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658 oβΑαQp−rforman₃−D₃ount−rD−π−₃tro₄−D₂as−₄DonDnβtroΑ−nQ₄op−₄DporousD₃ar₂onDnanorβ₂₂onsDforD
quantumD₄otQs−nsβtβz−₄DsoπarD₃−ππsRD2020PDXXPDZYVVQZYWT 0

657 ma₃βπ−Dan₄Ds₃aπa₂π−DΑr−−nDsyntα−sβsDofDuQ₄op−₄DΑrapα−n−SjuTsDnano₃omposβt−sDvβaD₂aππDmβππβnΑRD
2021PDUVPDUTU[QUTVX 8

656 hDΑr−−nDm−tαo₄DforDuβtroΑ−nQ₄op−₄DΑrapα−n−Dan₄DβtsDappπβ₃atβonDforDoxyΑ−nDr−₄u₃tβonDr−a₃tβonDβnD
aπδaπβn−Dm−₄βaRD2021PDWZPDXZQYW 14

655 vv−raππDvxyΑ−nDlπ−₃tro₃ataπysβsDonDuβtroΑ−nQto₄βfβ−₄Djar₂onDjataπystsaDp₄−ntβfβ₃atβonDofDh₃tβv−D
zβt−sDan₄DpnDzβtuDv₂s−rvatβonDofDy−a₃tβv−Dpnt−rm−₄βat−sRD2021PDZTPDWV__QWWTZ 11

654 lnαan₃−₄D−π−₃tro₃ataπytβ₃Dp−rforman₃−DofDnβtroΑ−nQDan₄DpαospαorousQfun₃tβonaπβz−₄D₃ar₂onDf−πtD
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653 m−VvWSuD₄op−₄DrnvDano₄−Dαy₂rβ₄βz−₄DwβtαDuβjoDskoSjoLvoMVD₃atαo₄−DforD₂att−ryQπβδ−D
sup−r₃apa₃βtorRD2021PDXTWPDUVZWVY 41

652 nrapα−n−Qπβδ−DijZuDnanosα−−tsDar−Dpot−ntβaπD₃an₄β₄at−sDforD₄−t−₃tβonDofDvoπatβπ−DorΑanβ₃D
₃ompoun₄sDL“vjsMDβnDαumanD₂r−atαaDhDkmTDstu₄yRD2021PDYWZPDUX[[YZ 24

651 kβs₃ar₄−₄Dantβ₂βotβ₃Dmy₃−πβaπDr−sβ₄u−sD₄−rβv−₄DnβtroΑ−nQ₄op−₄DporousD₃ar₂onDforD−π−₃tro₃α−mβ₃aπD
−n−rΑyDstoraΑ−Dan₄Dsβmuπtan−ousDr−₄u₃tβonDofDantβ₂βotβ₃Dr−sβstan₃−DΑ−n−sLhynsMRD2021PDU_VPDUUTVZU 1

650 h₃tβvatβonDofDp−roxymonosuπfat−D₂yDjom−uβDπay−r−₄D₄ou₂π−Dαy₄roxβ₄−SΑrapα−n−Doxβ₄−DLskoSnvMD
forDtα−D₄−Αra₄atβonDofDΑatβfπoxa₃βnRD2021PDVYYPDUU[Z]Y 20

649 h₃₃or₄βonQπβδ−D₃omposβt−DofD₃ar₂onQ₃oat−₄Dm−WvXDnanopartβ₃π−D₄−₃orat−₄DTβWjVDt–−n−DwβtαD
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648 Tα−rmaπDr−movaπDofDpartβaπDnβtroΑ−nDatomsDβnDuQ₄op−₄DΑrapα−n−DforD−nαan₃−₄D₃ataπytβ₃Doxβ₄atβonRD
2021PDY]YPDZXTQZX] 9

647 jo₂aπtQ−m₂−₄₄−₄Df−wQπay−r−₄D₃ar₂onDnanosα−−tsDtowar₄D−nαan₃−₄Dαy₄roΑ−nD−voπutβonaDyatβonaπD
₄−sβΑnDan₄DβnsβΑαtDβntoDstru₃tur−Qp−rforman₃−D₃orr−πatβonRD2021PDY]PDUYZQUZU

646 uβtroΑ−nâ��pαospαorusD₃oQ₄op−₄DporousD₃ar₂onDusβnΑDβonβ₃Dπβquβ₄sDasDaD₄uaπDfun₃tβonaπDaΑ−ntDforD
αβΑαQp−rforman₃−DπonΑQπβf−DπβtαβumDβonD₂att−rβ−sRD2021PDV[PD_[QUTY 1

645 ’πtrafastDmβ₃rowav−Qassβst−₄Dsyntα−sβsDofDαβΑαπyDnβtroΑ−nQ₄op−₄Dor₄−r−₄Dm−soporousD₃ar₂onRD2021
PDWUTPDUUTZW_ 11

644 zβQ₄op−₄DΑrapα−n−Dnanosα−−tsDforDuvxDΑasDs−nsβnΑRD2021PDWV]PDUV_TTY 17

643 hn₃αorβnΑDofDTransβtβonDt−taπsDtoDnrapα−n−Dk−rβvatβv−sDasDanDlffβ₃β−ntDhpproa₃αDforDk−sβΑnβnΑD
zβnΑπ−QhtomDjataπystsRD2021PD]PDVTTUW_V 5

642 lnαan₃−₄D−π−₃tro₃α−mβ₃aπDp−rforman₃−DofDsup−r₃rβtβ₃aπDfπuβ₄Daβ₄−₄DwQ₄op−₄DΑrapα−n−Dnanofπaδ−sD
₂yDpWâ��Spâ��Dr−₄oxD₃oupπ−RD2021PDWWPDUTVT]Y 3

641 oβΑαDt−mp−ratur−Dnanom−₃αanβ₃aπDan₄Dnanotrβ₂oπoΑβ₃aπD₂−αavβorDofDsu₂QYDnmDnβtroΑ−nQ₄op−₄D
₃ar₂onDov−r₃oatDfβπmsRD2021PDYWYPDUX[ZZV 5

640 z₃aπa₂π−Dpr−paratβonDofDw₄S₂a₃t−rβaQrnvLjuTPDr−tγ−nMD₃omposβt−sDforD−ffβ₃β−ntDoxyΑ−nDr−₄u₃tβonD
₃ataπystRD2021PDXZPDYZZXQYZ[Z 1

639 iβo₃αarD₃ataπyz−₄D₄−₃απorβnatβonDQD”αβ₃αD₂βo₃αarDprop−rtβ−sDmatt−rfRD2021PDXTZPDUVX[VX 10

638 nrapα−n−Dmat−rβaπsDforDtα−D−π−₃tro₃ataπystsDus−₄DforDfu−πD₃−ππsDan₄D−π−₃troπyz−rsRD2021PDW]_QXUY

637 zyntα−sβsDm−tαo₄sDofD₂oropα−n−PDΑrapα−n−Qπoa₄−₄Dpoπypyrroπ−Dnano₃omposβt−sDan₄Dtα−βrD₂−n−fβtsD
forD−n−rΑyDstoraΑ−Dappπβ₃atβonsaDhD₂rβ−fDov−rvβ−wRD2021PDVZPDUTTVUU 6
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633 TβvVDnanopartβ₃π−D−m₂−₄₄−₄DnβtroΑ−nD₄op−₄D−π−₃trospunDα−πβ₃aπD₃ar₂onDnanofβ₂−rQ₃ar₂onD
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m−taπDsu₂strat−sRD2021PDU[XPD[[VQ[]] 23

626 yoπ−DofDnanomat−rβaπsDan₄Dsurfa₃tantsDforDtα−Dpr−paratβonDofDΑrapα−n−Dnanofπuβ₄aDhDr−vβ−wRD2021PD
XXPDUUWZQUUXW 4

625 n−samtQzau−rstoffQlπ−δtroδataπys−DaufDstβ₃δstoffmo₄βfβzβ−rt−nDroαπ−nstoffδataπysator−naD
p₄−ntβfβzβ−runΑDaδtβv−rD −ntr−nDun₄DpnQsβtuQi−o₂a₃αtunΑDr−aδtβv−rD wβs₃α−npro₄uδt−RD2021PDUWWPDWWWZQWWXW 2

624 lff−₃tDofDuQrnvDk−₃oratβonDonDtα−Dztru₃tur−Dan₄Dvptβ₃aπDwrop−rtβ−sDofD”vWDuanopπat−sRD2021PDYTPD_ZTQ_Z[

