGaGw−talTyrffianβ₃G
pram−worδGforGaGrβffiαlyGR−v−rsβ₂l−GvβTyGlatt−ryUG2021SGXZSGXa_]bTXa__a 13

377 ”ltraG₄βsp−rs−₄GmoGsupport−₄GonGnβtroffi−nT₄op−₄G₃ar₂ondGknG−ffβ₃β−ntG−l−₃tro₃atalystGforGoxyffi−nG
r−₄u₃tβonGr−a₃tβonGan₄G°nTaβrG₂att−ryUG2021SGYZ[SGXX_[[Y 7

376 off−₃tGofGyut−rGmar₂onGvay−rG“αβ₃δn−ssGofGmar₂onT₃ov−r−₄GxT₄op−₄GrollowGmar₂onGxanospα−r−sG
onGstsGol−₃tro₃atalytβ₃Gz−rforman₃−UG2021SGZ_SGX__TXaZ 0

375 rβffiαlyGa₃tβv−Gsβt−sGofGztVorG₄βsp−rs−₄GxT₄op−₄Gαβ−rar₃αβ₃alGporousG₃ar₂onGforGtrβfun₃tβonalG
−l−₃tro₃atalystUG2021SG[WcSGXYbYW] 59

374 ox₃βt−₄G−l−₃tronG₄ynamβ₃sGβnGtα−Gβnt−rfa₃−GofGYrTX“Gα−t−roTpαas−sGofGmonolay−rGwoSYdG
tβm−T₄−p−n₄−ntG₄−nsβtyGfun₃tβonalGtα−oryGstu₄yUG2021SGabSGXYWZTXYWa

373 Sβmultan−ousGfa₂rβ₃atβonGofG₃o₂altT₂as−₄Gffirapα−n−GwβtαGrβ₃αGxG₄opantGforGαy₄roffi−nG−volutβonG
r−a₃tβonGβnG₂asβ₃Gm−₄βumUG2021SG[]SGX[WXWTX[WYW 0
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372 yxyffi−nGR−₄u₃tβonGR−a₃tβonGonGxTnop−₄Gqrapα−n−dGoff−₃tGofGzosβtβonsGan₄GS₃alβnffiGR−latβonsGofG
k₄sorptβonGon−rffiβ−sUG2021SGXY]SGb]]XTb]_X 2

371 R−vβ−wâ��murr−ntGzroffir−ssGofGxonTzr−₃βousGw−talGforGyRRGlas−₄Gol−₃tro₃atalystsG”s−₄GforGpu−lG
m−llsUG2021SGX_bSGW[[]YX 3

370 zyrβ₄βnβ₃T“yp−GxTnop−₄Gqrapα−n−GonGmo₂altGSu₂strat−GasGoffβ₃β−ntGol−₃tro₃atalystGforGyxyffi−nG
R−₄u₃tβonGR−a₃tβonGβnGk₃β₄β₃GSolutβonGβnGpu−lGm−llUG2021SGXYSGZ]]YTZ]]c 11

369
yn−Gst−pG−l−₃tro₃α−mβ₃alG−xfolβatβonGofGnaturalGffirapαβt−Gflaδ−sGβntoGffirapα−n−Goxβ₄−GforG
poly₂−nzβmβ₄azol−G₃omposβt−Gm−m₂ran−sGffiβvβnffiG−nαan₃−₄Gp−rforman₃−GβnGαβffiαGt−mp−ratur−Gfu−lG
₃−llsUG2021SG[cXSGYYc]]W

10

368 “α−or−tβ₃alGsnsβffiαtsGβntoGonαan₃−₄Gol−₃tro₃atalytβ₃Gk₃tβvβtyGofGyxyffi−nGR−₄u₃tβonGR−a₃tβonsGonG
xVSTmo₄op−₄Gqrapα−n−G|uantumGnotsUG2021SGXY]SGca[aTca]] 5

367 muTwypG₄−rβv−₄GmuVmuYyVmGnano₃omposβt−sGforGtα−G−ffβ₃β−ntGtα−rmalG₄−₃omposβtβonGofG
ammonβumGp−r₃αlorat−UG2021SGYcaSGXYYW_W 16

366 sonTsn₄u₃−₄GpormatβonGofGrβ−rar₃αβ₃alGzorousGxβtroffi−nTnop−₄Gmar₂onGwat−rβalsGwβtαGonαan₃−₄G
yxyffi−nGR−₄u₃tβonUG2021SGXZSGZXXYTZXXb 0

365 R−₃−ntGzroffir−ssGofGol−₃tro₃α−mβ₃alGzro₄u₃tβonGofGry₄roffi−nGz−roxβ₄−G₂yG“woTol−₃tronGyxyffi−nG
R−₄u₃tβonGR−a₃tβonUG2021SGbSG−YXWWWa_ 38

364 snsβ₄−ToutG₄ualT₄opβnffiG−ff−₃tsGonGtu₂ularG₃atalystsdGStru₃turalGan₄G₃α−mβ₃alGvarβatβonGforGa₄van₃−₄G
oxyffi−nGr−₄u₃tβonGp−rforman₃−UG2022SGX]SGZ_X 1

363 yptβmβzβnffiGSurfa₃−GxTnopβnffiGofGp−TxTmGmatalystsGn−rβv−₄GfromGp−Vw−lamβn−Tn−₃orat−₄Gzolyanβlβn−G
forGyxyffi−nGR−₄u₃tβonGol−₃tro₃atalysβsUG2021SGbSGYXWWXca 3

362 l−yon₄Gxβtroffi−nGβnGtα−Gyxyffi−nGR−₄u₃tβonGR−a₃tβonGonGxβtroffi−nTnop−₄Gmar₂onsdGkGxo kpSG
snv−stβffiatβonUG2021SGXXSG 3

361 lβm−tallβ₃G°spsG₄−rβv−₄Gnβtroffi−nT₄op−₄GαollowG₃ar₂onGwβtαG₃ar₂onGnanotu₂−G₂rβ₄ffi−sGasGaGsup−rβorG
oxyffi−nGr−₄u₃tβonGr−a₃tβonG−l−₃tro₃atalystUG2021SGcaSG[__T[a] 5

360 montroll−₄GSyntα−sβsGofGzorousGrollowGp−â��xVmGxanosα−llsGasGrβffiαTz−rforman₃−Gyxyffi−nGR−₄u₃tβonG
R−a₃tβonGol−₃tro₃atalystsGforG°nâ��kβrGlatt−ryUG2021SGcSGYXWWX[Y 1

359 ol−₃tronβ₃allyG₃oupl−₄Glay−r−₄G₄ou₂l−Gαy₄roxβ₄−Vw −n−GquantumG₄otGm−tallβ₃Gαy₂rβ₄sGforG
αβffiαTp−rforman₃−Gfl−xβ₂l−Gzβn₃â��aβrG₂att−rβ−sUG2021SGZSGXXZ[ 22

358 o₃oTprβ−n₄lyGxβtroffi−nTnop−₄Gqrapα−n−Gzr−paratβonGan₄Gn−sβffinGforGtα−Gyxyffi−nGR−₄u₃tβonG
R−a₃tβonUG2021SGY_SG 2

357
Syntα−sβsGofGr−t−roatomGOlSGxSGan₄GyPTnop−₄Gmar₂onsGvβaGmαlorβnatβonGofGaGmar₂onβtrβ₄−â��lorβ₄−G
wβxtur−dGsnflu−n₃−GofGloronGk₄₄βtβonGonGStru₃tur−Gan₄Gol−₃tro₃α−mβ₃alGzrop−rtβ−sGofGmar₂onUG2021SG
XY]SGXZb]WTXZb_X

0

356 offβ₃β−ntGyRRGa₃tβvβtyGofGxT₄op−₄GporousG₃ar₂onG−n₃apsulat−₄G₃o₂altG−l−₃tro₃atalystG₄−rβv−₄GfromG
aGnov−lG₂βm−talTorffianβ₃Gfram−worδUG2021SGXZbSGXXXYZa 7

355 mα−mβ₃alG–aporGn−posβtβonGforGxVSTnop−₄GSβnffil−Gp−GSβt−GmatalystsGforGtα−Gyxyffi−nGR−₄u₃tβonGβnG
nβr−₃tGw−tαanolGpu−lGm−llsUG2021SGXXSGa[]WTa[]c 37
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354 onαan₃βnffiGtα−Gyxβ₄as−Tlβδ−Gz−rforman₃−sGofGmoxwnZTxy[Gxanopartβ₃l−sG₂yG“unβnffiGtα−GwnGmont−ntG
an₄Gn−₃oratβnffiGR−₄u₃−₄Gqrapα−n−Gyxβ₄−UG2021SGYWYXSGY[b_TY[cY 0

353 onαan₃−₄Goxyffi−nGr−₄u₃tβonGp−rforman₃−GofGnβtroffi−nGan₄GsulfurGmoT₄op−₄Gffirapα−n−Goxβ₄−G₂yG
βmmo₂βlβz−₄Gβonβ₃Glβquβ₄UG2021SGYZ_SGXX_][[ 5

352 off−₃tsGofGsurfa₃−Gfun₃tβonalGffiroupsGofG₃oalTtarTpβt₃αT₄−rβv−₄GnanoporousG₃ar₂onGano₄−sGonG
mβ₃ro₂βalGfu−lG₃−llGp−rforman₃−UG2021SGXaXSGbaTc[ 4

351 z−talTlβδ−GxSGyT₃o₄op−₄G₃ar₂onGnanosα−−tsGasGwottâ��S₃αottδyGnanor−a₃torsGβnG−l−₃tro₄−sGofG°nTkβrG
₂att−rβ−sGan₄Gsup−r₃apa₃βtorsUG2021SGXabSG]bXT]cZ 10

350 Sulfat−GsonsGsn₄u₃−₄Gmon₃av−GzorousGSTxGmoTnop−₄Gmar₂onGmonfβn−₄Gp−mGxano₃lust−rsGwβtαGp−TxG
Sβt−sGforGoffβ₃β−ntGyxyffi−nGR−₄u₃tβonGβnGklδalβn−Gan₄Gk₃β₄Gw−₄βaUG2021SGXaSG−YXWXWWX 13

349 p−xβTfun₃tβonalβz−₄GZnGxSGzG₄op−₄Gffirapα−n−GfoamGasGaGno₂l−Gm−talTfr−−G₂βfun₃tβonalG
−l−₃tro₃atalystGforG₄βr−₃tGm−tαanolGfu−lG₃−llsUG2021SGb_aSGX]baZY 12

348 rollowGαβ−rar₃αβ₃alGzβn₃G₃o₂altGsulfβ₄−sG₄−rβv−₄GfromG₂βm−tallβ₃Torffianβ₃Tfram−worδGasGaG
nonTpr−₃βousG−l−₃tro₃atalystGforGoxyffi−nGr−₄u₃tβonGr−a₃tβonUG2021SG]WcSGXXX_X[ 3

347 moV—mjxmG−l−₃tro₃atalystsG₄−rβv−₄GfromGpolyoxom−talat−sGOzywPGforG−ffβ₃β−ntGαy₄roffi−nG
−volutβonUG2021SGZYSG 3

346 k₄van₃−sGβnG°−olβt−Gsmβ₄azolat−Gpram−worδsGO°spsPGn−rβv−₄Glβfun₃tβonalGyxyffi−nGol−₃tro₃atalystsG
an₄G“α−βrGkpplβ₃atβonGβnG°βn₃â��kβrGlatt−rβ−sUG2021SGXXSGYXWW]X[ 24

345 Sup−rTass−m₂l−₄G₃ar₂onGnanofβ₂−rsG₄−₃orat−₄GwβtαG₄ualG₃atalytβ₃allyGa₃tβv−Gsβt−sGasG₂βfun₃tβonalG
oxyffi−nG₃atalystsGforGr−₃αarffi−a₂l−G°nTaβrG₂att−rβ−sUG2021SGYWSGXWW_bY 4

344 zr−paratβonGan₄Gapplβ₃atβonGofGmaffin−tβ₃G₃αβtosanGβnG−nvβronm−ntalGr−m−₄βatβonGan₄Gotα−rGfβ−l₄sdGkG
r−vβ−wUG2021SGXZbSG]XY[X 5

343 nualGsnorffianβ₃GSa₃rβfβ₃βalG“−mplat−GSyntα−sβsGofGrβ−rar₃αβ₃allyGzorousGmar₂onGwβtαGSp−₃βfβ₃GxGSβt−sG
forGoffβ₃β−ntGyxyffi−nGR−₄u₃tβonUG2021SGXZSGYbX[WTYbX[c 1

342 kGnp“Gstu₄yGofGffirapα−n−Tp−xxGOx´ g´ [SGZSGYSGXPG₃atalystsGforGa₃−tyl−n−Gαy₄ro₃αlorβnatβonUG2021SG_XbSGXY_[c] 1

341 mapa₃βtβv−G₄−βonβzatβonGan₄Gm−tαylGoranffi−Gr−movalGofGαol−yGffirapα−n−Gαy₄roffi−lsUG2021SG_XbSGXY_[_Z 4

340 R−₃−ntGproffir−ssGβnG₃o₂altT₂as−₄G₃ar₂onGmat−rβalsGasGoxyffi−nG−l−₃tro₃atalystsGforGzβn₃TaβrG₂att−ryG
applβ₃atβonsUG2021SGYWSGXWW_]c 16

339 rβ−rar₃αβ₃allyGkss−m₂l−₄Gmo₂altGyxynβtrβ₄−Gxanoro₄sGan₄GxTnop−₄Gmar₂onGxanofβ₂−rsGforGoffβ₃β−ntG
lβfun₃tβonalGyxyffi−nGol−₃tro₃atalysβsGwβtαGox₃−ptβonalGR−ffi−n−ratβv−Goffβ₃β−n₃yUG2021SG 15

338 rβffiαlyTa₃tβv−SGm−talTfr−−SG₃ar₂onT₂as−₄GyRRG₃atαo₄−GforG−ffβ₃β−ntGorffianβ₃sGr−movalGan₄G−l−₃trβ₃βtyG
ffi−n−ratβonGβnGaGzpmGsyst−mUG2021SGZYSGYYXYTYYX_ 18

337
zlasmaTkssβst−₄GSyntα−sβsGofGn−f−₃tTRβ₃αGyGan₄GxGmo₄op−₄Gmar₂onGxanofβ₂−rsGvoa₄−₄GwβtαG
wanffian−s−Gyxβ₄−sGasGanGoffβ₃β−ntGyxyffi−nGR−₄u₃tβonGol−₃tro₃atalystGforGklumβnumTkβrGlatt−rβ−sUG
2021SGXZSGZaXYZTZaXZY

3
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336 srβ₄βumTnop−₄GxTRβ₃αGw−soporousGmar₂onGol−₃tro₃atalystGwβtαGSyntα−tβ₃Gwa₃ro₃y₃l−sGasGmar₂onG
Sour₃−GforGry₄roffi−nGovolutβonGR−a₃tβonUG2021SGZXSGYXW]]_Y 6

335 R−₃−ntGk₄van₃−sGonGr−t−roatomTnop−₄GzorousGmar₂onVw−talGwat−rβalsdGpas₃βnatβnffiG
r−t−roffi−n−ousGmatalystsGforGyrffianβ₃G“ransformatβonsUG2021SGYXSGXcb]TYWaZ 7

334 k₂GβnβtβoGstu₄yGofGffirapαβtβ₃TxGan₄Gpyrβ₄βnβ₃TxG₄op−₄Gffirapα−n−GforG₃atalytβ₃Goxyffi−nGr−₄u₃tβonG
r−a₃tβonsUG2021SGXYWXSGXXZYcY 3

333 sonβ₃Glβquβ₄T₄−rβv−₄Gp−SGxSGSSGpGmultβpl−Gα−t−roatomT₄op−₄G₃ar₂onGmat−rβalsGforG−nαan₃−₄Goxyffi−nG
r−₄u₃tβonGr−a₃tβonUG2021SGZYSG 2