623 pnv−stβΑatβonDonDtuna₂π−D−π−₃tronβ₃Dprop−rtβ−sDofDs−mβ₃on₄u₃tβnΑDΑrapα−n−Dβn₄u₃−₄D₂yD₂oronDan₄D
suπfurD₄opβnΑRD2021PDYXVPDUX][ZW 6

622 sowQt−mp−ratur−D₃ar₂onβzatβonDofDpoπya₃ryπonβtrβπ−SΑrapα−n−D₃ar₂onDfβ₂−rsaDhD₃om₂βn−₄Dy−axmmD
moπ−₃uπarD₄ynamβ₃sDan₄D−xp−rβm−ntaπDstu₄yRD2021PDU[XPDWXYQWYZ 20

621 oβΑαDtα−rmaπD₃on₄u₃tβvβtyDofDΑrapα−n−Dan₄Dstru₃tur−D₄−f−₃tsaDwrosp−₃tsDforDtα−rmaπDappπβ₃atβonsDβnD
Αrapα−n−Dsα−−tsRD2021PDWVPDUV_WQUV_] 5

620 k−v−πopm−ntDofD−ff−₃tβv−D₂βm−taππβ₃D₃ataπystDforDαβΑαQt−mp−ratur−DwltDfu−πD₃−ππDtoDβmprov−DjvD
toπ−ran₃−RD2021PDXYPDWWXWQWWY[ 3

619 y−₃−ntDa₄van₃−sDβnDanβsotropβ₃DtwoQ₄βm−nsβonaπDmat−rβaπsDan₄D₄−vβ₃−Dappπβ₃atβonsRD2021PDUXPD]_[Q_U_ 32

618 tassDpro₄u₃tβonDofDαβΑαQp−rforman₃−DsβnΑπ−Datomβ₃Dm−ujD−π−₃tro₃ataπystsDvβaDs−qu−n₃−₄Duπtrasonβ₃D
atomβzatβonDan₄DpyroπysβsDpro₃−ssRD2021PDZXPDZWUQZXU 7
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617 ltαanoπQ−tαyπ−n−D₃onv−rsβonDm−₃αanβsmDonDαy₄roΑ−nD₂orβ₄−Dsα−−tsDpro₂−₄D₂yDβnDsβtuDβnfrar−₄D
a₂sorptβonDsp−₃tros₃opyRD2021PDVWPD[[VXQ[[WX 7

616 uov−πDtwoQ₄βm−nsβonaπD₃rystaππβn−D₃ar₂onDnβtrβ₄−sD₂−yon₄DΑQjWuXaDstru₃tur−Dan₄Dappπβ₃atβonsRD2021PD
_PDU[QWW 29

615 jontroππa₂π−Dsyntα−sβsDofDΑraβnD₂oun₄aryQ−nrβ₃α−₄DwtDnanowormsD₄−₃orat−₄DonDΑrapαβtβ₃D₃ar₂onD
nanosα−−tsDforDuπtraαβΑαDm−tαanoπDoxβ₄atβonD₃ataπytβ₃Da₃tβvβtyRD2021PDY[PDZTUQZT_ 31

614 h₄van₃−₄Dmat−rβaπsDan₄Dt−₃αnoπoΑβ−sDforDsup−r₃apa₃βtorsDus−₄DβnD−n−rΑyD₃onv−rsβonDan₄DstoraΑ−aDaD
r−vβ−wRD2021PDU_PDW[YQXW_ 100

613 y−ΑuπatβnΑDtα−Dion₄βnΑDuatur−Dan₄Dso₃atβonDofDjâ��mDion₄sDβnDmπuorβnat−₄Dnrapα−n−D₂yDkopβnΑD
uβtroΑ−nDhtomsRD2021PDZTPD][YQ]]X 7

612 hmβnoQUQt−trazoπ−Qr−Αuπat−₄DαβΑαQ₄−nsβtyDnβtroΑ−nQ₄op−₄DαoππowD₃ar₂onDnanospα−r−sDforDπonΑQπβf−D
 nQaβrD₂att−rβ−sRRD2020PDUUPD[UUQ[VT 1

611 lπ−₃tro₃α−mβ₃aπDβmmunos−nsorsD₂as−₄DonDquantumD₄otsRD2021PDWXUQW[[

610 kopβnΑDm−₃αanβsmD₄βr−₃t−₄DΑrapα−n−Dappπβ₃atβonsDforD−n−rΑyD₃onv−rsβonDan₄DstoraΑ−RD2021PD_PD[WZZQ[W_Y 6

609 y−₃−ntDa₄van₃−sDonD−π−₃tro₃ataπytβ₃DfβxatβonDofDnβtroΑ−nDun₄−rDam₂β−ntD₃on₄βtβonsRD2021PDYPDYYUZQYYWW 4

608 oowD₄oDtα−D₄opβnΑD₃on₃−ntratβonsDofDuDan₄DiDβnDΑrapα−n−Dmo₄βfyDtα−Dwat−rDa₄sorptβonfRD2021PDUUPDU_YZTQU_YZ]4

607
lnΑβn−−rβnΑDtαr−−Q₄βm−nsβonaπDnβtroΑ−nQ₄op−₄D₃ar₂onD₂πa₃δD−m₂−₄₄βnΑDnβtroΑ−nQ₄op−₄DΑrapα−n−D
an₃αorβnΑDuπtrafβn−Dsurfa₃−Q₃π−anDw₄Dnanopartβ₃π−sDasD−ffβ₃β−ntD−tαanoπDoxβ₄atβonD−π−₃tro₃ataπystRD
2021PDV]TPDUU_XZX

43

606 jontrβ₂utβonDofDnβtroΑ−nD₃onfβΑuratβonsDtoDtα−Da₄sorptβonDofDj₄LppMDβnDnβtroΑ−nQ−nrβ₃α−₄D₂βo₃αarRD
2021PDXYPDUVZZ_QUVZ[[ 1

605 lpβtaxβaπDΑrowtαDm−₃αanβsmsDofDsβnΑπ−Q₃rystaππβn−DnauDonDsβnΑπ−Q₃rystaππβn−DΑrapα−n−RD2021PDVWPDYXYUQYXYY 1

604 nrapαβt−Dpr−πβtαβatβonD₂yDsoπβ₄D−π−₃tro₃α−mβ₃aπD₃orrosβonDofDπβtαβumDm−taπDwβtαDaDsup−rfβ₃βaπDmosaβ₃D
stru₃tur−RD2021PDY[PDUTW[UQUTW[X 1

603 y−vβ−wDonDfun₃tβonaπβz−₄DmaΑn−tβ₃Dnanopartβ₃π−sDforDtα−Dpr−tr−atm−ntDofDorΑanopαospαorusD
p−stβ₃β₄−sRD2021PDUTPDX]YQX_] 1

602 Tαr−−Q₄βm−nsβonaπDnβtroΑ−nQ₄op−₄DΑrapα−n−Q₂as−₄Dm−taπQfr−−D−π−₃tro₃α−mβ₃aπDs−nsorsDforD
sβmuπtan−ousD₄−t−rmβnatβonDofDas₃or₂β₃Da₃β₄PD₄opamβn−PDurβ₃Da₃β₄PDan₄Da₃−tamβnopα−nRD2021PDUXZPD_ZXQ_[T 13

601 lπ−₃tro₃ataπytβ₃Dvxβ₄atβonDofDnπu₃os−DonDioronDan₄DuβtroΑ−nDjo₄op−₄Dnrapα−n−DxuantumDkotD
lπ−₃tro₄−sDβnDhπδaπβDt−₄βaRD2021PDUUPDUTU 6

600 ma₂rβ₃atβonDofDWkDuβSuβvStozVSrnvDfoamDforD−nαan₃βnΑDs−nsβnΑDp−rforman₃−RD2021PDXYPDXW][QXW_V 0
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599 iβo₃ompatβ₂π−Dαoπ−Ds₃av−nΑ−rQassβst−₄DΑrapα−n−Doxβ₄−D₄otsDforDpαoto₄ynamβ₃D₃an₃−rDtα−rapyRD
2021PDUWPD]XWUQ]XXU 3

598 t−taπâ��orΑanβ₃Dfram−worδQ₄−rβv−₄D₃ar₂onDasDaDposβtβv−D−π−₃tro₄−DforDαβΑαQp−rforman₃−Dvana₄βumD
r−₄oxDfπowD₂att−rβ−sRD2021PD_PDYZX]QYZYZ 8

597 jα−mβ₃aπDh₃tβvatβonDofDuβtroΑ−nQ₄op−₄Djar₂onDk−rβv−₄DfromDjαβtosanDwβtαD njπVDtoDwro₄u₃−DaD
oβΑαQp−rforman₃−DnasDkβffusβonQtyp−DvxyΑ−nDlπ−₃tro₄−RD2021PD]_PDWZQXV 4

596 ma₂rβ₃atβonDofDwoπym−rQnrapα−n−Duano₃omposβt−sRD2021PDUTYWQUTZ[

595 yoomDT−mp−ratur−DnasDz−nsorDias−₄DonDy−₄u₃−₄Dnrapα−n−Dvxβ₄−DforDlnvβronm−ntaπDtonβtorβnΑRD
2021PDWVXWQWVZU

594 jopp−rQ₃ataπys−₄DπowQt−mp−ratur−Dwat−rQΑasDsαβftDr−a₃tβonDforDs−π−₃tβv−D₄−ut−ratβonDofDaryπD
αaπβ₄−sRD2021PDUVPDUXTWWQUXTW] 3

593 jontrβ₂utβonDofDiPuQ₃oQ₄op−₄Dr−₄u₃−₄DΑrapα−n−Doxβ₄−DasDaD₃ataπystDsupportDtoDtα−Da₃tβvβtyDofD
βrβ₄βumDoxβ₄−DforDoxyΑ−nD−voπutβonDr−a₃tβonRD2021PD_PD_TZZQ_T]T 11
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UXWPDUUT]X_ 52

515 ma₃βπ−Dzyntα−sβsDofDioronQkop−₄Dy−₄u₃−₄Dlπ−₃tro₃α−mβ₃aπDnrapα−n−Dvxβ₄−DforDzo₄βumDponDiatt−ryD
hno₄−RD2021PD[WPDVYWU 0

514 pnDsβtuDsyntα−sβsDofDnβtroΑ−nQ₄op−₄DΑrapα−n−Dnanofπaδ−sDusβnΑDnonQtα−rmaπDar₃DpπasmaRD2021PDUV_PDVUWWTX 1

513 ian₄ΑapD−nΑβn−−rβnΑDofDtwoQ₄βm−nsβonaπDjWuD₂βπay−rsRD2021PDXPDX]ZQX_X 6

512 sarΑ−Qs₃aπ−DβnQsβtuDsyntα−sβsDofDnβtroΑ−nQ₄op−₄DΑrapα−n−DusβnΑDmaΑn−tβ₃aππyDrotatβnΑDar₃DpπasmaRD
2021PDUUZPDUT]XU[ 1

511 vyyDa₃tβvβtyDofDm−taπat−₄Dpα−nantαroπβn−Qstrapp−₄DporpαyrβnDa₄sor₂−₄DonD₃ar₂onDnanotu₂−sRD
2021PDVXPDUQ]

510 lπ−₃tro₃α−mβ₃aπDz−nsorDias−₄DonDuβtroΑ−nDkop−₄DworousDy−₄u₃−₄Dnrapα−n−Dvxβ₄−DtoDk−t−₃tβonDofD
jβprofπoxa₃βnDβnDwαarma₃−utβ₃aπDzampπ−sRD2021PDY[PDZYXQZZV 3
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509 y−₃−ntDa₄van₃−sDβnDαβ−rar₃αβ₃aπDano₄−D₄−sβΑnsDofDTβvVQiDnanostru₃tur−sDforDπβtαβumQβonD₂att−rβ−sRD
2021PDXYPDU[YWVQU[YZV 2

508 oβΑαπyDk−sβra₂π−DwπatformDforDlffβ₃β−ntDoy₄roΑ−nDn−n−ratβonaDlπ−₃tro₄−posβt−₄DjowDonDuQkop−₄D
“−rtβ₃aπDnrapα−n−RD2021PDXPDYZ_[QY[TY 0

507 uPDwQjo₄op−₄Djar₂onDmβπmDk−rβv−₄DfromDwαospαaz−n−sDan₄DptsDwrβntβnΑDpnt−ΑratβonDwβtαDaDwoπym−rD
jarp−tDFtoπ−₃uπarD”−π₄βnΑFDforDmπ−xβ₂π−Dlπ−₃tronβ₃sRD2021PDUWPDV_]_XQV__TY 1

506 ln₃apsuπatβnΑDjo₂aπtDβntoDuQkopβnΑDooππowDmram−worδsDforDlffβ₃β−ntDjas₃a₄−DjataπysβsRD2021PDZTPD_[Y[Q_[ZU 2

505 z−πfQf−−₄βnΑDformatβonDofDatomβ₃aππyDtαβnDmoπy₂₄−numDnanofπaδ−sDonDtozVDmonoπay−rRD2021PD]PDTWYTYX 0

504 uβ₃δ−πDoxβ₄−sSαy₄roxβ₄−sQΑrapα−n−DasDαy₂rβ₄Dsup−r₃apatt−ryDnano₃omposβt−sDforDa₄van₃−₄D₃αarΑ−D
storaΑ−Dmat−rβaπsDâ��DaDr−vβ−wRDUQWX 4

503 lff−₃tβv−Dano₄β₃Dsuπfβ₄−Dr−movaπD₃ataπyz−₄D₂yDsβnΑπ−Dnβ₃δ−πDatomsDonDnβtroΑ−nQ₄op−₄DΑrapα−n−DwβtαD
staβnπ−ssDst−−πDsu₂strat−RD2021PDXV[PDUWT_ZW 2

502 taΑn−tβ₃DTβvVgm−WvXSr−₄u₃−₄DΑrapα−n−Doxβ₄−Dnano₃omposβt−sDwβtαD−nαan₃−₄Dpαoto₃ataπytβ₃D
a₃tβvβtβ−sRD2021PDUUPDXXWQXYT 1

501 pnDsβtuD−π−₃troΑ−n−ratβonDan₄Da₃tβvatβonDofDovD₂yDatomβ₃Dm−D₃ataπystsDforDtα−D−ffβ₃β−ntDr−movaπDofD
₃απorampα−nβ₃oπRD2021PDXUVPDUVYUZV 12

500 pntro₄u₃tβonPDpro₄u₃tβonPD₃αara₃t−rβzatβonDan₄Dappπβ₃atβonsDofD₄−f−₃tsDβnDΑrapα−n−RD2021PDWVPDU___UQVTTWT 2

499 zβQ₄op−₄DΑrapα−n−Dnanosα−−tsDasDaDm−taπQfr−−D₃ataπystDforD−π−₃tro₃α−mβ₃aπD₄−t−₃tβonDofD
nβtroaromatβ₃D−xpπosβv−sRD2021PDY_XPD]X]Q]YZ 3

498 vrβΑβnsDofDp−aδsDofDΑrapαβtβ₃Dan₄Dpyrroπβ₃DnβtroΑ−nDβnDuUsD–QrayDpαoto−π−₃tronDsp−₃traDofD₃ar₂onD
mat−rβaπsaDquat−rnaryDnβtroΑ−nPDt−rtβaryDamβn−PDorDs−₃on₄aryDamβn−fRD2021PDYZPDUY[_]QUY]UU 7

497 oβΑαπyQa₃tβv−PDm−taπQfr−−PD₃ar₂onQ₂as−₄DvyyD₃atαo₄−DforD−ffβ₃β−ntDorΑanβ₃sDr−movaπDan₄D−π−₃trβ₃βtyD
Α−n−ratβonDβnDaDwmjDsyst−mRD2021PDWVPDVVUVQVVUZ 18

496 lff−₃tsDofDpyrβ₄βn−Qπβδ−Dan₄Dpyrroπβ₃Qπβδ−DnβtroΑ−nDonDtα−Dpαotoπumβn−s₃−n₃−D₂πu−QsαβftDofD
nβtroΑ−nQ₄op−₄DΑrapα−n−Doxβ₄−DquantumD₄otsRD2021PDVWYPDUU[_]W 2

495 iβm−taππβ₃Dw₄QjoDuanopartβ₃π−sDzupport−₄DonDuβtroΑ−nQkop−₄Dy−₄u₃−₄Dnrapα−n−Dvxβ₄−DasD
lffβ₃β−ntDlπ−₃tro₃ataπystsDforDmormβ₃Dh₃β₄Dlπ−₃trooxβ₄atβonRD2021PDUUPD_UT 1

494 y−₃−ntDh₄van₃−sDonDo−t−roatomQkop−₄DworousDjar₂onSt−taπDtat−rβaπsaDmas₃βnatβnΑD
o−t−roΑ−n−ousDjataπystsDforDvrΑanβ₃DTransformatβonsRD2021PDVUPDU_]YQVT[W 7