332 xβtroffi−nT−nrβ₃α−₄G₃ar₂onGpow₄−rGpr−par−₄G₂yG₂allTmβllβnffiGofGffirapα−n−Goxβ₄−GwβtαGm−lamβn−dGanG
−ffβ₃β−ntG−l−₃tro₃atalystGforGoxyffi−nGr−₄u₃tβonGr−a₃tβonUG2021SGZXSG]YcT]ZX 0

331 snflu−n₃−GofG₄opβnffiGl−v−lGonGtα−G−l−₃tro₃atalytβ₃Gprop−rtβ−sGforGoxyffi−nGr−₄u₃tβonGr−a₃tβonGofG
xT₄op−₄Gr−₄u₃−₄Gffirapα−n−Goxβ₄−UG2021SG[_SGY_W[WTY_W]Y 4

330 kGstru₃tur−₄G₃atalystGsupportG₃om₂βnβnffiG−l−₃tro₃α−mβ₃allyG−xfolβat−₄Gffirapα−n−Goxβ₄−Gan₄G₃ar₂onG
₂la₃δGforG−nαan₃−₄Gp−rforman₃−Gan₄G₄ura₂βlβtyGβnGlowTt−mp−ratur−Gαy₄roffi−nGfu−lG₃−llsUG2021SGYY_SGXYWZXb 9

329 onffiβn−−rβnffiGmar₂onGwat−rβalsGforGol−₃tro₃α−mβ₃alGyxyffi−nGR−₄u₃tβonGR−a₃tβonsUG2021SGXXSGYXWW_c] 13

328 k₂TsnβtβoGSp−₃tros₃opβ₃Gmαara₃t−rβzatβonGofGw−l−mTlas−₄Gqrapαβtβ₃Gmar₂onGxβtrβ₄−GzolymorpαsUG
2021SGXXSG 4

327 wnyxGan₃αor−₄GonGxGan₄GyG₃oT₄op−₄G₃ar₂onGnanotu₂−sG−n₃apsulat−₄GwβtαGp−moGalloyGasGαβffiαlyG
−ffβ₃β−ntG₂βfun₃tβonalG−l−₃tro₃atalystGforGr−₃αarffi−a₂l−G°βn₃â��kβrG₂att−rβ−sUG2021SGbc]SGXX]]XZ 5

326 xβtroffi−nG₄opβnffiG₄−rβv−₄G₂rβ₄ffiβnffiGofGffirapα−n−Gan₄G₃ar₂onGnanotu₂−G₃omposβt−GforGoxyffi−nG
−l−₃tror−₄u₃tβonUG 0

325 moVxT₄op−₄G₃ar₂onGnanotu₂−sTffiraft−₄GporousG₃ar₂onGsα−−tsGar₃αβt−₃tur−GasG−ffβ₃β−ntG
−l−₃tro₃atalystGforGoxyffi−nGr−₄u₃tβonGr−a₃tβonUG2021SGbaXSGX]c]__ 9

324 rβffiαlyG₄βsp−rs−₄GwnyGnanopartβ₃l−sGsupport−₄GonGxT₄op−₄GrqyGasGanG−ffβ₃β−ntGoxyffi−nGr−₄u₃tβonG
−l−₃tro₃atalystGvβaGαβffiαTt−mp−ratur−GpyrolysβsUG2021SG[_SGYbWXXTYbWYW 1

323 kGαβ−rar₃αβ₃alGar₃αβt−₃tur−GofGp−VmoVxβT₄op−₄G₃ar₂onGnanotu₂−sVnanospα−r−sGffiraft−₄GonGffirapα−n−G
asGa₄van₃−₄G₂βfun₃tβonalG−l−₃tro₃atalystGforG°nTkβrG₂att−rβ−sUG2021SGbaZSGX]cbZZ 5

322 zαospαat−Tkssβst−₄Gnβsp−rsβonGofGsronGzαospαβ₄−GβnGmar₂onGxanosα−−tsGtowar₄sGoffβ₃β−ntGan₄G
nura₂l−GyRRGmatalystsGβnGk₃β₄β₃Gan₄Gklδalβn−Gw−₄βaUG2021SGXZSG[[ZX 1

321 nopβnffiG−nffiβn−−rβnffiGonG₃ar₂onsGasG−l−₃tro₃atalystsGforGoxyffi−nGr−₄u₃tβonGr−a₃tβonUG2021SGXSGbWaTbWa 1

320 k₃tβvat−₄Gqrapα−n−Gxanoplat−l−tsGn−₃orat−₄GwβtαGmar₂onGxβtrβ₄−sGforGoffβ₃β−ntGol−₃tro₃atalytβ₃G
yxyffi−nGR−₄u₃tβonGR−a₃tβonUGYXWWXW[ 2

319 —oo₄Gan₄Glla₃δGvβquorTlas−₄GxTnop−₄Gk₃tβvat−₄Gmar₂onGforGon−rffiyGkpplβ₃atβonUG2021SGXZSGcYZa 1
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318 smprov−₄Gtα−Gsp−₃βfβ₃βtyGofGp−roxβ₄as−Tlβδ−G₃ar₂onβz−₄Gpoly₄opamβn−Gnanotu₂−sGwβtαGαβffiαGnβtroffi−nG
₄opβnffiGforGffilutatαβon−G₄−t−₃tβonUG2021SGZ[XSGXYccba 2

317 monstru₃tβnffiGqrapαβtβ₃Txβtroffi−nTlon₄−₄Gz−ntaffionsGβnGsnt−rlay−rToxpan₄−₄Gqrapα−n−GwatrβxG
towar₄Gmar₂onTlas−₄Gol−₃tro₃atalystsGforGk₃β₄β₃Gyxyffi−nGR−₄u₃tβonGR−a₃tβonUG2021SGZZSG−YXWZXZZ 8

316 snGsβtuGffirowβnffiGxGan₄GyG₃oT₄op−₄Gα−lβ₃alG₃ar₂onGnanotu₂−sG−n₃apsulat−₄GwβtαGmop−GalloyGasG
trβTfun₃tβonalG−l−₃tro₃atalystGapplβ−₄GβnG°nâ��kβrGlatt−rβ−sG₄rβvβnffiG—at−rGSplβttβnffiUG2021SGZbbSGXZb]ba 7

315 xSzTmo₄op−₄Gqrapα₄βyn−GasGoffβ₃β−ntGw−talTfr−−GmatalystsGforGyxyffi−nGR−₄u₃tβonGR−a₃tβonUGX 4

314 zr−paratβonGofGxT“βyYVRqyGnano₃omposβt−sGtαrouffiαGsolTffi−lGm−tαo₄UG2021SGZbSGXcXZTXcYY 0

313 Sup−rTnβsp−rs−₄Gp−TxGSβt−sGom₂−₄₄−₄GβntoGzorousGqrapαβtβ₃Gmar₂onGforGyRRdGSβz−SGmomposβtβonG
an₄Gk₃tβvβtyGmontrolUG2021SGXXSG 0

312 kGR−vβ−wGonGoxp−rβm−ntalGs₄−ntβfβ₃atβonGofGk₃tβv−GSβt−sGβnGwo₄−lGlβfun₃tβonalGol−₃tro₃atalytβ₃G
Syst−msGforGyxyffi−nGR−₄u₃tβonGan₄GovolutβonGR−a₃tβonsUG2021SGbSGZ[ZZTZ[]_ 4

311 k₄van₃−₄Gonffiβn−−rβnffiGforGmatαo₄−GβnGvβtαβumâ��yxyffi−nGlatt−rβ−sdGpl−xβ₂l−GZnGrβ−rar₃αβ₃alGzorousG
kr₃αβt−₃tur−Gn−sβffinGan₄GstsGpun₃tβonalGwo₄βfβ₃atβonUGYXW]__[ 3

310 n−nsβtyGfun₃tβonalGtα−oryGstu₄yGofGa₃tβv−Gsβt−sGonGnβtroffi−nT₄op−₄Gffirapα−n−GforGoxyffi−nGr−₄u₃tβonG
r−a₃tβonUG2021SGbSGYXWYaY 3

309 snv−stβffiatβonGonGol−₃tronG“ransf−rGzro₃−ssGofGyxyffi−nGR−₄u₃tβonGR−a₃tβonsGmatalyz−₄G₂yG
xβtroffi−nT₄op−₄Gqrapαβtβ₃Gmar₂onGβnGk₃β₄β₃Gan₄Gklδalβn−Gw−₄βaUG2021SGX_bSGWc_]Wb 1

308 “−mplat−Tassβst−₄Gpolym−rβzatβonTpyrolysβsG₄−rβv−₄Gm−soporousG₃ar₂onGan₃αor−₄GwβtαGp−Vp−ZmG
an₄Gp−â��x Gsp−₃β−sGasG−ffβ₃β−ntGoxyffi−nGr−₄u₃tβonG₃atalystsGforG°nTaβrG₂att−ryUG2021SG[_SGZabc]TZabc] 1

307 off−₃tGofGzyrolysβsGmon₄βtβonsGonGtα−Gz−rforman₃−GofGmoâ��nop−₄Gwypâ��n−rβv−₄Gmar₂onGmatalystsGforG
yxyffi−nGR−₄u₃tβonGR−a₃tβonUG2021SGXXSGXX_Z 2

306 q−om−trβ₃Gmo₄−lGofGZnG₃urv−₄Gffirapα−n−GwβtαG₃α−mβ₃alG₄opantsUG2021SGXbYSGYYZTYZY 3

305 R−s−ar₃αGproffir−ssGofG₃ar₂onGnanofβ₂−rT₂as−₄Gpr−₃βousTm−talTfr−−Goxyffi−nGr−a₃tβonG₃atalystsG
syntα−sβz−₄G₂yG−l−₃trospβnnβnffiGforG°nTkβrG₂att−rβ−sUG2021SG]WaSGYZWYbW 7

304 ktomβ₃allyG₄βsp−rs−₄GmoGatomsGβnGnβtroffi−nT₄op−₄G₃ar₂onGa−roffi−lGforG−ffβ₃β−ntGan₄G₄ura₂l−Goxyffi−nG
r−₄u₃tβonGr−a₃tβonUG2021SG[_SGZ_bZ_TZ_bZ_ 1

303 mor−Tsα−llG₃atalystGwβtαGsyn−rffiβstβ₃Gαy₄roxylGan₄Gnβtroffi−nGa₃tβv−Gsβt−sGforGmyYG₃y₃loa₄₄βtβonUG2021SG
cSGXW_[]Y 0

302 zlasmaTonffiβn−−r−₄Gyrffianβ₃Gny−sGasGoffβ₃β−ntGzolysulfβ₄−Tw−₄βatβnffiGvay−rsGforGrβffiαGz−rforman₃−G
vβtαβumTSulfurGlatt−rβ−sUG2021SGXZY_ac 1

301 smportan₃−GofGnopβnffiGS−qu−n₃−GβnGwultβpl−Gr−t−roatomTnop−₄GR−₄u₃−₄Gqrapα−n−Gyxβ₄−GasG
offβ₃β−ntGyxyffi−nGR−₄u₃tβonGR−a₃tβonGol−₃tro₃atalystsUG2021SGYSGY_aTYaa
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300 xβtroffi−nT₄op−₄Gffirapα−n−G₂as−₄Gtrβ₂o−l−₃trβ₃Gnanoffi−n−ratorsUG2021SGbaSGXW_XaZ 11

299 sronGan₄G₂oronT₄op−₄G₃ar₂onβz−₄Gz−olβtβ₃Gβmβ₄azolat−Gfram−worδsGasG−ffβ₃β−ntGoxyffi−nGr−₄u₃tβonG
−l−₃tro₃atalystsGforGklTkβrG₂att−rβ−sUG2021SG 2

298 zr−paratβonGofGwo₄βfβ−₄Gpluoroffirapα−n−Gyxβ₄−GwβtαGsnt−rlay−rGSupportβnffiGStru₃tur−UG2021SGXZSG

297 p−VmoTvoa₄−₄GrollowGmar₂onGSpα−r−Gxano₃omposβt−sGasGox₃−ll−ntGmatαo₄β₃GmatalystsGofG°nTkβrG
latt−ryUG2021SGX_bSGWcW]XY 1

296 “aβlorβnffiGa₃tβv−Gsβt−sGofGβronTnβtroffi−nT₃ar₂onG₃atalystsGforGoxyffi−nGr−₄u₃tβonGβnGalδalβn−G
−nvβronm−ntdGoff−₃tGofGnβtroffi−nT₂as−₄Gorffianβ₃Gpr−₃ursorGan₄GpyrolysβsGatmospα−r−UG2021SGZcXSGXZbbcc 4

295 vas−rTsrra₄βat−₄Grol−yGqrapα−n−TSupport−₄GSβnffil−TktomGmatalystGtowar₄sGry₄roffi−nGovolutβonGan₄G
yxyffi−nGR−₄u₃tβonUG2021SGXXSGYXWX_Xc 14

294 onffiβn−−rβnffiGztGxanopartβ₃l−sGontoGR−sβnTn−rβv−₄GsronGan₄Gxβtroffi−nGmoTnop−₄GzorousGmar₂onG
xanostru₃tur−GloostsGyxyffi−nGR−₄u₃tβonGmatalysβsUG 0

293 x−wGβnsβffiαtGofGtaβlorTma₄−Gffirapα−n−Goxβ₄−GforGtα−GformatβonGofGatomβ₃GmoTxGsβt−sGtowar₄Gαy₄roffi−nG
−volutβonGr−a₃tβonUG2021SG]_ZSGX]WY][ 6

292 qrapα−n−Tr−βnfor₃−₄Gm−talTorffianβ₃Gfram−worδsG₄−rβv−₄G₃o₂altGsulfβ₄−V₃ar₂onGnano₃omposβt−sGasG
−ffβ₃β−ntGmultβfun₃tβonalG−l−₃tro₃atalystsUGX 6

291 ol−₃trospunG₃o₂altGzrussβanG₂lu−Ganaloffiu−T₄−rβv−₄Gnanofβ₂−rsGforGoxyffi−nGr−₄u₃tβonGr−a₃tβonGan₄G
lβtαβumTβonG₂att−rβ−sUG2021SG]ccSGYbWTYcW 5

290 Sβnffil−Tpr−₃ursorG₄−sβffinGan₄Gsolv−ntTfr−−Gnano₃astβnffiGsyntα−sβsGofGxVSVyT₄op−₄Gor₄−r−₄G
m−soporousG₃ar₂onsGwβtαGtrβmo₄alGpor−sGforG−x₃−ll−ntGoxyffi−nGr−₄u₃tβonUG2021SGXbZSGZcWT[WZ 5

289 rollowGan₄GzorousGp−ZmTxmGxano₂alloonsGxanozym−sGforGman₃−rGm−llGrYyYGn−t−₃tβonUG2021SGZ[aSGXZW]ca 3

288 S−lfTass−m₂lyGstrat−ffiyGforGmoVxT₄op−₄Gm−soVmβ₃roporousG₃ar₂onGtowar₄Gsup−rβorGoxyffi−nG
r−₄u₃tβonG₃atalystsUG2021SG_YcSGXYaZc] 1

287 R−movalGan₄Gsurfa₃−Gpαoto₃atalytβ₃G₄−ffira₄atβonGofGm−tαyl−n−G₂lu−GonG₃ar₂onGnanostru₃tur−sUG
2021SGXXcSGXWb][[ 5

286 RatβonalG₃onstru₃tβonGofGkujmoYxWU_aGnano₄otsTβnt−rsp−rs−₄GZnGβnt−r₃onn−₃t−₄GxTffirapα−n−G
αollowGspα−r−Gn−tworδGforG−ffβ₃β−ntGwat−rGsplβttβnffiGan₄G°nTaβrG₂att−ryUG2021SGbcSGXW_[YW 5

285 p−ZmVmop−Yy[Gnanopartβ₃l−sGwrapp−₄GβnGon−T₄βm−nsβonalGwsvT]ZOp−PT₄−rβv−₄G₃ar₂onGnanofβ₂−rsGasG
−ffβ₃β−ntG₄ualTfun₃tβonGoxyffi−nG₃atalystsUG2021SG[Y[SGXZW[_W 6

284 moyVmoVxTmGnanopartβ₃l−sG−m₂−₄₄−₄GβnG₃ar₂onGasGm−₄βat−GforGoxyffi−nGr−₄u₃tβonG−l−₃tro₃atalystsUG
2021SGbb]SGX_XXa[ 4

283 ol−₃tro₃atalytβ₃Gffi−n−ratβonGofGαy₄roffi−nGp−roxβ₄−GonG₃o₂altGnanopartβ₃l−sG−m₂−₄₄−₄GβnG
nβtroffi−nT₄op−₄G₃ar₂onUG2021SG[YSGYYc_TYZW] 2
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282 smprov−₄G−l−₃tro₃atalytβ₃Ga₃tβvβtyGofGα−xaffionalGprβsmsGp−Zy[G₄−rβv−₄GfromGm−talTorffianβ₃G
fram−worδG₂yG₃ov−rβnffiG₄−n₄rβtβ₃Tsαap−₄G₃ar₂onGlay−rGβnGvβâ��yYG₂att−ryUG2021SGYY_SGXWcZ][ 2

281 nβm−nsβonalG−nffiβn−−rβnffiGofG₃ar₂onG₄otsG₄−rβv−₄GsulfurGan₄Gnβtroffi−nG₃oT₄op−₄G₃ar₂onGasG−ffβ₃β−ntG
oxyffi−nGr−₄u₃tβonGr−a₃tβonG−l−₃tro₃atalystsGforGalumβnumTaβrG₂att−rβ−sUG2021SG[Y]SGXZW_WZ 10

280 onffiβn−−rβnffiGβnt−rm−tallβ₃Tm−talGoxβ₄−Gβnt−rfa₃−GwβtαGlowGplatβnumGloa₄βnffiGforG−ffβ₃β−ntGm−tαanolG
−l−₃trooxβ₄atβonUG2021SG_W[SG]YT_W 2

279 moxβGnanoalloysG−m₂−₄₄−₄GβnGxT₄op−₄G₃ar₂onGnanofβ₂−rsG₄−rβv−₄GfromGlay−r−₄G₂βm−talTorffianβ₃G
fram−worδGan₄GasG−ffβ₃β−ntGoxyffi−nG−l−₃tro₃atalystUG2021SGbbbSGX_X]bb 3

278 waffin−tβz−₄Gmanffian−s−T₄op−₄Gwat−rm−lonGrβn₄G₂βo₃αarGasGaGnov−lGlowT₃ostG₃atalystGforGβmprovβnffiG
oxyffi−nGr−₄u₃tβonGr−a₃tβonGβnGmβ₃ro₂βalGfu−lG₃−llsUG2022SGbWYSGX[ccbc 3

277 mor−Tsα−llGST₄op−₄GffiTmZx[jzXYZG₄−rβv−₄GxGan₄GSG₃oT₄op−₄G₃ar₂onGasGm−talTfr−−G−l−₃tro₃atalystsG
αβffiαlyG−ffβ₃β−ntGforGoxyffi−nGr−₄u₃tβonGr−a₃tβonUG2022SG[YcSGXZY[_c 0

276 “α−Gus−GofGpolym−rTffirapα−n−G₃omposβt−sGβnG₃atalysβsUG2022SG]ZaT]]_

275 r−t−roatomG₄opβnffiGβnGm−talTfr−−G₃ar₂ona₃−ousGmat−rβalsGforGtα−G−nαan₃−m−ntGofGp−rsulfat−G
a₃tβvatβonUG2022SG[YaSGXZX_]] 19

274 mozT₄−₃orat−₄GxSzT₄op−₄Gn−₃δla₃−Tlβδ−G₃ar₂onGforGαβffiαlyG−ffβ₃β−ntGoxyffi−nGr−₄u₃tβonGan₄GklTaβrG
₂att−rβ−sUG2022SG[YbSGXZXZY_ 1

273 monstru₃tβonGan₄Gkpplβ₃atβonGofGZnGqrapα−n−Gwat−rβalsGlas−₄GonG“−mplat−₄Gzolym−rβzatβonUG2021SG]aTbb

272 sntro₄u₃tβonUG2021SGXTZ[

271 ry₂rβ₄Gmar₂onGpβlmGol−₃tro₄−sGforGol−₃troanalysβsUG2021SGZaSGZaT[a 6

270 spTry₂rβ₄βz−₄Gnβtroffi−nG₄op−₄Gffirapα₄βyn−GforGαβffiαTp−rforman₃−G°nâ��aβrG₂att−rβ−sUG 3

269 onαan₃−₄G−l−₃tro₃atalytβ₃Gp−rforman₃−GβnG₄y−Ts−nsβtβz−₄GsolarG₃−llGvβaG₃ouplβnffiGmoS−YjxT₄op−₄G
₃ar₂onGan₄G₃ar₂onGnanotu₂−sUG2021SGcSGaW[_TaW]_ 2

268 mrkz“oRG_dZnGqlwTsupport−₄G“ransβtβonGw−talGyxβ₄−Gxano₃atalystsGan₄Gr−t−roatomT₄op−₄GZnG
qrapα−n−Gol−₃tro₃atalystsGforGzot−ntβalGkpplβ₃atβonGβnGpu−lGm−llsUG2021SGXZcTXab 1

267
“unβnffiGtα−Gsnt−rmol−₃ularGol−₃tronG“ransf−rGofGvowTnβm−nsβonalGan₄Gw−talTpr−−GlmxVmG
ol−₃tro₃atalystsGvβaGsnt−rfa₃βalGn−f−₃tsGforGoffβ₃β−ntGry₄roffi−nGan₄Gyxyffi−nGol−₃tro₃α−mβstryUG2021SG
X[ZSGXYWZTXYX]

54

266 snv−stβffiatβonGofGxβtroffi−nTnopβnffiGsnflu−n₃−GonGtα−Gol−₃tro₃atalytβ₃Gk₃tβvβtyGofGqrapα−n−GβnGklδalβn−G
yxyffi−nGR−₄u₃tβonGR−a₃tβonUG2021SGY[SG 1

265 Syntα−sβsGofG₃atalystsGwβtαGfβn−GplatβnumGpartβ₃l−sGsupport−₄G₂yGαβffiαTsurfa₃−Tar−aGa₃tβvat−₄G₃ar₂onsG
an₄GoptβmβzatβonGofGtα−βrG₃atalytβ₃Ga₃tβvβtβ−sGforGpolym−rG−l−₃trolyt−Gfu−lG₃−llsUUG2021SGXXSGYW_WXTYW_XX 2
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264 Spa₃−T₃onfβn−₄G₃onstru₃tβonGofGtwoT₄βm−nsβonalGnβtroffi−nT₄op−₄G₃ar₂onGwβtαG−n₃apsulat−₄G
₂βm−tallβ₃Gnanopartβ₃l−sGasGoxyffi−nG−l−₃tro₃atalystsUG2021SG]aSGbXcWTbXcZ 4

263 ol−₃trolyt−Ga₃₃−ssβ₂βlβtyGofGnonTpr−₃βousTm−talG₃atalystsGwβtαG₄βff−r−ntGspα−rβ₃alGpartβ₃l−Gsβz−sGun₄−rG
alδalβn−G₃on₄βtβonsGforGoxyffi−nGr−₄u₃tβonGr−a₃tβonUG2021SG]YSGZY_TZZX 1

262 “−mplat−Tfr−−Gsyntα−sβsGofGpolya₃rylonβtrβl−T₄−rβv−₄GporousG₃ar₂onGnano₂allsGonGffirapα−n−GforG
−ffβ₃β−ntGoxyffi−nGr−₄u₃tβonGβnGzβn₃â��aβrG₂att−rβ−sUG2021SGcSGc_[[Tc_][ 10

261 yn−Tst−pGan₄G₃ontrolla₂l−Gsyntα−sβsGofGa₃tβv−GxTrβ₃αGffirapα−n−Gnano₃lust−rsTmx“G₃omposβt−GvβaGanG
ultrafastG₄−flaffiratβonGr−a₃tβonGforGoxyffi−nGr−₄u₃tβonG−l−₃tro₃atalysβsUG2021SG]_SG_Z[cT_Z_W 5

260 n−f−₃tTrβ₃αGxVST₃oT₄op−₄GporousGαollowG₃ar₂onGnanospα−r−sG₄−rβv−₄GfromGfull−r−n−sGasG−ffβ₃β−ntG
−l−₃tro₃atalystsGforGtα−Goxyffi−nTr−₄u₃tβonGr−a₃tβonGan₄G°nâ��aβrG₂att−rβ−sUG 2

259 “αr−−Tnβm−nsβonalGrβ−rar₃αβ₃alGkr₃αβt−₃tur−sGn−rβv−₄GfromGSurfa₃−Twount−₄Gw−talâ��yrffianβ₃G
pram−worδGw−m₂ran−sGforGonαan₃−₄Gol−₃tro₃atalysβsUG2017SGXYcSGXZc_cTXZcaZ 31

258 “α−rmalGknn−alβnffiGoff−₃tGofGmoâ��xâ��mVmar₂onGxanotu₂−GonGtα−Gol−₃tro₃α−mβ₃alGyxyffi−nGR−₄u₃tβonG
R−a₃tβonUG2018SG_SGYZc[TYZcb 7

257 Rol−GofGxβtroffi−nGzr−₃ursorGonGtα−Gk₃tβvβtyGn−s₃rβptorGtowar₄sGyxyffi−nGR−₄u₃tβonGR−a₃tβonGβnG
sronTlas−₄GmatalystsUG2018SGZSG_][YT_]]W 8

256 ol−₃tro₃α−mβ₃alGoxfolβatβonGSyntα−sβsGofGqrapα−n−UG2017SGZcT]W 6

255
Syn−rffiβstβ₃G−ff−₃tsGofGmβ₃rostru₃tur−sGan₄Ga₃tβv−Gnβtroffi−nG₃ont−ntGonGtα−Goxyffi−nGr−₄u₃tβonG
r−a₃tβonGp−rforman₃−GofGnβtroffi−nT₄op−₄G₃ar₂onGnanofβ₂−rsGvβaGuyrGa₃tβvatβonGα−atGtr−atm−ntUG
2020SG]]SGXWaY]TXWaZc

6

254 Sβnffil−Tpαas−GRuXâ��xâ��ywnxmoyyYGnanopartβ₃l−sGasGαβffiαlyG−ff−₃tβv−Goxyffi−nGr−₄u₃tβonG
−l−₃tro₃atalystsGβnGalδalβn−Gm−₄βaGwβtαG−nαan₃−₄Gsta₂βlβtyGan₄Gfu−lTtol−ran₃−UG2020SGYaaSGXXcX[c 9

253
Sβt−Gsp−₃βfβ₃Gnβtroffi−nGβn₃orporatβonGβnGr−₄u₃−₄Gffirapα−n−Goxβ₄−GusβnffiGβmβ₄azol−GasGaGnov−lGr−₄u₃βnffiG
affi−ntGforG−ffβ₃β−ntGoxyffi−nGr−₄u₃tβonGr−a₃tβonGan₄Gβmprov−₄Gsup−r₃apa₃βtβv−Gp−rforman₃−UG2020SG
X__SGZ_XTZaZ

9

252 z−rsβst−ntGfr−−Gra₄β₃alsGonGxT₄op−₄Gαy₄ro₃αarGforG₄−ffira₄atβonGofG−n₄o₃rβn−G₄βsruptβnffiG₃ompoun₄sUG
2020SGZcbSGXY]]Zb 24

251 nu₃δw−−₄G₄−rβv−₄Gnβtroffi−nGs−lfT₄op−₄GporousG₃ar₂onGmat−rβalsGasG₃ostT−ff−₃tβv−G−l−₃tro₃atalystsG
forGoxyffi−nGr−₄u₃tβonGr−a₃tβonGβnGmβ₃ro₂βalGfu−lG₃−llsUG2020SG[]SGX]ZZ_TX]Z[] 19

250 lSGxGmoTnop−₄Gor₄−r−₄Gm−soporousG₃ar₂onGwβtαG−nαan₃−₄G−l−₃tro₃atalytβ₃Ga₃tβvβtyGforGtα−Goxyffi−nG
r−₄u₃tβonGr−a₃tβonUG2020SGbY[SGX]ZcWb 19

249
kGq−n−ralGw−tαo₄GforGmonstru₃tβnffiG“woTnβm−nsβonalGvay−r−₄Gw−soporousGwonoTGan₄G
lβnaryT“ransβtβonTw−talGxβtrβ₄−Vqrapα−n−GasGanG”ltraToffβ₃β−ntGSupportGtoGonαan₃−GstsGmatalytβ₃G
k₃tβvβtyGan₄Gnura₂βlβtyGforGol−₃tro₃atalytβ₃Gkpplβ₃atβonUG2016SGbSGXbaaWTba

20

248 lβomassG₃αβtβnT₄−rβv−₄Gαon−y₃om₂Tlβδ−Gnβtroffi−nT₄op−₄G₃ar₂onVffirapα−n−Gnanosα−−tGn−tworδsGforG
applβ₃atβonsGβnG−ffβ₃β−ntGoxyffi−nGr−₄u₃tβonGan₄Gro₂ustGlβtαβumGstoraffi−UG2016SG[SGXXabcTXXacc 62

247 wypsTn−rβv−₄GmojmxG₂βTfun₃tβonalG₃atalystsGforGs−l−₃tβv−Gtransf−rGαy₄roffi−natβonGofG
˛–S˛†Tunsaturat−₄Gal₄−αy₄−sGwβtαoutGus−GofG₂as−Ga₄₄βtβv−sUG2017SGXSGYWW]TYWXY 41
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246
lam₂ooTlβδ−Gnβtroffi−nT₄op−₄GporousG₃ar₂onGnanofβ₂−rsG−n₃apsulat−₄Gnβ₃δ−lT₃o₂altGalloyG
nanopartβ₃l−sG₃omposβt−Gmat−rβalG₄−rβv−₄GfromGtα−G−l−₃trospunGfβ₂−rGofGaG₂βm−talTorffianβ₃G
fram−worδGasG−ffβ₃β−ntG₂βfun₃tβonalGoxyffi−nG−l−₃tro₃atalystsUG2020SGXYSG]c[YT]c]Y

35

245 Syntα−sβsGofGzorousGxTRβ₃αGmar₂onVw −n−GfromGw −n−jzolypyrrol−Gry₂rβ₄Gxanosα−−tsGasG
yxyffi−nGR−₄u₃tβonGR−a₃tβonGol−₃tro₃atalystsUG2020SGX_aSGXX_]WZ 9

244 kG”nβqu−GSyntα−sβsGofGwa₃roporousGxTnop−₄Gmar₂onGmomposβt−GmatalystGforGyxyffi−nGR−₄u₃tβonG
R−a₃tβonUG2020SGXXSG 0

243 Syntα−sβsGofGxβtroffi−nGnop−₄Gzrot−βnGlas−₄Gmar₂onGasGztGmatalystsGSupportsGforGyxyffi−nGR−₄u₃tβonG
R−a₃tβonUG2018SGYbSGXbYTXbb 8

242 R−₃−ntG“r−n₄sGofGyxyffi−nGR−₄u₃tβonGmatalystsGβnGwβ₃ro₂βalGpu−lGm−llsdGkGR−vβ−wUG2019SG[XSG_]aT_a] 8

241 “−mplat−GSyntα−sβsGofGxβtroffi−nTnop−₄GSαortG“u₂ularGmar₂onsGwβtαGlβffiGsnn−rGnβam−t−rGan₄Gtα−βrG
kpplβ₃atβonGβnGol−₃tro₃α−mβ₃alGS−nsβnffiUG2014SGZ]SGY[YZTY[ZW 2

240 nop−₄Gffirapα−n−V₃ar₂onG₂la₃δGαy₂rβ₄G₃atalystGffiβvβnffiG−nαan₃−₄Goxyffi−nGr−₄u₃tβonGr−a₃tβonGa₃tβvβtyG
wβtαGαβffiαGr−sβstan₃−GtoG₃orrosβonGβnGprotonG−x₃αanffi−Gm−m₂ran−Gfu−lG₃−llsUG2021SG 1

239 mo₂altGnanopartβ₃l−G₄−₃orat−₄GxT₄op−₄G₃ar₂onsG₄−rβv−₄GfromGaG₃o₂altG₃oval−ntGorffianβ₃Gfram−worδG
forGoxyffi−nG−l−₃tro₃α−mβstryUG 2