493 htomβ₃Dwyrβ₄βnβ₃DuβtroΑ−nDzβt−sDwromotβnΑDs−vuπβnβ₃Dh₃β₄Doy₄roΑ−natβonsDov−rDkou₂π−Qzα−ππ−₄D
ooππowDyuSjDuanor−a₃torsRD2021PDU[PD−VUTUV[U 9

492 pnt−r₃aπatβonDofDuQ₄op−₄DΑrapα−n−DβntoDΑrapα−n−Doxβ₄−Q₂as−₄Dm−m₂ran−sDtoDβmprov−Dtα−βrDov−raππD
nanofβπtratβonDp−rforman₃−RD2021PD[[YPDUW]ZY[ 2
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491 ioronQDan₄DpαospαorousQ₄op−₄DΑrapα−n−Dnanosα−−tsDan₄DquantumD₄otsDasDs−nsorsDan₄D₃ataπystsDβnD
−nvβronm−ntaπDappπβ₃atβonsaDaDr−vβ−wRD2021PDU_PDXW[Y 6

490 hr−Djar₂onQias−₄Dtat−rβaπsDnoo₄DzupportsDforDtα−Djataπytβ₃Dy−formβnΑDofDhmmonβafRD2021PDUVYPDUY_YTQUY_Y] 0

489 wr−paratβonDan₄D₃αara₃t−rβzatβonDofD₂asβ₃DΑrapα−n−Q₂as−₄D₃ataπystsDan₄Dtα−βrDappπβ₃atβonDβnD
₂βo₄β−s−πDsyntα−sβsRD2021PDYYXPDUX_Y]] 5

488 Tα−Dt–−n−Swat−rDnanofπuβ₄sDwβtαDαβΑαDsta₂βπβtyDan₄DpαotoQtα−rmaπD₃onv−rsβonDforD₄βr−₃tD
a₂sorptβonDsoπarD₃oππ−₃torsaDhD₃omparatβv−Dstu₄yRD2021PDVV[PDUVTX]W 14

487 jonstru₃tβonDofDαβΑαDp−rforman₃−DuQ₄op−₄DuaW“VLwvXMVmWSjD₃atαo₄−DassβstβnΑD₂yDpπasmaD
−nαan₃−₄D₃α−mβ₃aπDvaporD₄−posβtβonDforDso₄βumQβonD₂att−rβ−sRD2021PDW]WPDUW]W[T 1

486 jar₂onDkotSj−ππuπos−Qias−₄DTranspar−ntDmβπmsDforDlffβ₃β−ntD’“Dan₄DoβΑαQln−rΑyDiπu−DsβΑαtD
z₃r−−nβnΑRD2021PD_PD_][_Q_]_T 4

485 lπ−₃tro₃ataπytβ₃Doxβ₄atβonDofDαy₄razβn−DatDsuπpαurQ₄op−₄DΑrapα−n−Qmo₄βfβ−₄DΑπassyD₃ar₂onD
−π−₃tro₄−RD2021PDXXPDU 1

484 vn−QpotDsyntα−sβsDofDWkDporousDiβ[v_pWSuQ₄op−₄DΑrapα−n−Da−roΑ−πDwβtαD−nαan₃−₄Dpαoto₃ataπytβ₃D
a₃tβvβtyDforDorΑanβ₃D₄y−D₄−Αra₄atβonDβnDwast−wat−rRD2021PDX[PDU_YYZQU_YZZ 3

483 wyvwvyTpvuhsDlmmljTDpuDz₂zβSuQkvwlkDnyhwolulDuhuvjvtwvzpTlDwylwhyhTpvuDmvyD
opnoQwlymvythujlDspTop’tQpvuDihTTlyplzRDVUYTUTY 1

482 jar₂onDsattβ₃−Dztru₃tur−sDβnDuβtroΑ−nQkop−₄Dy−₄u₃−₄Dnrapα−n−Dvxβ₄−aDpmpπβ₃atβonsDforD
jar₂onQias−₄Dlπ−₃trβ₃aπDjon₄u₃tβvβtyRD2021PDXPD[]_[Q[_TX 4

481 jonv−nβ−ntDan₄Dy−usa₂π−DtanΑan−s−Qias−₄Duano₃ataπystDforDhmβnatβonDofDhπ₃oαoπsRD2021PDUWPDXWWX 4

480 Towar₄DxuantumDjonfβn−m−ntDβnDnrapαβtβ₃Djar₂onDuβtrβ₄−Qias−₄Dwoπym−rβ₃Dtonoπay−rsRD2021PDUVYPD[Y_[Q[ZTZ1

479 jontroππa₂π−D−π−₃tronβ₃D−ff−₃tDvβaD₄−−pD−ut−₃tβ₃Dsoπv−ntsDmo₄βfβ₃atβonDforD₂oost−₄Da−ro₂β₃Doxβ₄atβv−D
₄−suπfurβzatβonRD2021PDYUVPDUUU[Y[ 0

478 uβtroΑ−nDmun₃tβonaπβzatβonDofDj“kDnrownDTαr−−Qkβm−nsβonaπDnrapα−n−DmoamDforDoy₄roΑ−nD
lvoπutβonDy−a₃tβonsDβnDhπδaπβn−Dt−₄βaRD2021PDUXPD 6

477 oβΑαQyat−Dhqu−ousDhπumβnumQponDiatt−rβ−sDlna₂π−₄D₂yDjonfβn−₄Dpo₄βn−Djonv−rsβonDjα−mβstryRRD
2021PDYPD−VUTTZUU 2

476 jompr−α−nsβv−Dm−₃αanβsmDofDf−rromaΑn−tβsmD−nαan₃−m−ntDβnDnβtroΑ−nQ₄op−₄DΑrapα−n−RD 0

475 ooππowDjar₂onDuano₂aππsDonDnrapα−n−DasDt−taπQmr−−DjataπystDforDvv−raππDlπ−₃tro₃α−mβ₃aπD”at−rD
zpπβttβnΑRD2021PD]PDVUTUVZY 1

474 zyntα−sβsPDhppπβ₃atβonsPDan₄Dwrosp−₃tsDofDnrapα−n−DxuantumDkotsaDhDjompr−α−nsβv−Dy−vβ−wRD2021PD−VUTVZ]W 18
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473 yatβonaπD₄−sβΑnDofDm−QuQjD−π−₃tro₃ataπystsDforDoxyΑ−nDr−₄u₃tβonDr−a₃tβonaDmromDnanopartβ₃π−sDtoD
sβnΑπ−DatomsRDU 5

472 r−yDm−atur−sDofDwoπyβmβ₄−Qk−rβv−₄Djar₂onDtoπ−₃uπarDzβ−v−sRD2021PDUWWPDVVX_ZQVVYTY

471 Tα−Dzyn−rΑβstβ₃Djαara₃t−rDofDoβΑαπyDuQkop−₄Djo₃onutâ��zα−ππDh₃tβvat−₄Djar₂onDforDlffβ₃β−ntDjvDVD
japtur−RD2021PDZPD_UX_Q_UYZ 0

470 vnQzurfa₃−Dzyntα−sβsDofDaDkβ₃atβonβ₃Dkβazaα−xa₂−nzo₃oron−n−Dk−rβvatβv−DonDtα−DhuLUUUMDzurfa₃−RD
2021PDZTPDVYYYUQVYYYZ 2

469 Topβ₃aπDa₄van₃−sDβnDnanomat−rβaπsD₂as−₄D−π−₃tro₃α−mβ₃aπDs−nsorsDforDr−sor₃βnoπD₄−t−₃tβonRD2021PD
WUPD−TTUW] 11

468
pnsβΑαtDβntoDtα−DrvoSrtnvXDa₃tβvatβonDm−₃αanβsmDofDoxyΑ−nQ−nrβ₃α−₄Dαβ−rar₃αβ₃aπDporousD₂βo₃αarD
₄−rβv−₄DfromD₂βomassDwast−D₂yDβnQsβtuDpyroπysβsDforDm−tαyπ−n−D₂πu−D−nαan₃−₄Da₄sorptβonRD2021PD
UY]PDUTYVZ_

8

467 jonstru₃tβonDofDαβΑαDp−rforman₃−DuQ₄op−₄D₃ar₂onD₃oat−₄DsβtnTR]m−TRVwvXDnano₃rystaπD₃atαo₄−D
forDπβtαβumQβonD₂att−rβ−sRD2021PD][ZPDUZTT_T 2

466 hss−ssm−ntDofDtα−Dh₃₃ura₃yDofDk−nsβtyDmun₃tβonaπsDforDjaπ₃uπatβnΑDvxyΑ−nDy−₄u₃tβonDy−a₃tβonDonD
uβtroΑ−nQkop−₄Dnrapα−n−RD2021PDU[PDZXTYQZXUY 1