238 “α−G−ff−₃tGofG₃o₂altGonGmorpαoloffiySGstru₃tur−SGan₄GyRRGa₃tβvβtyGofG−l−₃trospunG₃ar₂onGfβ₂r−GmatsGβnG
aqu−ousGalδalβn−G−nvβronm−ntsUG2021SGXYSGXXaZTXXb_

237 Syn−rffiβstβ₃G−ff−₃tGofGβsolat−₄GmoGan₄Gp−G₄ualGa₃tβv−Gsβt−sG₂oostβnffiGtα−Gpαoto₃atalytβ₃Gαy₄roffi−nG
−volutβonGr−a₃tβonUG2021SGX_YYcW 2

236 RatβonalGSyntα−sβsGofGzolym−rβ₃Gxβtroffi−nGxbâ��GwβtαG”ltravβol−tGsrra₄βatβonGan₄GstsGyxyffi−nGR−₄u₃tβonG
R−a₃tβonGw−₃αanβsmGStu₄yGwβtαGsnGSβtuGSα−llTssolat−₄Gxanopartβ₃l−Tonαan₃−₄GRamanGSp−₃tros₃opyUGXZWZ[TXZW[W1

235 loostβnffiGtα−GroRG−l−₃tro₃atalytβ₃Ga₃tβvβtyGov−rGRumuTsupport−₄G₃ar₂onGnanosα−−tsGasG−ffβ₃β−ntG
prTβn₄−p−n₄−ntG₃atalystsUG2021SGZWSGXWWZWY 1

234 nualGα−t−roatomT₄op−₄Gr−₄u₃−₄Gffirapα−n−Goxβ₄−Gan₄GβtsGapplβ₃atβonGβnG₄y−Ts−nsβtβz−₄GsolarG₃−llsUG
2021SGXYYSGXXX_bc 4

233 R−s−ar₃αGzroffir−ssGonGSurfa₃−Gwo₄βfβ₃atβonGofGqrapα−n−UG2019SGWcSGZacTZcX

232 pluorβn−G−nαan₃−₄Gpyrβ₄βnβ₃TxG₃onfβffiuratβonGasGanGultraTa₃tβv−Gsβt−GforGoxyffi−nGr−₄u₃tβonGr−a₃tβonGβnG
₂otαGalδalβn−Gan₄Ga₃β₄β₃G−l−₃trolyt−sUG2021SGXbaSG_aT_a 3

231 nura₂l−Gan₄GS−l−₃tβv−Gol−₃tro₃α−mβ₃alGrYyYGSyntα−sβsGun₄−rGaGvarffi−Gmurr−ntGona₂l−₄G₂yGtα−G
matαo₄−GwβtαGrβffiαlyGry₄ropαo₂β₃G“αr−−Tzαas−Gkr₃αβt−₃tur−UGXZacaTXZbWb 8

230 k₃₃−l−ratβnffiG“rβpl−G“ransportGβnG°βn₃TkβrGlatt−rβ−sGan₄G—at−rGol−₃trolysβsG₂yGSpatβallyGmonfβnβnffiGmoG
xanopartβ₃l−sGβnGlr−atαa₂l−Gron−y₃om₂Tvβδ−Gwa₃roporousGxTnop−₄Gmar₂onUG2021SGXaSG−YXWZ]Xa 7

229
StronffiG₃oor₄βnatβonGa₂βlβtyGofGsulfurGwβtαG₃o₂altGforGfa₃βlβtatβnffiGs₃al−TupGsyntα−sβsGofGmoSG
−n₃apsulat−₄GSSGxG₃oT₄op−₄G₃ar₂onGasGaGtrβfun₃tβonalG−l−₃tro₃atalystGforGoxyffi−nGr−₄u₃tβonGr−a₃tβonSG
oxyffi−nGan₄Gαy₄roffi−nG−volutβonGr−a₃tβonUG2021SG
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228 mar₂onGlas−₄Gol−₃tro₃atalystsUG2020SGZWXTZWc

227 ol−₃tro₃atalytβ₃Goxyffi−nGr−₄u₃tβonGtoGαy₄roffi−nGp−roxβ₄−GtαrouffiαGaG₂βomassT₄−rβv−₄Gnβtroffi−nGan₄G
oxyffi−nGs−lfT₄op−₄GporousG₃ar₂onGm−talTfr−−G₃atalystUG 3

226 qrapαyn−sdGol−₃tronβ₃Gzrop−rtβ−sSGSyntα−sβsSGan₄Gkpplβ₃atβonsGβnGmatalysβsUGX[XYYTX[X[a 3

225 Syntα−sβsGofGnβtroffi−nGan₄GsulfurTnβtroffi−nG₃oT₄op−₄G₃ar₂onT₂as−₄Goxyffi−nGr−₄u₃tβonGr−a₃tβonG
₃atalystGfromGrβ₃−GstrawGan₄Gr−−lβnffiGwast−GofGmuffiaGsβlδGOkntαra−aGassam−nsβsPUG2021SG

224 wypT₄rβv−nGultrafβn−GmocSbGxano₃rystalsG−m₂−₄₄−₄GβnGxSGSTmo₄op−₄Gwultβlay−rTkss−m₂l−₄Gmar₂onG
xanoplat−sGforGoffβ₃β−ntGlβfun₃tβonalGyxyffi−nGol−₃tro₃atalysβsUG2021SGXZZZb] 2

223 kGp−rro₃−n−Gw−talTyrffianβ₃Gpram−worδGSolβ₄GforGp−Tvoa₄−₄Gmar₂onGwatrβ₃−sGan₄Gxanotu₂−sdG
rβffiαTYβ−l₄GSyntα−sβsGan₄Gyxyffi−nGR−₄u₃tβonGol−₃tro₃atalysβsUG2021SG_WSGXaZX]TXaZY[ 0

222 p−SGxTnop−₄Gw−talGyrffianβ₃Gpram−worδGzr−par−₄G₂yGtα−Gmal₃βnatβonGofGsronGmα−lat−₄Gzolyβmβn−sGasG
tα−Gmatαo₄−TmatalystGofGzrotonGox₃αanffi−Gw−m₂ran−Gpu−lGm−llsUG2021SGXZSG 0

221 sronGan₄Gnβtroffi−nT₄op−₄G₄ou₂l−Gffiyroβ₄Gm−soporousG₃ar₂onsGforGoxyffi−nGr−₄u₃tβonGβnGa₃β₄β₃G
−nvβronm−ntsUG2021SGZSGWX]WWX 0

220 moxβGnanoTalloyGan₃αor−₄GonG₂βomassT₄−rβv−₄GxT₄op−₄G₃ar₂onGfram−worδsGforG−nαan₃−₄Goxyffi−nG
r−₄u₃tβonGan₄G−volutβonGr−a₃tβonsUG2022SG[WYSGXZc]]] 5

219 lan₄affi−G₂as−₄G−n−rffiyGffi−n−ratorsGa₃tβvat−₄G₂yGsw−atGβnGwβr−l−ssGsδβnG−l−₃tronβ₃sGforG₃ontβnuousG
pαysβoloffiβ₃alGmonβtorβnffiUG2022SGcYSGXW_a]] 6

218 Stru₃tur−Gan₄Gol−₃tro₃α−mβ₃alGzrop−rtβ−sGofGxβtroffi−nGmontaβnβnffiGxano₃ar₂onGpβlmsGan₄G“α−βrG
ol−₃troanalytβ₃alGkpplβ₃atβonUG2021SGaWSG]XXT]YW

217 SpatβallyG₄βsp−rs−₄Gon−T₄βm−nsβonalG₃ar₂onGar₃αβt−₃tur−GonGoxβ₄−Gfram−worδGforGoxyffi−nG
−l−₃tro₃α−mβstryUG2021SGXZZ_[c 2

216 R−₃−ntGk₄van₃−sGβnGpl−xβ₂l−G°nTkβrGlatt−rβ−sdGwat−rβalsGforGol−₃tro₄−sGan₄Gol−₃trolyt−sUUG2022SG_SG−YXWXXX_ 3

215 snGSβtuGk₃tβvatβonVn−₄opβnffiTsn₄u₃−₄Gn−f−₃tβv−Gmar₂onGSponffi−GforGonαan₃−₄Gyxyffi−nGR−₄u₃tβonG
ol−₃tro₃atalysβsUG2021SGbSG[abX

214 xov−lG“woTSt−pGSurfa₃−GloronGn−₃oratβonGofGqrapαβtβ₃Gmar₂onGxβtrβ₄−Gzαoto−l−₃tro₄−sGforG
offβ₃β−ntGmαarffi−G“ransportGan₄GS−paratβonUG2021SGXY]SGY]YWaTY]YX_ 2

213 snTSβtuGSyn−rffiβstβ₃GYnVYnGw −n−VlmxGr−t−rostru₃tur−GforGSup−rlatβv−Gon−rffiyGn−nsβtyG
Sup−r₃apa₃βtorGwβtαGSup−rTvonffiGvβf−UG2021SG−YXW_W]X 5

212 wolt−nTSaltTkssβst−₄GSyntα−sβsGofGxβtroffi−nTnop−₄Gmar₂onGxanosα−−tsGn−rβv−₄GfromGlβomassG
—ast−GofGqβnffiδoGSα−llsGasGoffβ₃β−ntGmatalystGforGyxyffi−nGR−₄u₃tβonGR−a₃tβonUG2021SGcSGYXY[ 0

211 snflu−n₃−GofGmα−mβ₃alGk₃tβvatβonG“−mp−ratur−sGonGxβtroffi−nTnop−₄Gmar₂onGwat−rβalGStru₃tur−SGzor−G
Sβz−Gnβstrβ₂utβonGan₄Gyxyffi−nGR−₄u₃tβonGR−a₃tβonGk₃tβvβtyUG2021SGXXSGX[_W 1
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210 xβtroffi−nTonrβ₃α−₄Gmonγuffiat−₄Gzolym−rGona₂l−₄Gw−talTpr−−Gmar₂onGxanozym−sGwβtαGoffβ₃β−ntG
yxβ₄as−Tvβδ−Gk₃tβvβtyUG2021SG−YXW[ccZ 15

209 zlatβnumGmrosslβnδ−₄Gmar₂onGnotj“βyGpTnGtun₃tβonsGforGR−laps−Tpr−−GSono₄ynamβ₃G“umorG
ora₄β₃atβonGvβaGrβffiαTYβ−l₄GRySGan₄GqSrGn−pl−tβonUG2021SG−YXWZ]Yb 7

208 xβ₃δ−lGsβnffil−TatomG₃atalystsGβntrβnsβ₃allyGpromot−₄G₂yGfastGpyrolysβsGforGs−l−₃tβv−G−l−₃tror−₄u₃tβonG
ofGmyYGβntoGmyUG2022SGZW[SGXYWcca 6

207 kr₃αβt−₃tur−GofGlarffi−Gsurfa₃−Gar−aGxT₄op−₄Gm−soporousG₃ar₂onGsα−−tsGasGsustaβna₂l−G
−l−₃tro₃atalystGforGoxyffi−nGr−₄u₃tβonGr−a₃tβonGβnGalδalβn−G−l−₃trolyt−UG2022SGX[cSGXXXaYc 1

206 °rG−nαan₃−₄Gp−SGxSGSG₃oT₄op−₄G₃ar₂onT₂as−₄G₃atalystGforGαβffiαT−ffβ₃β−n₃yGoxyffi−nGr−₄u₃tβonGr−a₃tβonUG
2022SG 4

205 xβtroffi−nT₄op−₄Gffirapα−n−Ga−roffi−lsGwβtαGratβonalGβn₄βumGαy₄roxβ₄−G₄−₃oratβonGforGαβffiαlyG−ffβ₃β−ntG
pαoto₃atalytβ₃GofGpTnβtropα−nolUG2022SGXWSGXWaXY] 0

204 w−talTfr−−Gαon−y₃om₂Tlβδ−G−l−₃tro₃atalystGwβtαGαβffiαGsp−₃βfβ₃GmassGa₃tβvβtyGforGa₃₃−l−rat−₄Goxyffi−nG
r−₄u₃tβonGr−a₃tβonGβnG₂otαGalδalβn−Gan₄Ga₃β₄β₃Gm−₄βaUG2022SG]acSGX]YX[c 1

203 onαan₃−₄Goxyffi−nGr−₄u₃tβonGwβtαG₃ar₂onTpolyα−₄ronTsupport−₄G₄βs₃r−t−G₃o₂altTnβtroffi−nGsβt−sGforG
°nTaβrG₂att−rβ−sUG2022SG[ZXSGXZ[Wb[ 3

202 kmβnat−₄GlβffinβnG₃α−lat−₄Gm−talG₄−rβv−₄G₂βfun₃tβonalG−l−₃tro₃atalystGwβtαGαβffiαG₃atalytβ₃G
p−rforman₃−UG2022SG]bWSGX]YYW] 1

201
mouplβnffiGnβtroffi−nVoxyffi−nGs−lfT₄op−₄G₂βomassGporousG₃ar₂onG₃atαo₄−G₃atalystGwβtαG
mup−yYV₂βo₃αarGpartβ₃l−G₃atalystGforGtα−Gα−t−roffi−n−ousGvβsβ₂l−TlβffiαtG₄rβv−nGpαotoT−l−₃troTp−ntonG
₄−ffira₄atβonGofGt−tra₃y₃lβn−UG2022SGZW]SGXYXWY[

3

200 “aβlorβnffiGyr₄−r−₄GzorousGmar₂onGom₂−₄₄−₄GwβtαGmuGmlust−rsGforGrβffiαTon−rffiyGan₄GvonffiTvastβnffiG
zαospαorusGkno₄−UUG2022SG−YXW_cZW 3

199 Syntα−sβsGan₄G−l−₃tro₃atalytβ₃Gprop−rtβ−sGofGwGOp−SGmoPSxG₃oT₄op−₄GporousG₃ar₂onGfram−worδsGforG
−ffβ₃β−ntGoxyffi−nGr−₄u₃tβonGr−a₃tβonUG2022SG[aSGc]W[Tc]X_ 3

198 xanosα−−tsGwβtαGrβffiαTz−rforman₃−Gol−₃tro₃α−mβ₃alGyxyffi−nGR−₄u₃tβonGR−a₃tβonGR−vβv−₄GfromG
qr−−nG—alnutGz−−lUUG2022SGYaSG 2

197 wultβpl−Grol−sGofGffirapα−n−GβnG−l−₃tro₃atalystsGforGm−talTaβrG₂att−rβ−sUG2022SG 1

196 R−₃−ntGproffir−ssGofG₃ar₂onT₂as−₄G−l−₃tro₃atalytβ₃Gmat−rβalsGβnGvβtαβumT₂as−₄G₂att−rβ−sUG2022SG−WWZb[

195 kGpa₃βl−GSyntα−sβsGofGxo₂l−Tw−talTpr−−GmatalystGlas−₄GonGxβtroffi−nGnop−₄Gqrapα−n−Gyxβ₄−GforG
yxyffi−nGR−₄u₃tβonGR−a₃tβonUUG2022SGX]SG 1

194 rβffiαTp−rforman₃−G−l−₃trospunG₃ar₂onGfβ₂−rG₄−rβv−₄GfromGlβffinβnGan₄Gm−talG₃omposβt−UG2022SGYbSGXXXc 0

193 yxyffi−nGr−₄u₃tβonGr−a₃tβonsGfromG₂oronT₄op−₄Gffirapα−n−GquantumG₄otG₃atalystG−l−₃tro₄−sGβnGa₃β₄β₃G
an₄Galδalβn−G−l−₃trolyt−sUG2022SGXW[Xc_ 1
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192 r−t−roatomT₄op−₄Gnanomat−rβalsV₃or−â��sα−llGnanostru₃tur−G₂as−₄G−l−₃tro₃atalystsGforGtα−Goxyffi−nG
r−₄u₃tβonGr−a₃tβonUG2022SGXWSGcbaTXWYX 5

191 n−f−₃tβv−GporousG₃ar₂onGmβ₃roro₄sG₄−rβv−₄GfromGfull−r−n−sGOmPGasGαβffiαTp−rforman₃−G
−l−₃tro₃atalystsGforGtα−Goxyffi−nGr−₄u₃tβonGr−a₃tβonUUG2021SG 1

190 r−t−roatomTkn₃αor−₄GzorousGmar₂onGasGoffβ₃β−ntGol−₃tro₃atalystGforGyxyffi−nGR−₄u₃tβonGR−a₃tβonUG 1

189 lam₂ooTlβδ−G₃ar₂onβtrβ₄−Gnanotu₂−sGwβtαGmultβTtyp−Ga₃tβv−Gsβt−sGforGoxyffi−nGr−₄u₃tβonGr−a₃tβonGβnG
₂otαGalδalβn−Gan₄Ga₃β₄Gm−₄βumsUG2022SG[aSGac[cTac_W 0

188 R−₃−ntGβnsβffiαtsGonGβronG₂as−₄Gnanostru₃tur−₄G−l−₃tro₃atalystGan₄G₃urr−ntGstatusGofGprotonG
−x₃αanffi−Gm−m₂ran−Gfu−lG₃−llGforGsustaβna₂l−GtransportUG2022SG 2

187 S−lfTnβtroffi−nT₄op−₄G₃ar₂onGmat−rβalsG₄−rβv−₄GfromGmβ₃roalffia−G₂yGlβpβ₄G−xtra₃tβonGpr−tr−atm−ntdG
rβffiαlyG−ffβ₃β−ntG₃atalystGforGtα−Goxyffi−nGr−₄u₃tβonGr−a₃tβonUUG2022SGbYXSGX]ZX]] 0

186 rβffiαG−l−₃tro₃atalytβ₃Gp−rforman₃−GofGp−ZmT−n₃apsulat−₄GxT₄op−₄G₃ar₂onGnanotu₂−sGan₄G
nanosα−−tsGforGoxyffi−nGr−₄u₃tβonGr−a₃tβonUG2022SGX[cSGXXXaXc 0

185 “ransβtβonGm−talGan₄Gnβtroffi−nT₄op−₄Gm−soporousG₃ar₂onsGasG₃atαo₄−G₃atalystsGforGanβonT−x₃αanffi−G
m−m₂ran−Gfu−lG₃−llsUG2022SGZW_SGXYXXXZ 6

184 nβssolutβonGofGtα−Gr−t−roatomGnopantsGan₄GpormatβonGofGyrtαoT|uβnon−Gwoβ−tβ−sGβnGtα−Gnop−₄G
mar₂onGwat−rβalsG₄urβnffiG—at−rGol−₃trooxβ₄atβonUUG2022SG 4

183 ol−₃tro₃atalysβsGβnGklδalβn−Gw−₄βaGan₄Gklδalβn−Gw−m₂ran−Tlas−₄Gon−rffiyG“−₃αnoloffiβ−sUUG2022SG 25

182 rβ−rar₃αβ₃alGzorousGxβtroffi−nTnop−₄GSprayTnrβ−₄Gqrapα−n−GforGrβffiαGz−rforman₃−Gmapa₃βtβv−G
n−βonβzatβonUGYXWWXcW 0

181 rβffiαlyGzorousGsronTnop−₄Gxβtroffi−nâ��mar₂onGpram−worδGonGR−₄u₃−₄Gqrapα−n−Gyxβ₄−GasGanG
ox₃−ll−ntGyxyffi−nGR−₄u₃tβonGmatalystGforGzrotonTox₃αanffi−Gw−m₂ran−Gpu−lGm−llsUG 1

180 wβ₃rowav−Tassβst−₄Gsyntα−sβsGofGw−llT₄−fβn−₄Gnβtroffi−nG₄opβnffiG₃onfβffiuratβonGwβtαGαβffiαG₃−ntralβtyGβnG
₃ar₂onGtoGβ₄−ntβfyGtα−Ga₃tβv−Gsβt−sGforG−l−₃tro₃α−mβ₃alGαy₄roffi−nGp−roxβ₄−Gpro₄u₃tβonUG2022SGXcXSGZ[WTZ[c 0

179 rβffiαlyGffirapαβtβz−₄G₃ar₂onTwrapp−₄Gztp−moGalloyGwβtαG−nαan₃−₄G₄ura₂βlβtyGan₄Ga₃tβvβtyGtowar₄G
m−tαanolG−l−₃troToxβ₄atβonUG2022SGY[SGXWWabb 0

178 lalan₃−GofGxTnopβnffiGonffiβn−−rβnffiGan₄Gmar₂onGmα−mβstryGtoGoxpos−Go₄ffi−Gqrapαβtβ₃GxGSβt−sGforG
onαan₃−₄Gyxyffi−nGR−₄u₃tβonGol−₃tro₃atalysβsUUG2021SGXZSG_XXYcT_XXZb 2

177 Surfa₃−Gnβ−lsâ��kl₄−rGa₄₄u₃tsGonGmultβlay−rGffirapα−n−GforGtα−Gffi−n−ratβonGofG−₄ffi−T−nrβ₃α−₄G
sβnffil−TatomGp−x[Gsβt−sGforGyRRGan₄GyoRG−l−₃tro₃atalysβsUG2022SG_SGX_WZTX_X] 0

176 RatβonalGn−sβffinGofGffirapαβtβ₃Gmar₂onGxβtrβ₄−Gmatalytβ₃Tlβo₃atalytβ₃GksGaGzαoto₃atalytβ₃GzlatformGforG
SolarGpβn−Gmα−mβ₃alGzro₄u₃tβonGpromGmyYUG 2

175 ST₄op−₄Gkuz₄Ga−roffi−lsGasGαβffiαG−ffβ₃β−n₃yG₃atalystsGforGtα−Goxyffi−nGr−₄u₃tβonGr−a₃tβonG₂yG₂alan₃βnffiG
tα−GratβoG₂−tw−−nG₂rβ₄ffiβnffiGSYYâ��Gan₄Gapβ₃alGSYâ��Glβffian₄sUG2022SGXWSGabWWTabXW 2
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174 r−t−ro−pβtaxβallyGqrownG“woTnβm−nsβonalGw−talTyrffianβ₃Gpram−worδGan₄GstsGn−rβvatβv−GforG
ol−₃tro₃atalytβ₃Gyxyffi−nGR−₄u₃tβonGR−a₃tβonUG 2

173 SulfurTnop−₄Gp−â��xâ��mGxanomat−rβalsGasGmatalystsGforGtα−Gyxyffi−nGR−₄u₃tβonGR−a₃tβonGβnGk₃β₄β₃G
w−₄βumUG2022SG]SG[ZcaT[[W] 1

172 xβtroffi−nGan₄GzαospαorusGnualTnop−₄GSβlβ₃onGmar₂β₄−Tn−rβv−₄Gmar₂onVmar₂onGxanotu₂−G
momposβt−GforGtα−GknβonTox₃αanffi−Gw−m₂ran−Gpu−lGm−llGmatαo₄−UG2022SG]SGYc[cTYc]b 2

171 “α−or−tβ₃alGsnv−stβffiatβonGofGtα−Gk₃tβv−GSβt−sGβnGxTnop−₄Gqrapα−n−Glβlay−rGforGtα−Gyxyffi−nG
R−₄u₃tβonGR−a₃tβonGβnGklδalβn−Gw−₄βaGβnGzowpmsUG2022SGXY_SG]b_ZT]baY 1

170 mαlorβ₄−T“ol−rantSGsn−xp−nsβv−Gp−VxVmGmatalystsGforGn−salβnatβonGpu−lGm−llGmatαo₄−sUG2022SG]SGXa[ZTXa][ 0

169 snflu−n₃−GofGn−f−₃tsGan₄Gr−t−roatomsGonGtα−Gmα−mβ₃alGzrop−rtβ−sGofGSupport−₄Gqrapα−n−Gvay−rsUG
2022SGXYSGZca 1

168 zorousGrβ−rar₃αβ₃alGsronVxβtroffi−nG₃oT₄op−₄Gmar₂onGot₃α−₄G₂yGffiTmGZGxG[GzyrolysβsGasGoffβ₃β−ntG
xonTno₂l−Gw−talGmatalystsGforGzowGpu−lGm−llsUG2022SGcSG 1

167 pavora₂l−Gpor−Gsβz−G₄βstrβ₂utβonGofG₂βomassT₄−rβv−₄GxSGSG₄ualT₄op−₄G₃ar₂onGmat−rβalsGforGa₄van₃−₄G
oxyffi−nGr−₄u₃tβonGr−a₃tβonUG2022SG[aSGXYc_[TXYca[ 1

166 “unβnffiGa₃tβv−Gsβt−sGofGxT₄op−₄GporousG₃ar₂onG₃atalystsG₄−rβv−₄GfromGvβnass−GforGαβffiαTp−rforman₃−G
−l−₃tro₃α−mβ₃alGs−nsβnffiUGXTXY 0

165 Su₃₃−ssfulGwanufa₃turβnffiGzroto₃olsGofGxTRβ₃αGmar₂onGol−₃tro₄−sGonsurβnffiGrβffiαGyRRGk₃tβvβtydGkG
R−vβ−wUG2022SGXWSG_[Z 1

164 lβm−tallβ₃G°spT₄−rβv−₄G₃o₂altGnanopartβ₃l−sGan₃αor−₄GonGxTGan₄GST₃o₄op−₄GporousG₃ar₂onG
nanofβ₂−rsGasG₃atαo₄−G₃atalystGforGvβTyYG₂att−rβ−sUG2022SGX[WYac 1

163 kGpa₃βl−GStrat−ffiyGtoGloostGtα−Gk₃tβv−GSβt−sGofGp−â��xâ��mGol−₃tro₃atalystGforGtα−Gyxyffi−nGR−₄u₃tβonG
R−a₃tβonUG2022SGX_cSGWZ[]W_ 0

162 k₄sorptβonGofG“ransβtβonTw−talGmlust−rsGonGqrapα−n−Gan₄GxTnop−₄Gqrapα−n−dGkGnp“GStu₄yUUG2022SG 3

161 S−lfTsupport−₄Gm−talGOp−SGmoSGxβPT−m₂−₄₄−₄Gnβtroffi−nT₄opβnffiG₃ar₂onGnanoro₄Gfram−worδGasG
trβfun₃tβonalG−l−₃tro₄−GforGfl−xβ₂l−G°nTaβrG₂att−rβ−sGan₄Gswβt₃αa₂l−Gwat−rG−l−₃trolysβsUG2022SG

160 nou₂lβnffiGwβ₃ropor−GofGmar₂onGSδ−l−tonGvβaGR−ffiulatβnffiGwol−₃ularGStru₃tur−GofGmar₂oαy₄rat−GforG
yxyffi−nGR−₄u₃tβonGR−a₃tβonUG

159 w−taffi−nomβ₃sGun₃ov−rsGtα−G−ff−₃tGofGnβtroffi−nT₄op−₄Gffirapα−n−GonGanammoxG₃onsortβaGan₄G
mβ₃ro₂βalGfun₃tβonUUG2022SGZ]XSGXY_ccb 1

158 n−f−₃tT−nrβ₃α−₄Gα−t−roβnt−rfa₃−sGxâ��woyYâ��woYmGsupport−₄Gz₄Gnano₃omposβt−GasGaGnov−lG
multβfun₃tβonalG−l−₃tro₃atalystGforGoxyffi−nGr−₄u₃tβonGr−a₃tβonGan₄Gov−rallGwat−rGsplβttβnffiUG2022SGY[SGXWWacc 1

157 S−lfTsupportβnffiGnβtroffi−nT₄op−₄Gr−₄u₃−₄Gffirapα−n−Goxβ₄−j₃ar₂onGnanofβ₂−rGαy₂rβ₄Gm−m₂ran−sGasG
αβffiαTp−rforman₃−Gβnt−ffirat−₄GaβrG₃atαo₄−sGβnGmβ₃ro₂βalGfu−lG₃−llsUG2022SGXcZSGY[YTY]a 1
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156
xβtroffi−nG₄op−₄GporousG₃ar₂onGpolyα−₄ralGsupport−₄Gp−Gan₄GxβG₄ualTm−talGsβnffil−Tatomβ₃G₃atalystsdG
t−mplat−Tfr−−Gan₄Gm−talGlβffian₄Tfr−−Gsysntα−sβsGwβtαGmβ₃rowav−Tassβstan₃−Gan₄G₄T₂an₄G₃−nt−rG
mo₄ulatβnffiGforG₂oost−₄GyRRG₃atalysβsGβnGzβn₃TaβrG₂att−rβ−sUG2022SG[ZaSGXZ]Yc]

1

155 xβtroffi−nT₄opβnffiGαollowG₃ar₂onGnanospα−r−sG₄−rβv−₄GfromG₃onγuffiat−₄Gmβ₃roporousGpolym−rsG
towar₄Goxyffi−nGr−₄u₃tβonGr−a₃tβonUUG2022SG_XaSGXXTXc 1

154 kGt−mplat−Tfr−−GsYTassβst−₄GpyrolysβsGstrat−ffiyGtoGsyntα−sβz−G₃oralTlβδ−Gnβtroffi−nT₄op−₄G₃ar₂onGwβtαGaG
r−ffiulat−₄Gαβ−rar₃αβ₃alGporousGstru₃tur−Gtowar₄G−ffβ₃β−ntGoxyffi−nGr−₄u₃tβonUG2022SG[[WSGXZ]b]Y 1

153 zr−₄op−₄Gyxyffi−nat−₄Gn−f−₃tsGk₃tβvat−Gxβtroffi−nTnop−₄Gqrapα−n−GforGtα−Gyxyffi−nGR−₄u₃tβonG
R−a₃tβonUUG2022SGXYSGXaZTXbY 5

152 mkRlyxTlkSonGmk“rynoGmk“kvYS“SG”SonGsxGwsmRylskvGp”ovGmovvSGpyRG—kS“o—k“oRG
“Rok“wox“GkxnGoxoRqYGRomy–oRYUG2021SGYWYXSGY[TZZ

151 mar₂onGnotsGasGx−wGluβl₄βnffiGllo₃δsGforGol−₃tro₃α−mβ₃alGon−rffiyGStoraffi−Gan₄Gol−₃tro₃atalysβsUG2022SG
XYSGYXWZ[Y_ 13

150 nβr−₃tGry₄roffi−nGz−roxβ₄−GSyntα−sβsGonGaGSnT₄op−₄Gmu—y[VSnGkno₄−Gan₄GanGkβrTlr−atαβnffiG
matαo₄−UG2022SGZ[SG_ZTaX 0

149 wβ₃rowav−Tkssβst−₄GSyntα−sβsGofGxβtroffi−nGan₄GSulpαurGnop−₄Gqrapα−n−Gn−₃orat−₄GwβtαGkntβmonyG
yxβ₄−dGknGoff−₃tβv−GmatalystGforGyxyffi−nGR−₄u₃tβonGR−a₃tβonUUG2021SGX]SG 1

148 Syntα−sβsGofGp−T₄op−₄G₃ar₂onGαy₂rβ₄G₃ompos−₄GofGmx“Vflaδ−Tlβδ−G₃ar₂onGforG₃atalyzβnffiGoxyffi−nG
r−₄u₃tβonUGX 0

147 rar₄Gt−mplat−G₄−rβv−₄GxSGSG₄ualGα−t−roatomG₄op−₄Gor₄−r−₄Gm−soporousG₃ar₂onGasGanG−ffβ₃β−ntG
−l−₃tro₃atalystGforGoxyffi−nGr−₄u₃tβonGr−a₃tβonUG2022SG 0

146 rβffiαlyGoffβ₃β−ntGol−₃tro₃α−mβ₃alGSyntα−sβsGofGry₄roffi−nGz−roxβ₄−GOrYyYPGona₂l−₄G₂yGkmβnoGk₃β₄G
qly₃βn−Tn−rβv−₄Gw−talTpr−−Gxβtroffi−nTnop−₄Gyr₄−r−₄Gw−soporousGmar₂onUG 1