465 y−s−ar₃αDproΑr−ssDofD₃ar₂onDnanofβ₂−rQ₂as−₄Dpr−₃βousQm−taπQfr−−DoxyΑ−nDr−a₃tβonD₃ataπystsD
syntα−sβz−₄D₂yD−π−₃trospβnnβnΑDforD nQhβrD₂att−rβ−sRD2021PDYT[PDVWTV]T 7

464 Tα−rmaπDtr−atm−ntDv−rsusDαy₄rotα−rmaπD₃ar₂onβzatβonaDoowDtoDsyntα−sβz−DnβtroΑ−nQ−nrβ₃α−₄D
₃ar₂onDmat−rβaπsDforD−n−rΑyDstoraΑ−Dappπβ₃atβonsfRD 2

463 oβ−rar₃αβ₃aπDjoWvXD₄−₃orat−₄DnβtroΑ−nQ₄op−₄DΑrapα−n−Doxβ₄−Dnanosα−−tsDforD−n−rΑyDstoraΑ−Dan₄D
ΑasDs−nsβnΑDappπβ₃atβonsRD2021PDUTUPDVYWQVZU 7

462 ”−ππQ₄βsp−rsβv−DwtDnanopartβ₃π−sDΑrownDonDWkDnβtroΑ−nQDan₄DsuπfurQ₃o₄op−₄DΑrapα−n−Dnanorβ₂₂onD
ar₃αβt−₃tur−saDαβΑαπyDa₃tβv−D−π−₃tro₃ataπystsDforDm−tαanoπDoxβ₄atβonRD2021PDVUPDUTT]UX 5

461 nrapα−n−Qlnαan₃−₄Diatt−ryDjompon−ntsDβnDy−₃αarΑ−a₂π−DsβtαβumQponDan₄DsβtαβumDt−taπDiatt−rβ−sRD
2021PD[PDZY 2

460 t−taπQuβtroΑ−nQ₄op−₄D₃ar₂onDsβnΑπ−QatomD−π−₃tro₃ataπystsDforDjvVD−π−₃tror−₄u₃tβonRD2021PDVVTPDUT]_]Z 8

459 lvaπuatβonDofDΑrapα−nβ₃Dan₄DΑrapαβtβ₃Dmat−rβaπsDonDtα−Da₄sorptβonDofDTrβtonD–QUTTDfromDaqu−ousD
soπutβonRD2021PDV]XPDUU[UZU 2

458 t−taπQvrΑanβ₃Dmram−worδsQk−rβv−₄Dz−πfQzupport−₄Djar₂onQias−₄Djomposβt−sDforDlπ−₃tro₃ataπytβ₃D
”at−rDzpπβttβnΑRD2021PDV[PDUY]ZZQUY]]] 5

457 vnQzurfa₃−Dzyntα−sβsDofDaDkβ₃atβonβ₃Dkβazaα−xa₂−nzo₃oron−n−Dk−rβvatβv−DonDtα−DhuLUUUMDzurfa₃−RD 0

456 sowQT−mp−ratur−DuβtroΑ−nDkopβnΑDofDuano₃rystaππβn−Dnrapα−n−DmβπmsDwβtαDTuna₂π−Dwyrβ₄βnβ₃QuDan₄D
wyrroπβ₃QuD₂yDjoπ₄Q”aππDwπasmaQhssβst−₄Djα−mβ₃aπD“aporDk−posβtβonRD2021PDZPDVW[UTQVW[VV 2
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455 tvmSwjwQ₂as−₄Dlπ−₃tro₃ataπystsDforDtα−DvxyΑ−nDy−₄u₃tβonDy−a₃tβonRDU 6

454 r−yDm−atur−sDofDwoπyβmβ₄−Qk−rβv−₄Djar₂onDtoπ−₃uπarDzβ−v−sRD2021PDZTPDVVWVVQVVWWU 7

453 kβstβn₃tDyoπ−sDofDT−nsβπ−Dan₄Djompr−ssβv−Dztr−ss−sDβnDnrapαβtβzβnΑDan₄Dwrop−rtβ−sDofDjar₂onD
uanofβ₂−rsRD2021PDUVPD 1

452 o−t−roatomD₄opβnΑDofDVkDΑrapα−n−Dmat−rβaπsDforD−π−₃tromaΑn−tβ₃Dβnt−rf−r−n₃−Dsαβ−π₄βnΑaDaDr−vβ−wD
ofDr−₃−ntDproΑr−ssRDUQYT 15

451 mβrstQprβn₃βpπ−sDstu₄yDofDpπasmonsDβnD₄op−₄DΑrapα−n−Dnanostru₃tur−sNRD2021PDWTPDT_[WTU

450 xuoDva₄βsD₃ar₂o₃ataπysβsfRD2021PDZUPDVU_QVV[

449 ’tβπβzatβonDofD₃aff−βn−D₃ar₂onDsupport−₄D₃o₂aπtD₃ataπystDβnDtα−Dtan₄−mDsyntα−sβsDofDpyrroπ−sDfromD
nβtroar−n−sDan₄Daπδ−nyπD₄βoπsRD2021PDXTVPDVXXQVYX 1

448 uβtroΑ−nQ₄op−₄DΑrapα−n−DonDaD₃urv−₄Dnβ₃δ−πDsurfa₃−RD2021PDU]WPD[UUQ[VT 0

447 k−f−₃tQ−nΑβn−−r−₄DtwoQ₄βm−nsβonaπDπay−r−₄DΑaππβumDsuπpαβ₄−Dmoπ−₃uπarDΑasDs−nsorsDwβtαDuπtraαβΑαD
s−π−₃tβvβtyDan₄Ds−nsβtβvβtyRD2021PDYZVPDUYTU]] 3

446 Tα−Dβmportan₃−DofDsurfa₃−Dstat−sDβnDuQ₄op−₄D₃ar₂onDquantumD₄otsRD2021PDU]WPDUQUU 17

445 pnDsβtuQform−₄DnβtroΑ−nQ₄op−₄D₃ar₂onSsβπβ₃onQ₂as−₄Dmat−rβaπsDasDn−Αatβv−D−π−₃tro₄−sDforDπβtαβumQβonD
₂att−rβ−sRD2021PDUUY[WV 0

444 oβΑαπyDa₃tβv−DβronQnβtroΑ−nQ₂oronQ₃ar₂onD₂βfun₃tβonaπD−π−₃tro₃ataπytβ₃DpπatformDforDαy₄roΑ−nD
p−roxβ₄−Ds−nsβnΑDan₄DoxyΑ−nDr−₄u₃tβonRD2021PDVTUPDUUUYZW 5

443 oβΑαQt−mp−ratur−Df−rromaΑn−tβsmDβnDnonQm−taπD₃ar₂onβtrβ₄−aDmromDnβtroΑ−nDva₃antDΑQjWuXDtoD
uQ₄op−₄DΑrapα−n−RD2021PDYW]PDUZ]VVW 2

442 uβtroΑ−nQ₄op−₄DΑrapα−n−Dnanomat−rβaπsDforD−π−₃tro₃α−mβ₃aπD₃ataπysβsSr−a₃tβonsaDhDr−vβ−wDonD
₃α−mβ₃aπDstru₃tur−sDan₄Dsta₂βπβtyRD2021PDU]YPDU_]QVUX 12

441 h₃αβ−vβnΑDβonDa₃₃−ssβ₂βπβtyDwβtαβnDΑrapα−n−DfβπmsD₂yD₃ar₂onDnanofβ₂−rDβnt−r₃aπatβonDforDαβΑαDmassD
πoa₄βnΑD−π−₃tro₄−sDβnDsup−r₃apa₃βtorsRD2021PDYUWPDVWTYY_ 2

440 lnαan₃βnΑDtα−Dr−a₃tβvβtyDofD₃ar₂onQnanotu₂−DforD₃ar₂onDmonoxβ₄−D₄−t−₃tβonD₂yDmonoQDan₄D
₃oQ₄opβnΑDofD₂oronDan₄DnβtroΑ−nDα−t−roatomsaDhDkmTDan₄DTkQkmTDstu₄yRD2021PDUY]PDUUTVWT 2

439 oβΑαπyD−π−₃tro₃ataπytβ₃Dp−rforman₃−DofD₂βm−taππβ₃Djoâ��m−Dsuπfβ₄−Dnanopartβ₃π−sD−n₃apsuπat−₄DβnD
uQ₄op−₄D₃ar₂onDnanotu₂−sDonDr−₄u₃−₄DΑrapα−n−Doxβ₄−DforDoxyΑ−nD−voπutβonRD2021PD]]UPDUZTZZ[ 6