145
onαan₃−₄G−l−₃tro₃α−mβ₃alGp−rforman₃−Gan₄GlonffiTt−rmG₄ura₂βlβtyGofG₃omposβt−Gm−m₂ran−sGtαrouffiαG
aG₂βnaryGβnt−rfa₃−GwβtαGsulfonat−₄Gunzβpp−₄Gffirapαβt−Gnanofβ₂−rsGforGpolym−rG−l−₃trolyt−Gfu−lG₃−llsG
op−ratβnffiGun₄−rGlowGr−latβv−Gαumβ₄βtyUG2022SG]cZSGX]Z[Wa

1

144 nataüSα−−tüXUp₄fUG2020SG

143 “a₂l−üXUnym UG2019SG

142 “a₂l−üXUnym UG2020SG

141 S−l−₃tβonGofGoxyffi−nGr−₄u₃tβonG₃atalystsGforGs−₃on₄aryGtrβT−l−₃tro₄−Gzβn₃TaβrG₂att−rβ−sUUG2022SGXYSG__c_ 0

140 sronGan₄Gxβ₃δ−lGzαtαalo₃yanβn−Two₄βfβ−₄Gxano₃ar₂onGwat−rβalsGasGmatαo₄−GmatalystsGforG
knβonTox₃αanffi−Gw−m₂ran−Gpu−lGm−llsGan₄G°βn₃TkβrGlatt−rβ−sUG

139
zop₃ornTlβδ−GmoZy[Gnanopartβ₃l−sG₃onfβn−₄GβnGaGtαr−−T₄βm−nsβonalGαβ−rar₃αβ₃alGxT₄op−₄G₃ar₂onG
nanotu₂−Gn−tworδGasGaGαβffiαlyT−ffβ₃β−ntGtrβfun₃tβonalG−l−₃tro₃atalystGforGzβn₃â��aβrG₂att−rβ−sGan₄Gwat−rG
splβttβnffiG₄−vβ₃−sUG

0
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138 r−t−rostru₃turalGmo||muGmoat−₄GwβtαGxβtroffi−nTnop−₄Gmar₂onGasGaGrβffiαlyGoffβ₃β−ntGol−₃tro₃atalystG
forGyxyffi−nGR−₄u₃tβonGR−a₃tβonGan₄Gry₄roffi−nGovolutβonGR−a₃tβonUG2022SGXWSG]cb_T]cca 1

137 mal₃βn−₄GmoOssPTmα−lat−₄Gzolyazom−tαβn−GasGmatαo₄−GmatalystGofGknβonGox₃αanffi−Gw−m₂ran−Gpu−lG
m−llsUUG2022SGX[SG 2

136 xGan₄GzG₄ualGα−t−roatomG₄op−₄Gm−soporousGαollowG₃ar₂onGasGanG−ffβ₃β−ntGoxyffi−nGr−₄u₃tβonG
r−a₃tβonG₃atalystGβnGalδalβn−G−l−₃trolyt−UG2022SG 6

135 sronGSβnffil−GktomsGkn₃αor−₄GonGxβtroffi−nTnop−₄Gmar₂onGwatrβxVxanotu₂−Gry₂rβ₄GSupportsGforG
ox₃−ll−ntGyxyffi−nGR−₄u₃tβonGzrop−rtβ−sUUG2022SGXYSG 0

134 smβ₄azol−Two₄βfβ−₄GvβffinβnGasGaGSuβta₂l−GSu₂strat−GforGSyntα−sβsGofGxGan₄GSGmoTnop−₄Gmar₂onG
Support−₄Gmo₂altGSulfβ₄−GnualTpun₃tβonalGol−₃tro₃atalystGforGyv−rallG—at−rGSplβttβnffiUGYYWWW_W 0

133 snTsβtuGffirowtαGofGxjwoyYGmβ₃roflow−rsGonG₃ar₂onG₃lotαGforGαβffiαTp−rforman₃−Gano₄−sGβnGmβ₃ro₂βalG
fu−lG₃−llsUG2022SGXWab_c 0

132 nualGoptβmβzatβonGstrat−ffiyGtoG₃onstru₃tGαβ−rar₃αβ₃alGr−tβ₃ulat−₄GporousGfram−worδGwβtαG−nrβ₃α−₄G
p−Tx Ga₃tβv−Gsp−₃β−sGforGtα−GαβffiαlyG−ffβ₃β−ntGoxyffi−nGr−₄u₃tβonGr−a₃tβonUG2022SG[aSGX_b[WTX_b]X 0

131 n−sβffinGofG−ffβ₃β−ntG°spT₄−rβv−₄Gnβtroffi−nGan₄GsulfurG₃oT₄op−₄Gnano₃ar₂onsGtowar₄Goxyffi−nGr−₄u₃tβonG
tαrouffiαGαostâ��ffiu−stGr−a₃tβonsUGX 0

130 zyrβmβ₄βn−Tassβst−₄Gsyntα−sβsGofGSSGxT₃o₄op−₄Gf−wTlay−r−₄Gffirapα−n−GforGαβffiαlyG−ffβ₃β−ntGαy₄roffi−nG
p−roxβ₄−Gpro₄u₃tβonGβnGa₃β₄UG2022SG 0

129 “α−GyRRGa₃tβvβtyGofGnβtroffi−nG₄op−₄Tr−₄u₃−₄Gffirapα−n−Goxβ₄−G₂−lowG₄−₃omposβtβonGt−mp−ratur−G
₃oop−rat−₄GwβtαG₃o₂altGpr−par−₄G₂yGstronffiG−l−₃trostatβ₃Ga₄sorptβonGt−₃αnβqu−UG2022SGcX]SGXX_Z__ 0

128 snsβffiαtGβntoGtα−G−ff−₃tGofG₃layGmβn−ralGstru₃tur−GonG₃layT₄−rβv−₄GxT₄op−₄G₃ar₂onGmat−rβalsGan₄Gtα−βrG
−ffβ₃β−ntG−l−₃tro₃atalytβ₃Gp−rforman₃−UG2022SGZXSGXWYWWW 1

127 xor₂ornan−G₄−rβv−₄GxT₄op−₄GspYG₃ar₂onGfram−worδGasGanG−ffβ₃β−ntG−l−₃tro₃atalystGforGoxyffi−nG
r−₄u₃tβonGr−a₃tβonGan₄Gαy₄roffi−nG−volutβonGr−a₃tβonUG2022SGZYZSGXY[[YW 0

126 rβffiαT–oltaffi−GR−₄oxGw−₄βatorGofGanGyrffianβ₃Gol−₃trolyt−GforGSup−r₃apa₃βtorsG₂yGv−wβsGlas−G
ol−₃tro₃atalysβsUUG2022SG 1

125 ol−₃tro₃atalysβsGwβtαGm−talTfr−−G₃ar₂onT₂as−₄G₃atalystsUG2022SGYXZTY[[

124 Sβmultan−ousG₄−ffira₄atβonGofGtra₃−Gantβ₂βotβ₃sGβnGwat−rG₂yGa₄sorptβonGan₄G₃atalytβ₃Goxβ₄atβonG
βn₄u₃−₄G₂yGxT₄op−₄Gr−₄u₃−₄Gffirapα−n−Goxβ₄−GOxTrqyPdGsyn−rffiβstβ₃Gm−₃αanβsmUG

123 nβr−₃tβonalGsntro₄u₃tβonGofGzyrβ₄βn−Gxβtroffi−nGpun₃tβonalGqroupsGβnGk₃tβvat−₄Gmar₂onGmatalystsGforG
tα−Gmatalytβ₃Gzro₄u₃tβonGofGry₄roffi−ndGknGoxp−rβm−ntalGan₄GnftGmal₃ulatβonUG

122 zalla₄βumâ��mo₂altGlβm−tallβ₃Gxanopartβ₃l−sGSupport−₄GonGxβtroffi−nTnop−₄Gqrapα−n−GasGoffβ₃β−ntG
ol−₃tro₃atalystGforGyxyffi−nGR−₄u₃tβonUG

121 o₄ffi−TRβ₃αGqrapα−n−Gxanopα−r−sG—βtαG”ltraTrβffiαGxβtroffi−nGvoa₄βnffi´ w−talTpr−−Gol−₃tro₃atalystsGporG
loost−₄Gyxyffi−nGR−₄u₃tβonUG
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120 ”nzβppβnffiGw—mx“sGforG₃ontroll−₄G−₄ffi−TGan₄Gα−t−roatomT₄−f−₃tsGβnGr−v−alβnffiGtα−βrGrol−sGβnG
ffiasTpαas−Goxβ₄atβv−G₄−αy₄roffi−natβonGofG−tαanolGtoGa₃−tal₄−αy₄−UG2022SG[[_SGXZaX]W 1

119 xTGan₄GlT₄op−₄Gfull−r−n−GasGp−roxβ₄as−TGan₄G₃atalas−Tlβδ−Gm−talTfr−−Gnanozym−sGwβtαG
prTswβt₃αa₂l−G₃atalytβ₃Ga₃tβvβtydGkGfβrstTprβn₃βpl−sGapproa₃αUG2022SG]cbSGX]ZaX] 2

118 yxyffi−nGr−₄u₃tβonGr−a₃tβonG₂yGm−talTfr−−G₃atalystsUG2022SGY[XTYa]

117 “α−GβnGsβtuGβnv−stβffiatβonGofGtα−Gpolyanβlβn−T₄−rβv−₄GxT₄op−₄G₃ar₂onGwβtαGtα−Gβnt−r₄βffiβtat−₄GarrayG
−l−₃tro₄−sGtowar₄sGtα−Goxyffi−nGr−₄u₃tβonGr−a₃tβonUG

116 z–zTkssβst−₄GsronTnop−₄G°spTbGasGanGoffβ₃β−ntGp−TxTmGyxyffi−nGR−₄u₃tβonGol−₃tro₃atalystGforG°βn₃TkβrG
latt−rβ−sUG

115 zro₂βnffiGtα−Gyxyffi−nGR−₄u₃tβonGR−a₃tβonGsnt−rm−₄βat−sGan₄Gnynamβ₃Gk₃tβv−GSβt−GStru₃tur−sGofG
wol−₃ularGan₄Gzyrolyz−₄Gp−â��xâ��mGol−₃tro₃atalystsG₂yGsnGSβtuGRamanGSp−₃tros₃opyUGabXXTabYW 9

114 zr−paratβonGofGp−VmTwtGmomposβt−GmatalystGan₄Gyfloxa₃βnGR−movalG₂yGz−roxymonosulfat−G
k₃tβvatβonUG2022SGXYX][b 0

113 las−Ttyp−Gnβtroffi−nG₄opβnffiGβnGz−olβt−Tt−mplat−₄G₃ar₂onGforG−nαan₃−m−ntGofG₃ar₂onG₄βoxβ₄−G
sorptβonUG2022SG_YSGXWYWb[ 1

112 loronGan₄Gnβtroffi−nG₃oT₄op−₄GporousG₃ar₂onGnanospα−r−sGforGoxβ₄atβv−G₄−αy₄roffi−natβonGofG−tαan−G
toG−tαyl−n−UG2022SGXcaSGXYWTXYb 0

111 moVxGxanopartβ₃l−sGSupport−₄GonGaGmZn[Vzoly₄opamβn−Gpram−worδGasGaGlβfun₃tβonalG
ol−₃tro₃atalystGforGR−₃αarffi−a₂l−G°βn₃TkβrGlatt−rβ−sUG

110 pr−−stan₄βnffiG–ana₄βumGxβtrβ₄−Gxanowβr−Vxβtroffi−nTnop−₄Gqrapα−n−Gzap−rGwβtαGrβ−rar₃αβ₃alGzor−G
Stru₃tur−GforGksymm−trβ₃GSup−r₃apa₃βtorGkno₄−UG

109 offβ₃β−nt´ k₃tβvatβon´ yfGz−roxymonosulfat−G₂yGmo₂alt´ kn₄Gxβtroffi−nTnop−₄GzorousGmar₂onG´ porG
z−rfluoroo₃tanoβ₃Gk₃β₄´ n−ffira₄atβond´ “α−GSyn−rffiβsmGz−rforman₃−Gan₄Gw−₃αanβsm´ yfGmoGan₄GxUG

108 loostβnffiG₂βfun₃tβonalGoxyffi−nG−l−₃tro₃atalysβsGofGffirapαβtβ₃GmZx[GusβnffiGnonT₃oval−ntlyG
fun₃tβonalβz−₄GnonToxβ₄βz−₄Gffirapα−n−Ga−roffi−lsGasG₃atalystGsupportsUG 0

107 nopβnffiGofGqrapα−n−GpβlmsdGyp−nGtα−GwayGtoGkpplβ₃atβonsGβnGol−₃tronβ₃sGan₄Gypto−l−₃tronβ₃sUGYYWZXac 4

106 xonTzr−₃βousGw−talTnop−₄Gmar₂onGwat−rβalsGn−rβv−₄GpromGzorpαyrβnTlas−₄GzorousGyrffianβ₃G
zolym−rsGforGyxyffi−nGR−₄u₃tβonGol−₃tro₃atalysβsUG2022SGbaSG

105 kGr−xaffionalGxutTvβδ−Gw−talâ��yrffianβ₃Gpram−worδGan₄GstsGmonformalG“ransformatβonUGYYWZZ]_

104 lβm−tallβ₃Gpolyoxom−talat−G₄−rβv−₄GmoV—xG₃omposβt−GasG−l−₃tro₃atalystGforGαβffiαT−ffβ₃β−n₃yG
αy₄roffi−nG−volutβonUG2022SG 0

103 qrapα−n−Tlas−₄Gwat−rβalsGforGol−₃tro₃atalysβsUG2022SGY[]TYaZ
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102 ol−₃trβ₃Gpβ−l₄Gzolarβz−₄Gp−â��xGpun₃tβonalβz−₄Gqrapα−n−Gyxβ₄−Gxanosα−−tGmatalystGforGoffβ₃β−ntG
yxyffi−nGR−₄u₃tβonGR−a₃tβonUG2022SGaSG

101 xSGST₃oT₄opβnffiGofGa₃tβvat−₄G₂βo₃αarGfromGα−r₂Gr−sβ₄u−GforG−nαan₃−₄G−l−₃tro₃atalytβ₃Gp−rforman₃−G
towar₄Goxyffi−nGr−₄u₃tβonGr−a₃tβonUG2022SGX__SGXW]_W_ 1

100 r−xam−tαyl−n−t−tramβn−T₄−rβv−₄Gpyrβ₄βnβ₃GxGa₂un₄antGporousG₃ar₂onTsupport−₄GmoVmoTxxG
nanopartβ₃l−sGasGαβffiαlyG−ffβ₃β−ntGoxyffi−nGr−₄u₃tβonG₃atalystGan₄Gzβn₃TaβrG₂att−ryG₃atαo₄−UG2022SGXcSGXWWXbW 1

99 snt−rfa₃βalG−l−₃tronGmo₄ulatβonGofGmuYyG₂yGmoZy[G−m₂−₄₄−₄GβnGαollowG₃ar₂onG₃u₂−Gsδ−l−tonGforG
₂oostβnffiGoxyffi−nGr−₄u₃tβonVr−volutβonGr−a₃tβonsUG2022SG[]WSGXZac_X 1

98 ol−₃tro₃atalytβ₃Gq−n−ratβonGofGmatαo₄β₃GvumβnolGol−₃tro₃α−mβlumβn−s₃−n₃−GwβtαGmar₂onβz−₄G
zoly₄opamβn−Gxanotu₂−sGatGaGvowGzosβtβv−Gzot−ntβalUG 0

97 uβn−tβ₃Gnβaffinostβ₃sGan₄GSyntα−tβ₃Gn−sβffinGofGzlatβnumGqroupGw−talTpr−−Gol−₃tro₃atalystsGforGtα−G
yxyffi−nGR−₄u₃tβonGR−a₃tβonG”sβnffiGR−a₃tβvβtyGwapsGan₄GSβt−G”tβlβzatβonGn−s₃rβptorsUG2022SGX[[SGXZ[baTXZ[cb 2

96 zromβsβnffiGxSGzGmoT₄op−₄GzorousGmar₂onGwat−rβalsGasGw−talTpr−−Gol−₃tro₃atalystGforGyxyffi−nG
R−₄u₃tβonGR−a₃tβonGβnGklδalβn−Gw−₄βumUG2022SGaSG