438 y−₄u₃−₄DΑrapα−n−Doxβ₄−Dβmpr−Αnat−₄DβnDTβvVDforDpαoto₄−Αra₄atβonDofD₄y−sDmonβtor−₄DβnD’“QslkD
mβnβQr−a₃torRD2021PDV[VPDUVYTVT 2
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437 m−WjSjom−VvXDnanopartβ₃π−sDwrapp−₄DβnDon−Q₄βm−nsβonaπDtpsQYWLm−MQ₄−rβv−₄D₃ar₂onDnanofβ₂−rsDasD
−ffβ₃β−ntD₄uaπQfun₃tβonDoxyΑ−nD₃ataπystsRD2021PDXVXPDUWTXZT 6

436 iβomassQ₄−rβv−₄DuQ₄op−₄DporousD₃ar₂onDnanosα−−tsDforD−n−rΑyDt−₃αnoπoΑβ−sRD2021PDXVYPDUV_TU[ 19

435 jonstru₃tβonDofDuQjxksSpnu₂vXD₃omposβt−sDforDtα−Dr−movaπDofDβpronβ₄azoπ−aDw−rforman₃−Dan₄D
₄−Αra₄atβonDm−₃αanβsmRD2021PDWTXPDUVVYZ[ 2

434 lnΑβn−−rβnΑDβnt−rm−taππβ₃Qm−taπDoxβ₄−Dβnt−rfa₃−DwβtαDπowDpπatβnumDπoa₄βnΑDforD−ffβ₃β−ntDm−tαanoπD
−π−₃trooxβ₄atβonRD2021PDZTXPDYVQZT 2

433
h₄van₃−₄Dopportunβtβ−sDan₄DβnsβΑαtsDonDtα−Dβnfπu−n₃−DofDnβtroΑ−nDβn₃orporatβonDonDtα−D
pαysβ₃oQS−π−₃troQ₃α−mβ₃aπDprop−rtβ−sDofDro₂ustD−π−₃tro₃ataπystsDforD−π−₃tro₃ataπytβ₃D−n−rΑyD
₃onv−rsβonRD2021PDXX_PDVUXVT_

7

432 yapβ₄DΑrowtαDofDsβnΑπ−Q₃rystaπDΑrapα−n−D₂yDa₃−tonβtrβπ−Dan₄DβtsDnβtroΑ−nD₄opβnΑRD2021PDU_XPDUUTZT_ 1

431 oβΑαπyDa₃tβv−D₃ataπystDusβnΑDz−oπβtβ₃Dβmβ₄azoπat−Dfram−worδD₄−rβv−₄DnanoQpoπyα−₄ronDforDtα−D
−π−₃troQoxβ₄atβonDofDπQ₃yst−βn−Dan₄Damp−rom−trβ₃Ds−nsβnΑRD2021PDZTWPD]VVQ]WW 3

430 Fvxynβtrβ₄−DtrapFDov−rDuSzD₃oQ₄op−₄DΑrapα−n−Qsupport−₄D₃ataπystsDpromotβnΑDπowDt−mp−ratur−D
uoQzjyDp−rforman₃−aDpnsβΑαtDβntoDtα−Dstru₃tur−Dan₄Dm−₃αanβsmsRD2022PDXVWPDUV[U][ 0

429 uβtroΑ−nQ₄op−₄DΑrapα−n−DasDanD−ffβ₃β−ntDm−taπQfr−−D₃ataπystDforDammonβaDan₄DnonQ−nzymatβ₃D
Απu₃os−Ds−nsβnΑRD2022PDUZTPDUUTWY_ 2

428 uβtroΑ−nQrβ₃αDπay−r−₄D₃ar₂onDforDa₄sorptβonDofDtypβ₃aπDvoπatβπ−DorΑanβ₃D₃ompoun₄sDan₄D
πowQt−mp−ratur−Dtα−rmaπDr−Α−n−ratβonRD2022PDXVXPDUV[WX] 2

427 y−marδa₂πyD₂oostβnΑDyuQuβDnano₃ataπysβsDvβaDsurfa₃−Sβnt−rfa₃−Dr−ΑuπatβonDforD−ffβ₃β−ntDαy₄roπytβ₃D
₄−αy₄roΑ−natβonDofDammonβaD₂oran−RD2022PDWT[PDUVU]TT 0

426 ’πtrafβn−QtnVvWguQ₄op−₄DporousD₃ar₂onDαy₂rβ₄sD₄−rβv−₄DfromDtnQtvmsaDkuaπQr−a₃tβonD₃−ntr−D
₃ataπystDwβtαDsβnΑπ−tDoxyΑ−nQ₄omβnantDoxβ₄atβonDpro₃−ssRD2022PDXV_PDUWVV__ 2

425 jonv−rsβonDofDrβ₃−DαusδD₂βomassDβntoD−π−₃tro₃ataπystDforDoxyΑ−nDr−₄u₃tβonDr−a₃tβonDβnD nQaβrD₂att−ryaD
lff−₃tDofDs−πfQ₄op−₄DzβDonDp−rforman₃−RD2022PDZTZPDUTUXQUTVW 4

424 jy₃πoa₄₄βtβonD₂−tw−−nDnβtroΑ−nQ₄op−₄DΑrapα−n−DLZˇ�Q₃ompon−ntMDan₄D₂−nz−n−DLXˇ�Q₃ompon−ntMaDaD
tα−or−tβ₃aπDapproa₃αDusβnΑD₄−nsβtyDfun₃tβonaπDtα−oryDwβtαDv₄”QkmD₃orr−₃tβonRD2021PDVWPDY][TQY][[

423 w−rforman₃−DofDnrapα−n−aDhDirβ−fDsβt−ratur−Dy−vβ−wDonDT−₃αnoπoΑβ−sDforDjomposβt−D
tanufa₃turβnΑRD2021PDUQU]

422 oβΑαπyD₃rystaππβn−Danatas−DTβvDnano₃u₂oβ₄sDasDanD−ffβ₃β−ntDpαoto₃ataπystDforDαy₄roΑ−nDΑ−n−ratβonRRD
2021PDUUPD[Y][Q[Y__ 6

421 pmprov−₄Dαy₄roΑ−nDΑ−n−ratβonDfromDhπSwat−rDr−a₃tβonDusβnΑD₄βff−r−ntDsyntα−sβz−₄DhπLvoMWD₃ataπystD
₃rystaππβn−Dpαas−sRD2021PDXYPD_YU]Q_YV_ 4

420 kopβnΑDofDΑrapα−n−DvβaDa₄πay−rDformatβonDofD−π−₃tro₃α−mβ₃aππyDr−₄u₃−₄D₄β₂−nzyπDvβoπoΑ−nRD 3
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419 h₄sorptβonDofDTransβtβonDt−taπDjataπystsDonDjar₂onDzupportsaDhDTα−or−tβ₃aπDw−rsp−₃tβv−RD2021PD 1

418 nrapα−n−aDTα−DmaΑβ₃Dmat−rβaπRD2021PDYU[QYX_ 1

417 T−mpπat−Qfr−−Dsyntα−sβsDofDpoπya₃ryπonβtrβπ−Q₄−rβv−₄DporousD₃ar₂onDnano₂aππsDonDΑrapα−n−DforD
−ffβ₃β−ntDoxyΑ−nDr−₄u₃tβonDβnDzβn₃â��aβrD₂att−rβ−sRD2021PD_PD_ZXXQ_ZYX 10

416 kopβnΑDjar₂onDuanomat−rβaπsDwβtαDo−t−roatomsRDUWWQUZU 7

415 nrapα−n−aDzyntα−sβsPDwrop−rtβ−sDan₄Dhppπβ₃atβonRDUW_QU_W 1

414 lff−₃tDofDponDpmpπantatβonDonDaDwr−₃ursorDwoπym−rDforDzyntα−sβsDofDjar₂onDtat−rβaπDwβtαDjataπytβ₃D
w−rforman₃−RDWWQXT 1

413 Tα−rmo−π−₃trβ₃Dwap−raDnrapαβt−Dw−n₃βπDTra₃−sDonDwap−rDtoDma₂rβ₃at−DaDTα−rmo−π−₃trβ₃Dn−n−ratorRD
2020PDYPDVTTTVV[ 22

412 joπ₄DwπasmaDTr−atm−ntDofDzoy₂−anDvβπDwβtαDoy₄roΑ−nDnasRD2021PD_]PDUTWQUUW 8

411 jαπorβ₄−DjorrosβonDy−sβstantDuβtroΑ−nD₄op−₄Dy−₄u₃−₄Dnrapα−n−Dvxβ₄−SwπatβnumDlπ−₃tro₃ataπystD
forDoy₄roΑ−nDlvoπutβonDy−a₃tβonDβnDanDh₃β₄β₃Dt−₄βumRD2020PDYPDU[W_QU[YT 2