95 moT₄op−₄Gm−yYVxâ��mGnanoro₄sGasGaG₂βfun₃tβonalGoxyffi−nG−l−₃tro₃atalystGan₄GβtsGapplβ₃atβonGβnG
r−₃αarffi−a₂l−G°nTaβrG₂att−rβ−sUG2022SGZZSG[X][W[ 0

94 wo₄ulatβonGofGvβffian₄Gpβ−l₄sGβnGaGSβnffil−TktomGSβt−G₂yGtα−Gwolt−nGSaltGStrat−ffiyGforGonαan₃−₄Gyxyffi−nG
lβfun₃tβonalGk₃tβvβtyGforG°βn₃TkβrGlatt−rβ−sUG2022SGX_SGXXc[[TXXc]_ 3

93
yn−Tst−pGsyntα−sβsGofGnβtroffi−nT₄op−₄Gf−wTlay−rGffirapα−n−Gstru₃tur−sG₄−₃orat−₄GwβtαG
wnXU]moXU]y[Gnanopartβ₃l−sGforGαβffiαlyG−ffβ₃β−ntG−l−₃tro₃atalysβsGofGoxyffi−nGr−₄u₃tβonGr−a₃tβonUG
2022SGZYSG[cYT[c[

92 Stat−TofTtα−TartGan₄G₄−v−lopm−ntalGtr−n₄sGβnGplatβnumGffiroupGm−talTfr−−G₃atαo₄−G₃atalystGforGanβonG
−x₃αanffi−Gm−m₂ran−Gfu−lG₃−llGOkowpmPUG2022SGXYXaZZ 2

91 lβomassTn−rβv−₄Gk₄van₃−₄Gmar₂onTlas−₄Gol−₃tro₃atalystsGforGyxyffi−nGR−₄u₃tβonGR−a₃tβonUG2022SGYSGX]]TXaa 1

90 R−vβ−wGofGrYSGs−l−₃tβv−Goxβ₄atβonGov−rG₃ar₂onT₂as−₄Gmat−rβalsGatGlowGt−mp−ratur−dGfromGpollutantG
toG−n−rffiyGstoraffi−Gmat−rβalsUG2022SGZaSG_a]T_c[ 1

89 zr−paratβonGofGnβtroffi−nT₄op−₄Gn°–sV₂βo₃αarG₂yG₃α−mβ₃alGmo₄βfβ₃atβonGan₄GβtsGa₃tβvat−₄G
p−roxymonosulfat−GtoG₄−ffira₄−Gplorf−nβ₃olUG

88 °nSTassβst−₄G−volutβonGofGxSST₄op−₄Gαβ−rar₃αβ₃alGporousG₃ar₂onGnanofβ₂−rGm−m₂ran−GwβtαGαβffiαlyG
−xpos−₄Gp−Tx[VmGsβt−sGforGr−₃αarffi−a₂l−G°nTaβrG₂att−ryUG2022SG 0

87 moVxGnanopartβ₃l−sGsupport−₄GonGaGmZx[Vpoly₄opamβn−Gfram−worδGasGaG₂βfun₃tβonalG
−l−₃tro₃atalystGforGr−₃αarffi−a₂l−Gzβn₃TaβrG₂att−rβ−sUG2022SGcYXSGXX_aWY

86 xT₄op−₄G₃ar₂onGnanosα−−tsG₄−rβv−₄GfromGlβffinβnGasGaGnov−lG₂βfun₃tβonalG−l−₃tro₃atalystGforG
r−₃αarffi−a₂l−Gzβn₃TaβrG₂att−ryUG2022SGXYbSGXWcYcX 1

85 xT₄op−₄Gαβ−rar₃αβ₃allyGporousG₃ar₂onG₂as−₄GonGwnyYGnanotu₂−sGasGs−lfTsa₃rβfβ₃βalGr−a₃tβonG
t−mplat−sGforGsup−r₃apa₃βtorsGan₄Goxyffi−nGr−₄u₃tβonUG2022SGcY_SGX__b]_ 0
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84 —oo₄T₄−rβv−₄GporousG₃ar₂onGsupport−₄G˛‡Tp−YyZGnanopartβ₃l−sGasG−ffβ₃β−ntG₃atalystGforGoxyffi−nG
r−₄u₃tβonGr−a₃tβonUG2022SG_W[SGX][[aX 0

83 “aβlorβnffiGtα−Gs−l−₃tβvβtyGan₄Ga₃tβvβtyGofGoxyffi−nGr−₄u₃tβonG₂yGr−ffiulatβnffiGtα−G₃oor₄βnatβonG
−nvβronm−ntsGofG₃ar₂onTsupport−₄Gatomβ₃allyG₄βsp−rs−₄Gm−talGsβt−sUG2022SGXWSGXac[bTXac_a 3

82 xT₄op−₄Gffirapα−n−GforG−l−₃tro₃atalytβ₃GyYGan₄GmyYGr−₄u₃tβonUG 0

81 kGSβmpl−Gw−tαo₄GforGzr−paratβonGofGrβffiαlyGmon₄u₃tβv−Gxβtroffi−nVzαospαorusTnop−₄Gmar₂onG
xanofβ₂−rGpβlmsUG2022SGX]SG]c]] 1

80 zoly₄opamβn−Tn−rβv−₄GsronTnop−₄GrollowGmar₂onGxanoro₄sGasGanGoffβ₃β−ntGlβfun₃tβonalG
ol−₃tro₃atalystGforGSβmultan−ousGq−n−ratβonGofGry₄roffi−nGan₄Gol−₃trβ₃βtyUG2022SGZ_SGXXY[]TXXY_W 0

79 R−₃αarffi−a₂l−Glatt−rβ−sGforGqrβ₄GS₃al−Gon−rffiyGStoraffi−UG 14

78 Surfa₃−Gαy₄roxyGfun₃tβonalβz−₄GztVffiTmZx[TmxSGforGαβffiαlyG−ffβ₃β−ntGm−tαanolG−l−₃tro₃atalytβ₃G
oxβ₄atβonUG2022SG]ZWSGXXY_Zb 0

77 sronGan₄Gxβ₃δ−lGzαtαalo₃yanβn−Two₄βfβ−₄Gxano₃ar₂onGwat−rβalsGasGmatαo₄−GmatalystsGforG
knβonTox₃αanffi−Gw−m₂ran−Gpu−lGm−llsGan₄G°βn₃TkβrGlatt−rβ−sQQUG 1

76 w−talTorffianβ₃Gfram−worδsG₄−rβv−₄GmoVxT₄op−₄G₃ar₂onGnanon−₃δla₃−sGasGαβffiαT−ffβ₃β−ntGoxyffi−nG
r−₄u₃tβonGr−a₃tβonG−l−₃tro₃atalystsUG2022SG 2

75 ol−₃trostatβ₃GSpβnnβnffiGStrat−ffiyGtoGzr−par−Gmaffi−Tlβδ−GzkxTpβ₂−rGx−tworδT—rapp−₄Gmoâ��xâ��mG
Stru₃tur−sGforGtα−Gyxyffi−nGR−₄u₃tβonGR−a₃tβonUG 0

74 Surfa₃−Gk₃tβv−TSβt−Gonffiβn−−rβnffiGβnGxβmoS−YVxβtroffi−nTnop−₄Gmar₂onGno₄−₃aα−₄ronsGforGoffβ₃β−ntG
“rββo₄β₄−GR−₄u₃tβonGβnGzαotovoltaβ₃sUG2022SGX]][bZ 0

73 yδraTvβδ−Gwultβ₃αann−lG“βyjxmGpβ₂−rsGw−m₂ran−GwβtαGSpatβalGan₄Gmα−mβ₃alGR−strβ₃tβonGonG
Sαuttl−Toff−₃tGforGvβtαβumâ��SulfurGlatt−rβ−sUG 0

72 rβffiαlyGStronffiGsnt−ra₃tβonG₂−tw−−nGp−Vp−GZGmGxanopartβ₃l−sGan₄GxTnop−₄Gmar₂onGtowar₄Gonαan₃−₄G
yxyffi−nGR−₄u₃tβonGR−a₃tβonGz−rforman₃−UGYYWWX[X 0

71 n−sβffinGofGyxyffi−nGR−₄u₃tβonGmatalystsGβnGzrβmaryG°βn₃â��kβrGlatt−rβ−sUG2022SGZ]T_a 1

70 ry₂rβ₄Gmar₂onGSupportsGmompos−₄GofGSmallGR−₄u₃−₄Gqrapα−n−Gyxβ₄−Gan₄Gmar₂onGxanotu₂−sGforG
nura₂l−Gyxyffi−nGR−₄u₃tβonGmatalystsGβnGzrotonGox₃αanffi−Gw−m₂ran−Gpu−lGm−llsUG2022SGYZSGXZZXY 1

69 pr−−stan₄βnffiG–ana₄βumGxβtrβ₄−Gxanowβr−Vxβtroffi−nT₄op−₄Gqrapα−n−Gzap−rGwβtαGrβ−rar₃αβ₃alGzor−G
Stru₃tur−GforGksymm−trβ₃GSup−r₃apa₃βtorGkno₄−UG2022SGX_ab]b 0

68 “α−Gpr−paratβonGofG₂βfun₃tβonalGmoTxG₃oT₄op−₄G₃ar₂onGwβtαG₂am₂ooTlβδ−GαollowGtu₂ularGasGanG
−ffβ₃β−ntG−l−₃tro₃atalystGforGoxyffi−nGr−₄u₃tβonGan₄Gm−tαanolGoxβ₄atβonGr−a₃tβonUG2022SGcY_SGXX_cXX 0

67 “una₂l−Ga₃tβv−Tsβt−sGofGmoâ��Gnanopartβ₃l−sG−n₃apsulat−₄GβnG₃ar₂onGnanofβ₂−rGasGαβffiαGp−rforman₃−G
₂βfun₃tβonalGyoRVyRRG−l−₃tro₃atalystUG2023SG_ZWSGX[WTX[c 0
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66 xSGSG₃oT₄op−₄G₃ar₂onGwβtαG−m₂−₄m−ntGofGp−xβGalloyGasG₂βfun₃tβonalGoxyffi−nG−l−₃tro₃atalystsGforG
r−₃αarffi−a₂l−G°βn₃TaβrG₂att−rβ−sUG2023SGYWYSGX[XTX[c 1

65 smportan₃−GofGpyrolysβsGproffiramsGβnG−nαan₃βnffiGtα−Gapplβ₃atβonGofGmβ₃roalffia−T₄−rβv−₄G₂βo₃αarGβnG
mβ₃ro₂βalGfu−lG₃−llsUG2023SGZZZSGXY_Y[[ 0

64 nβr−₃tβonalGβntro₄u₃tβonGofGpyrβ₄βn−Gnβtroffi−nGfun₃tβonalGffiroupsGβnGa₃tβvat−₄G₃ar₂onG₃atalystsGforGtα−G
₃atalytβ₃Gpro₄u₃tβonGofGαy₄roffi−ndGknG−xp−rβm−ntalGan₄Gnp“G₃al₃ulatβonUG2023SG[]ZSGXZca[[ 0

63 yrffianβ₃Glβffian₄Tfa₃βlβtat−₄GβnGsβtuG−xsolutβonGofGmop−GalloyGov−rGlaWU]SrWU]moWUbp−WUYyZGp−rovsδβt−G
towar₄G−nαan₃−₄Goxyffi−nG−l−₃tro₃atalysβsGforGr−₃αarffi−a₂l−G°nTaβrG₂att−rβ−sUG 0

62 Spβn−lGsronGyxβ₄−Gxanopartβ₃l−sGn−₃orat−₄GonGzyrβ₄βnβ₃TxGan₄Gmar₂onGSurfa₃−dGkGrβffiαlyGoffβ₃β−ntG
sn−xp−nsβv−Gol−₃tro₃atalystGforGyxyffi−nGR−₄u₃tβonGan₄Gyxyffi−nGovolutβonGo−a₃tβonsUG2022SGaSG 1

61 R−₃−ntGproffir−ssGβnGα−t−roatomG₄op−₄G₃ar₂onG₂as−₄G−l−₃tro₃atalystsGforGoxyffi−nGr−₄u₃tβonGr−a₃tβonG
βnGanβonG−x₃αanffi−Gm−m₂ran−Gfu−lG₃−llsUG2022SG 0

60 zr−paratβonGofGmoT₂as−₄GxT₄op−₄Gw−soTmβ₃roporousGmar₂onGforGry₄roffi−natβonGofGxβtroar−n−sUG
2022SGaSG 1

59 pa₃βl−Gstrat−ffiyGtoGsyntα−sβz−Gαβ−rar₃αβ₃alGporousG₃ar₂onG−n₃apsulat−₄Gp−Vp−ZmGnano₃omposβt−sG
towar₄G−ffβ₃β−ntGoxyffi−nGr−₄u₃tβonGr−a₃tβonUG2022SGX_bW_c 0

58 q−n−ralGkpproa₃αGtoGSyntα−sβz−Gwultβlay−rGqrapαβtβ₃Gmar₂onTxanotu₂−Ton₃apsulat−₄GxβmoGklloysGasG
“rβfun₃tβonalGol−₃tro₃atalystsdGn−₃βpα−rβnffiGtα−GRol−GofGxTnopantsUG 0

57
n−f−₃tsG−nffiβn−−r−₄Gαβ−rar₃αβ₃alGporousGβronTnβtroffi−nT−nrβ₃α−₄G₃ar₂onG₄−rβv−₄GfromGpyrβ₄ylG
₃onγuffiat−₄Gmβ₃roporousGpolytrβpα−nylamβn−Gn−tworδsGforG−ffβ₃β−ntGoxyffi−nGr−₄u₃tβonGr−a₃tβonUG
2022SGYY[SGXXXZ_W

0

56 knGov−rvβ−wGofGm−talTaβrG₂att−rβ−sSG₃urr−ntGproffir−ssSGan₄Gfutur−Gp−rsp−₃tβv−sUG2022SG]_SGXW_Wa] 0

55 w−talTorffianβ₃Gfram−worδsT₄−rβv−₄Ga₄van₃−₄Goxyffi−nG−l−₃tro₃atalystsGasGaβrT₃atαo₄−sGforG°nTaβrG
₂att−rβ−sdGR−₃−ntGtr−n₄sGan₄Gfutur−Gp−rsp−₃tβv−sUG 0

54 R−₃−ntGproffir−ssGβnGtα−G₄−v−lopm−ntGofG−ffβ₃β−ntG₂βomassT₂as−₄GyRRG−l−₃tro₃atalystsUG2023SGYWZSGYZaTY_W 1

53 wolt−nGsaltTm−₄βat−₄Gsyntα−sβsGofGporousGxT₄op−₄G₃ar₂onGasGanG−ffβ₃β−ntGyRRG−l−₃tro₃atalystGforG
zβn₃TaβrG₂att−rβ−sUG 1

52 °nOββPTwypG₄−rβv−₄GxT₄op−₄G₃ar₂onsGa₃αβ−v−Gmarδ−₄GyRRGa₃tβvβtyGβnGalδalβn−Gan₄Ga₃β₄β₃Gm−₄βaUG 0

51 knG−l−₃tronGâ��₄onorTa₃₃−ptorT₄onorâ��Gstrat−ffiyGtoGa₃tβvat−G°spT_aGasGaG₃atαo₄−Gmat−rβalGforGfu−lG₃−llG
an₄G°βn₃GsonGry₂rβ₄GSup−r₃apa₃βtorUG 0

50 “α−G−ff−₃tGofGpyrolysβsGt−mp−ratur−GonGtα−GxG₃onv−rsβonGofG₂βo₃αarG₄−rβv−₄GfromGtα−Gr−sβ₄u−GofG
mαlor−llaGvulffiarβsGaft−rGlβpβ₄G−xtra₃tβonUG2023SGX_cSGXW]bXW 0