410 yoomDT−mp−ratur−DnasDz−nsorDias−₄DonDy−₄u₃−Dnrapα−n−Dvxβ₄−DforDlnvβronm−ntaπDtonβtorβnΑRD
2020PDUQU_ 1

409 wr−s−ntDztatusDan₄Dwrosp−₃tDofDnrapα−n−Dy−s−ar₃αRD2019PDUQV_ 1

408 juTDhppπβ₃atβonsDβnDtβ₃ro−π−₃tronβ₃sPDâ��uano−π−₃tronβ₃sPâ��Dan₄Dâ��uano₂βo−π−₃tronβ₃sâ��RD2018PDZYQ[V 1

407 juTDhppπβ₃atβonsDβnDkβspπaysDan₄DTranspar−ntPDjon₄u₃tβv−DmβπmsSzu₂strat−sRD2018PD[WQ[Y 1

406 nrapα−n−Dhppπβ₃atβonsDβnDlπ−₃tronβ₃sPDlπ−₃trβ₃aπDjon₄u₃torsPDan₄Dy−πat−₄D’s−sRD2018PDUXUQUXZ 3

405 jαara₃t−rβzatβonDt−tαo₄sRD2018PDXTWQX]] 2

404 tβ₃rowav−QDan₄Djon₄u₃tβvβtyQias−₄DT−₃αnoπoΑβ−sRD2018PDZYYQZZ_ 1

403 juTDhppπβ₃atβonsDβnDz−nsorsDan₄Dh₃tuatorsRD2018PDYWQZT 2

402 ˇ�QjonγuΑat−₄Dzyst−msDwβtαDjo−nzym−DwxxPDwoπyanβπβn−sDorDxuβnon−₄ββmβn−sPDan₄Dzuman−n−RD2015PDYUQUT_ 3

(2015-2021)

109



401 hDfa₃βπ−Dstrat−ΑyDofDβnQsβtuDan₃αorβnΑDofDjoWvXDonDuD₄op−₄D₃ar₂onD₃πotαDforDanDuπtraαβΑαD
−π−₃tro₃α−mβ₃aπDp−rforman₃−RD2021PDUXPDVXUT 12

400 kβr−₃tD−π−₃tro₃α−mβ₃aπDuQ₄opβnΑDtoD₃ar₂onDpap−rDβnDmoπt−nDsβjπQrjπQsβWuRD2020PDV[PDUZ][QUZ_X 5

399 oβΑαQquaπβtyDΑrapα−n−DfβπmsDan₄DnβtroΑ−nQ₄op−₄DorΑanoΑ−πsDpr−par−₄DfromDtα−DorΑanβ₃D₄βsp−rsβonsD
ofDΑrapα−n−Doxβ₄−RD2018PDUV_PDUYQVT 11

398 iPDuDjoQkop−₄Dor₄−r−₄Dm−soporousD₃ar₂onDwβtαD−nαan₃−₄D−π−₃tro₃ataπytβ₃Da₃tβvβtyDforDtα−DoxyΑ−nD
r−₄u₃tβonDr−a₃tβonRD2020PD]VXPDUYW_T] 19

397 hππDβnDon−DpπasmaDpro₃−ssaDmromDtα−Dpr−paratβonDofDzQjD₃omposβt−D₃atαo₄−DtoDaππ−vβatβonDofD
poπysuπfβ₄−Dsαuttπ−DβnDsβQzD₂att−rβ−sRD2020PDY[[PDXYTQXY] 6

396 hsymm−trβ₃Dmβx−₄QmatrβxDm−m₂ran−sDβn₃orporat−₄DwβtαDnβtroΑ−nQ₄op−₄DΑrapα−n−Dnanosα−−tsDforD
αβΑαπyDs−π−₃tβv−DΑasDs−paratβonRD2020PDZUYPDUU]V_W 14

395 YQhmβnoQVQm−r₃aptoQUPWPXQtαβa₄βazoπ−D₃oat−₄DnβtroΑ−nQ₄op−₄Q₃ar₂onDspα−r−D₃omposβt−DforDtα−D
₄−t−rmβnatβonDofDpα−noπβ₃D₃ompoun₄sRD2020PDUY[PDUTYTVW 4

394 kuaπQkopβnΑDofDzuπfurDonDt−soporousDjar₂onDasDaDjatαo₄−DforDtα−DvxyΑ−nDy−₄u₃tβonDy−a₃tβonDan₄D
sβtαβumQzuπfurDiatt−rβ−sRD2020PD]PD]YW[Q]YX] 14

393 oβ−rar₃αβ₃aπDjoWvXDnanoro₄sDan₃αor−₄DonDnβtroΑ−nD₄op−₄Dr−₄u₃−₄DΑrapα−n−Doxβ₄−aDaDαβΑαπyD
−ffβ₃β−ntD₂βfun₃tβonaπD−π−₃tro₃ataπystDforDr−₃αarΑ−a₂π−D nâ��aβrD₂att−rβ−sRD2020PDUTPDUXXXQUXY[ 9

392 ’πtrafastQ₃αarΑβnΑDan₄DπonΑD₃y₃π−Qπβf−Dano₄−Dmat−rβaπsDofDTβvQ₂ronz−SnβtroΑ−nQ₄op−₄DΑrapα−n−D
nano₃omposβt−sDforDαβΑαQp−rforman₃−DπβtαβumQβonD₂att−rβ−sRRD2020PDUTPDXW]UUQXW]VX 12

391 nrapα−n−Qsupport−₄DsβnΑπ−QatomD₃ataπystsDan₄Dappπβ₃atβonsDβnD−π−₃tro₃ataπysβsRD2021PDWVPDTWVTTU 15

390 lπ−₃tronβ₃Dprop−rtβ−sDofD₃α−mβ₃aππyD₄op−₄DΑrapα−n−RD2019PDWPD 20

389 hDt−tαo₄DforDzyntα−sβsDofDuβtroΑ−nQkop−₄Dnrapα−n−DwβtαDoβΑαDzp−₃βfβ₃Dzurfa₃−Dhr−aRD2020PDX_YPDUY_QUZY 1

388 nrapα−n−Dan₄Dnrapα−n−Qsβδ−Dtat−rβaπsDforDoy₄roΑ−nDln−rΑyRD2020PDUYPDV[WQWTT 9

387 ma₂rβ₃atβonDan₄D’o“QzTtDv₂s−rvatβonDofDt−πamβn−Qhπ₄−αy₄−Duanostru₃tur−sDfromDzoπutβonsDonD
huRD2017PDW]PDW]XQW]_ 1

386 RD 2

385 nrapα−n−Dvxβ₄−Dan₄DptsDk−rβvatβv−saDTα−βrDzyntα−sβsDan₄D’s−DβnDvrΑanβ₃Dzyntα−sβsRD2019PDVWPDU]]QVTX 6

384 jαara₃t−rβzatβonDt−₃αnβqu−sDforDΑrapα−n−Q₂as−₄Dmat−rβaπsDβnD₃ataπysβsRD2017PDXPD[YYQ[]] 36
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383 uβtroΑ−nDkop−₄Dnrapα−n−DasDwot−ntβaπDtat−rβaπDforDoy₄roΑ−nDztoraΑ−RD2017PDTZPDXUQZT 51

382 y−₃−ntDTr−n₄sDofDvxyΑ−nDy−₄u₃tβonDjataπystsDβnDtβ₃ro₂βaπDmu−πDj−ππsaDhDy−vβ−wRD2019PDXUPDZY[QZ[Y 8

381
zβmuπtan−ousDlπ−₃tro₃α−mβ₃aπDk−t−rmβnatβonDofDoy₄roquβnon−PDjat−₃αoπDan₄Dy−sor₃βnoπDatD
uβtroΑ−nDkop−₄DworousDjar₂onDuanopoπyα−₄ronsQmuπtβwaππDjar₂onDuanotu₂−sDoy₂rβ₄Dtat−rβaπsD
to₄βfβ−₄DnπassyDjar₂onDlπ−₃tro₄−RD2014PDWYPDVTXQVUT

11

380 jontroππ−₄Dk−posβtβonDofDprβ₄βumDvxβ₄−Duanopartβ₃π−sDonDnrapα−n−RD2020PD]]PDW_VQW_Z 1