49 vβffinβnT₄−rβv−₄G₂βm−tallβ₃GplatβnumGffiroupGm−talTfr−−Goxyffi−nGr−₄u₃tβonGr−a₃tβonG−l−₃tro₃atalystsGforG
a₃β₄Gan₄Galδalβn−Gfu−lG₃−llsUG2023SG]]_SGYZY[X_ 1
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48 RatβonalG₄−sβffinGofG₂oronTnβtroffi−nG₃oor₄βnat−₄Ga₃tβv−Gsβt−sGtowar₄sGoxyffi−nGr−₄u₃tβonGr−a₃tβonGβnG
alumβnumTaβrG₂att−rβ−sGwβtαGro₂ustGβnt−ffirat−₄GaβrG₃atαo₄−UG2023SG]]_SGYZY[a_ 0

47 kmβnoTfun₃tβonalβz−₄Gffirapα−n−Goxβ₄−Gm−m₂ran−sGforG−ffβ₃β−ntGs−paratβonGofGSrYRGβonsUG2023SG]XSGXWZZYc 0

46 offβ₃β−ntG₄βr−₃tG−l−₃tro₃atalysβsGofGnanoT₄o₄−₃aα−₄ronGforGtα−GαβffiαlyGs−nsβtβv−Gan₄Gs−l−₃tβv−G
₄−t−₃tβonGofGrutβnUG2023SGXb_SGXWbZZY 0

45 moTmo₄βfβ−₄Gpolyoxovana₄o₂orat−sG₄−rβv−₄GmoVlxTmx“V–xG₂as−₄G₂βfun₃tβonalG−l−₃tro₃atalystsGforG
r−₃αarffi−a₂l−Gzβn₃TaβrG₂att−rβ−sUG2023SG_Z[SG_a]T_bZ 0

44 kuGxanopartβ₃l−sGonGzoly₄opamβn−Gxanotu₂−sGforGonzym−Tvβδ−Gxanomat−rβalsGwβtαGsmprov−₄G
k₃tβvβtβ−sUG2022SG]SGXabaWTXabab 0

43
kuto₃atalytβ₃Gform−₄G₂am₂ooTlβδ−GxT₄op−₄G₃ar₂onGnanotu₂−sG−n₃apsulat−₄GwβtαGmoGnanopartβ₃l−sG
asGαβffiαlyG−ffβ₃β−ntG₃atalystGforGa₃tβvatβonGofGp−roxymonosulfat−Gtowar₄G₄−ffira₄atβonGofGt−tra₃y₃lβn−UG
2022SGXW][bY

0

42 —−tGSyntα−sβsGofGqrapα−n−Tzolypyrrol−Gxano₃omposβt−sGvβaGqrapαβt−Gsnt−r₃alatβonGmompoun₄sUG
2022SGXYSGXacZ 1

41 offβ₃β−ntGa₄sorptβonGan₄G₄−ffira₄atβonGofG₄y−sGfromGwat−rGusβnffiGmaffin−tβ₃G₃oval−ntGorffianβ₃G
fram−worδsGwβtαGaGpyrβ₄βnβ₃Gstru₃tur−UG 0

40 w−lamβn−T₄−rβv−₄G₃ar₂onGfoamTsupport−₄Gffirapα−n−â��moxβGnano₃omposβt−sGasGαβffiαTp−rforman₃−G
yoRGVGroRG₂βfun₃tβonalG−l−₃tro₃atalystsUG 0

39 RatβonalG₄−sβffinGofG₃ar₂onT₂as−₄G−l−₃tro₃atalystsGforG−nαan₃βnffiGr−₄oxGr−a₃tβonsGβnGr−₃αarffi−a₂l−G
m−talG₂att−rβ−sUG 1

38 xβtroffi−nG₄op−₄G₃ar₂ona₃−ousGmat−rβalsGasGplatβnumGfr−−G₃atαo₄−G−l−₃tro₃atalystsGforGoxyffi−nG
r−₄u₃tβonGr−a₃tβonGOyRRPUG 0

37 w−talTpr−−Gmar₂onGxanozym−GasGxβ₃otβnamβ₄−Gk₄−nβn−Gnβnu₃l−otβ₄−Gyxβ₄as−Gwβmβ₃Gov−rGaGlroa₄G
prGRanffi−GforGmo−nzym−GR−ffi−n−ratβonUG2022SGZ[SGXXWaYTXXWbW 0

36 q−n−ralGoutlooδGofGtα−G−la₂oratβonGofGnβtroffi−nG₄op−₄Gffirapα−nβ₃Gmat−rβalsGfromGtα−Gr−a₃tβonG
₂−tw−−nGanGamβnoGal₃oαolGan₄Gm−tallβ₃´ so₄βumUG2023SGYaSGXWXZ[Z 0

35 R−₃−ntGproffir−ssGβnGα−t−roatomT₄op−₄G₃ar₂onG−l−₃tro₃atalystsGforGtα−GtwoT−l−₃tronGoxyffi−nG
r−₄u₃tβonGr−a₃tβonUG2023SG[]_SGX[XW[Y 0

34 SulfurGwβsmat₃αGSu₂stβtutβonGβnGvay−r−₄Gnou₂l−Gry₄roxβ₄−sGasGoffβ₃β−ntGyxyffi−nGol−₃tro₃atalystsG
forGpl−xβ₂l−G°βn₃â��kβrGlatt−rβ−sUGYYXYYZZ 0

33 matαo₄−Gwat−rβalsGforGzrβmaryG°βn₃TkβrGlatt−ryUG2023SGYZT__ 0

32 xanoTmoT−m₂−₄₄−₄G₃ar₂onGnanofβ₂−rsGforGoxyffi−nGr−₄u₃tβonGr−a₃tβonGβnG°nTaβrG₂att−rβ−sUG2023SGYc_SGXYaYbc 0

31 r−t−rostru₃tur−Tβn₄u₃−₄G−nαan₃−₄Goxyffi−nG₃atalysβsG₂−αavβorG₂as−₄GonGm−talG₃o₂altG₃oupl−₄GwβtαG
₃ompoun₄Gan₃αor−₄GonGxT₄op−₄G₃ar₂onGnanofβ₂−rGforGmβ₃ro₂βalGfu−lG₃−llUG2023SG_Z_SGZW]TZX_ 0
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30 kffiGnanopartβ₃l−sGonGm−soporousG₃ar₂onGsupportGasG₃atαo₄−G₃atalystGforGanβonG−x₃αanffi−Gm−m₂ran−G
fu−lG₃−llUG2022SG 0

29 yxynβtrβ₄−GkmorpαousGmar₂onGvay−rGforGol−₃trβ₃allyGan₄G“α−rmallyGRo₂ustGlβpolarGR−sβstβv−G
Swβt₃αβnffiUGYYWXWcW 0

28 wanβpulatβnffiGtα−Gβnt−ra₃tβonGofGztGxzsGwβtαGxTαollowG₃ar₂onGspα−r−sG₂yGpT₄opβnffiGforG₂oostβnffiG
oxyffi−nGr−₄u₃tβonVm−tαanolGoxβ₄atβonGr−a₃tβonsUG 0

27 n−v−lopβnffiGSup−rβorGry₄ropαo₂β₃GZnGrβ−rar₃αβ₃alGol−₃tro₃atalystsGom₂−₄₄βnffiGk₂un₄antGmatalytβ₃G
Sp−₃β−sGforGrβffiαGzow−rGn−nsβtyG°nâ��kβrGlatt−ryUGYYW_W_a 0

26 mrTnop−₄GxβmoTvay−r−₄Gnou₂l−Gry₄roxβ₄−VxTnop−₄Gqrapα−n−GforGaGlβfun₃tβonalGol−₃tro₃atalystGforG
R−₃αarffi−a₂l−G°βn₃GkβrGlatt−rβ−sUG2023SGYWYZSGXTX[ 0

25 pa₃βl−Gsyntα−sβsGofGαollowG₃ar₂onGspα−r−sG₂yGffiasTst−am−₄G₂βfun₃tβonalGxr[pGforG−ffβ₃β−ntG₃atαo₄−sG
βnGmβ₃ro₂βalGfu−lG₃−llsUG2023SGYWaSGb_Tc[ 0

24 kGsβmpl−Gpr−paratβonGofGxT₄op−₄Gr−₄u₃−₄Gffirapα−n−Goxβ₄−GasGanG−l−₃tro₄−Gmat−rβalGforGtα−G
₄−t−₃tβonGofGαy₄roffi−nGp−roxβ₄−Gan₄Gffilu₃os−UG2023SG[[_SGX[YXXZ 0

23
SprayGpyrolysβsGfa₃βlβtat−₄G₃onstru₃tβonGofG₃ar₂onGnanotu₂−T−m₂−₄₄−₄GαollowGmop−G
−l−₃tro₃atalystsG₄−monstratβnffiG−x₃−ll−ntG₄ura₂βlβtyGan₄Ga₃tβvβtyGforGtα−Goxyffi−nGr−₄u₃tβonGr−a₃tβonUG
2023SGc[[SGX_cYZY

0

22 sronT₄op−₄Gnβ₃δ−lGsulfβ₄−Gnanopartβ₃l−sGffirownGonGxT₄op−₄Gr−₄u₃−₄Gffirapα−n−Goxβ₄−GasG−ffβ₃β−ntG
−l−₃tro₃atalystsGforGoxyffi−nG−volutβonGr−a₃tβonUG2023SGcZ_SGXXaZYZ 0

21 SβmplyG−m₂−₄₄βnffiG˛–Tp−YyZVp−Zy[Gnanopartβ₃l−sGβnGxT₄op−₄Gffirapαβtβ₃G₃ar₂onGpolyα−₄ronGlay−r−₄G
arraysGasG−x₃−ll−ntG−l−₃tro₃atalystGforGr−₃αarffi−a₂l−G°nTaβrG₂att−ryUG2023SGZXYSGXYZ[XZ 0

20 ol−₃tro₃atalytβ₃Gr−₄u₃tβonGofG₃ar₂onG₄βoxβ₄−GβnG₃onfβn−₄Gmβ₃rospa₃−GutβlβzβnffiGsβnffil−Gnβ₃δ−lGatomG
₄−₃orat−₄Gnβtroffi−nT₄op−₄G₃ar₂onGnanospα−r−sUG2023SGXXXSGXWbZb[ 0

19 Swβt₃αβnffiGtα−Glo₃usGofGoxyffi−nGr−₄u₃tβonGan₄G−volutβonGr−a₃tβonsG₂−tw−−nGspβn−lGa₃tβv−Gpαas−Gan₄G
₃ar₂onG₃arrβ−rGuponGα−t−roatomsG₄opβnffiUG2023SG[XbSGXX[W[Z 0

18 St−−rβnffiGtα−Goxyffi−nGr−₄u₃tβonGr−a₃tβonGpatαwaysGofGxT₃ar₂onGαollowGspα−r−sG₂yGα−t−roatomG
₄opβnffiUG2023SGZYaSGXYY[aW 0

17 “α−rmalG₂−αavβorsSGtα−rmalG₄−₃omposβtβonGm−₃αanβsmSGδβn−tβ₃Gmo₄−lGanalysβsGan₄Gtα−rmalGαazar₄G
pr−₄β₃tβonGofGZS_SaTtrβamβnoTarTG[XSYS[×trβazoloG[[SZT₂×G[XSYS[×trβazol−GO“k“y“PUG2023SGXac]X] 0

16 w−talTorffianβ₃Tfram−worδT₄−rβv−₄G₂βm−tallβ₃G₃ar₂onT₂as−₄G₃atalystsGasG−ffβ₃β−ntGoxyffi−nGr−₄u₃tβonG
r−a₃tβonG−l−₃tro₃atalystsUG2023SGc[bSGX_caYX 0

15 zr−paratβonGofGnβtroffi−nT₄op−₄Gn°–sV₂βo₃αarG₂yG₃α−mβ₃alGmo₄βfβ₃atβonGan₄GβtsGa₃tβvat−₄G
p−roxymonosulfat−GtoG₄−ffira₄−Gplorf−nβ₃olUG 0

14 vβffinβnT₄−rβv−₄G₄ualT₄op−₄G₃ar₂onGnano₃omposβt−sGasGlowT₃ostG−l−₃tro₃atalystsUG2023SG__ZSGXZXXW] 0

13 snsβffiαtsGβntoGxβtroffi−nT₄op−₄Gmar₂onGforGyxyffi−nGR−₄u₃tβondG“α−GRol−GofGqrapαβtβ₃Gan₄Gzyrβ₄βnβ₃G
xβtroffi−nGSp−₃β−sUG 0
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12 offβ₃β−ntGoxyffi−nGr−₄u₃tβonGusβnffiGaGpolymorpαβ₃Gtunffist−nG₃atalystUG2023SG[SGXWXYbb 0

11 off−₃tGofGxβtroffi−nTmontaβnβnffiGmar₂onGSα−llTmoat−₄Gmar₂onGSupportGonGtα−Gmatalytβ₃Gz−rforman₃−G
ofGzlatβnumâ��mo₂altGklloyGmatalystGforGyxyffi−nGR−₄u₃tβonUG2023SGZaSGZcbWTZccW 0

10 zot−ntGmαarffi−T“rappβnffiGforGloost−₄Gol−₃tro₃atalytβ₃Gyxyffi−nGR−₄u₃tβonUGYYWZc_Z 0

9
qβvβnffiGx−wGvβf−GtoG—ast−Gmβffiar−tt−GluttsdG“ransformatβonGβntoGzlatβnumGqroupGw−talTpr−−G
ol−₃tro₃atalystsGforGyxyffi−nGR−₄u₃tβonGR−a₃tβonGβnGk₃β₄SGx−utralGan₄Gklδalβn−Gonvβronm−ntUG2023SG
XZSG_Z]

0

8 RatβonalGpa₂rβ₃atβonGofGn−f−₃tTRβ₃αGan₄Grβ−rar₃αβ₃allyGzorousGp−TxTmGxanosα−−tsGasGrβffiαlyGoffβ₃β−ntG
yxyffi−nGR−₄u₃tβonGol−₃tro₃atalystsGforG°βn₃TkβrGlatt−ryUG2023SGYbSGYbac 0

7 mar₂onTlas−₄Gol−₃tro₄−sGforGk₄van₃−₄G°βn₃TkβrGlatt−rβ−sdGyxyffi−nTmatalytβ₃GSβt−GR−ffiulatβonGan₄G
xanostru₃tur−Gn−sβffinUG2023SG_SG 0

6 k₄van₃−sGan₄Gz−rsp−₃tβv−GofGxo₂l−Tw−talTpr−−Gxβtroffi−nTnop−₄Gmar₂onGforGprT”nβv−rsalGyxyffi−nG
R−₄u₃tβonGR−a₃tβonGmatalystsUG2023SGZaSG[b]bT[baa 0

5 xT₄op−₄GqyG₃atαo₄−G₃atalystG₂oostβnffiG₃apa₃βtyGofG₄−nβtrβfβ₃atβonGforGaβrT₃atαo₄−Gmβ₃ro₂βalGfu−lG₃−llG
₂yGsαβftβnffiGmβ₃ro₂βalG₃ommunβtyG₃omposβtβonGβnGtr−atβnffiGmarβn−Gwast−wat−rUG2023SG]ZSGXWZ_ba 0

4 Syntα−sβsGofG₃ar₂onGmat−rβalsGwβtαG−xtr−m−lyGαβffiαGpyrβ₄βnβ₃Tnβtroffi−nG₃ont−ntGan₄G₃ontroll−₄G−₄ffi−sG
fromGaromatβ₃G₃ompoun₄sGwβtαGαβffiαlyGsymm−trβ₃Gsδ−l−tonsUG 0

3 R−₃−ntGk₄van₃−sSGzrop−rtβ−sSGpa₂rβ₃atβonGan₄Gypportunβtβ−sGβnG“woTnβm−nsβonalGwat−rβalsGforGtα−βrG
zot−ntβalGSustaβna₂l−Gkpplβ₃atβonsUG2023SGXWYabW 0

2 R−₄u₃−₄Gffirapα−n−Goxβ₄−Gsupport−₄Gp−YlGasGro₂ustG₃atalystsGforGoxyffi−nGr−₄u₃tβonGr−a₃tβonUG2023SG 0

1 “woTnβm−nsβonalGzolypαospαaz−n−Gxanosα−−tTn−rβv−₄GxSzGnou₂lyGnop−₄Gmar₂onGxanotu₂−sGforG
ol−₃tro₃atalytβ₃Gyxyffi−nGR−₄u₃tβonUG 0
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