379 pnQpπan−DΑrapα−n−S₂oronDnβtrβ₄−Dα−t−rostru₃tur−sDan₄Dtα−βrDpot−ntβaπDappπβ₃atβonDasDtoxβ₃DΑasD
s−nsorsRRD2021PDUUPDWV]UTQWV]VW 7

378 uβtroΑ−nD₄op−₄D₃ar₂onDforDw₄Q₃ataπyz−₄Dαy₄ropurβfβ₃atβonDofD₃ru₄−Dt−r−pαtαaπβ₃Da₃β₄aDroπ−sDofD
nβtroΑ−nDsp−₃β−sRRD2021PDUUPDWWZXZQWWZYV 1

377 kop−₄DΑrapα−n−S₃ar₂onD₂πa₃δDαy₂rβ₄D₃ataπystDΑβvβnΑD−nαan₃−₄DoxyΑ−nDr−₄u₃tβonDr−a₃tβonDa₃tβvβtyD
wβtαDαβΑαDr−sβstan₃−DtoD₃orrosβonDβnDprotonD−x₃αanΑ−Dm−m₂ran−Dfu−πD₃−ππsRD2021PD 1

376 vn−Qzt−pDwr−paratβonDofDuβtroΑ−nQkop−₄DwπatβnumQias−₄DjataπystsDforDlπ−₃tro₃ataπytβ₃Dvxβ₄atβonD
ofDltαanoπRD2021PDUUPDUVZX 1

375 hDnov−πDr−₄DpαospαorusSr−₄u₃−₄DΑrapα−n−Doxβ₄−QjWuXD₃omposβt−DwβtαD−nαan₃−₄Dso₄βumDstoraΑ−D
₃apa₂βπβtyRD2021PD_TVPDUUY]U_ 1

374 lff−₃tDofDjar₂onDjonfβΑuratβonDonDt−₃αanβ₃aπPDmrβ₃tβonDan₄D”−arDi−αavβorDofDuβtroΑ−nQkop−₄D
kβamon₄Qsβδ−Djar₂onDmβπmsDforDtaΑn−tβ₃DztoraΑ−Dhppπβ₃atβonsRD2021PDZ_PDU 2

373 ztru₃tur−Q₃ontroππa₂π−DΑrowtαDofDnβtroΑ−nat−₄DΑrapα−n−DquantumD₄otsDvβaDsoπv−ntD₃ataπysβsDforD
s−π−₃tβv−DjQuD₂on₄Da₃tβvatβonRD2021PDUVPDY][_ 9

372 uQnrapα−n−Qt−taπQoxβ₄−Lsuπfβ₄−MDoy₂rβ₄Duanostru₃tur−saDzβnΑπ−Qzt−pDwπasmaQlna₂π−₄Dhpproa₃αDforD
ln−rΑyDztoraΑ−Dhppπβ₃atβonsRD2021PDUWWUYW 3

371 uov−πDzyntα−tβ₃Dhpproa₃αDtoDo−t−roatomDkop−₄Dwoπy₃y₃πβ₃Dhromatβ₃Doy₄ro₃ar₂onsaDvptβmβzβnΑDtα−D
iottomQ’pDhpproa₃αDtoDhtomβ₃aππyDwr−₃βs−Dkop−₄DuanoΑrapα−n−sRD2021PDVZPD 3

370 oβΑαπyDlffβ₃β−ntDan₄Djα−mos−π−₃tβv−Doy₄roΑ−natβonDofDuβtroDjompoun₄sDβntoDhmβn−sD₂yD
uβtroΑ−nQkop−₄DworousDjar₂onQzupport−₄DjoSuβDiβm−taππβ₃Duanopartβ₃π−sRD2021PDZTPDUZ]WXQUZ]W_ 1

369 WkDnβtroΑ−nQ₄op−₄DΑrapα−n−D₃r−at−₄D₂yDtα−Ds−₃on₄aryDβnt−r₃aπatβonDofD−tαanoπDwβtαD−nαan₃−₄D
sp−₃βfβ₃D₃apa₃βtyRD2021PDWWPD 7

368 uβtroΑ−nQkop−₄Dnrapα−n−DtonoπβtαDjataπystsDforDvxβ₄atβv−Dk−αy₄roΑ−natβonDofDwropan−RD2021PD_PD[Y__WZ 0

367 ioostβnΑDΑrapα−n−D−π−₃tro₃ataπytβ₃D−ffβ₃β−n₃yDβnDoxyΑ−nDr−₄u₃tβonDr−a₃tβonD₂yDm−₃αano₃α−mβ₃aππyD
βn₄u₃−₄DπowQt−mp−ratur−DnβtroΑ−nD₄opβnΑRD2021PDW__PDUW_XUT 2

366 wαospαorousDan₄DsuπfurD₄op−₄Daspαaπt−n−D₄−rβv−₄Da₃tβvat−₄D₃ar₂onDforDsup−r₃apa₃βtorDappπβ₃atβonRD
2021PDXXPDUTWWWU 1
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365 ’πtraQsta₂π−D₄y−Qs−nsβtβz−₄DΑrapα−n−DquantumD₄otDasDaDro₂ustDm−taπQfr−−Dpαoto₃ataπystDforD
αy₄roΑ−nDpro₄u₃tβonRD2021PDXTXPDV[WQV]V 2

364 ln₃y₃πop−₄βaDofDwoπym−rβ₃Duanomat−rβaπsRD2014PDUQUY

363 xuantumD₃apa₃βtan₃−Dp−rforman₃−DofD₄βff−r−ntDnβtroΑ−nD₄opβnΑD₃onfβΑuratβonsDofDΑrapα−n−RD2015PD
ZXPDUV[WTU

362 iasβ₃Dlπ−₃tro₃α−mβstryDofDjwsRD2018PDV]WQWT_

361 tβs₃−ππan−ousDjuTDhppπβ₃atβonsRD2018PD]_Q_T

360 juTDhppπβ₃atβonsDβnDzp−₃βaπβz−₄Dtat−rβaπsRD2018PDXYQX]

359 ztru₃turaπDhsp−₃tsDan₄DtorpαoπoΑyDofDjwsRD2018PDW]_QXTV

358 lπ−₃tronβ₃Dztru₃tur−Dan₄Djon₄u₃tβonDto₄−πsDofDnrapα−n−RD2018PDUTUQUTZ

357 lπ−₃tro₃αromβ₃sRD2018PDZTUQZVX

356 jπass−sDofDjwsaDwartDURD2018PDX]_QYT[

355 lπ−₃troQvptβ₃Dan₄Dvptβ₃aπDk−vβ₃−sRD2018PDZ[UQZ]X 1

354 jon₄u₃tβonDto₄−πsDan₄Dlπ−₃tronβ₃Dztru₃tur−DofDjuTsRD2018PDUUQUZ

353 tβs₃−ππan−ousDhppπβ₃atβonsRD2018PDZ_YQ[UY

352 juTDhppπβ₃atβonsDβnDtα−Dlnvβronm−ntDan₄DβnDtat−rβaπsD’s−₄DβnDz−paratβonDz₃β−n₃−RD2018PD]UQ][

351 nrapα−n−Dhppπβ₃atβonsDβnDkβspπaysDan₄DTranspar−ntPDjon₄u₃tβv−DmβπmsSzu₂strat−sRD2018PDUX[QUX]

350 jπass−sDofDjwsaDwartDVRD2018PDYT_QYXY

349 pntro₄u₃βnΑDjon₄u₃tβnΑDwoπym−rsDLjwsMRD2018PDUY_QU[X

348 zyntα−s−sDan₄Dwro₃−ssβnΑDofDjwsRD2018PDWUUQW]]
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347 wαysβ₃aπPDt−₃αanβ₃aπPDan₄DTα−rmaπDwrop−rtβ−sDofDjuTsRD2018PDWWQWZ

346 juTDhppπβ₃atβonsDβnDlπ−₃trβ₃aπDjon₄u₃torsPDâ��xuantumDuanowβr−sPâ��Dan₄Dwot−ntβaπDzup−r₃on₄u₃torsRD
2018PD[[Q[_

345 Toxβ₃oπoΑyDofDjuTsRD2018PDW[QW_

344 zyntα−sβsPDwurβfβ₃atβonPDan₄Djα−mβ₃aπDto₄βfβ₃atβonDofDjuTsRD2018PDU[QWU

343 pntro₄u₃βnΑDnrapα−n−RD2018PD_WQ__

342 z−nsorsRD2018PDYX_QY[X

341 jon₄u₃tβonDto₄−πsDan₄Dlπ−₃tronβ₃Dztru₃tur−DofDjwsRD2018PDU[YQVX_ 1

340 irβ−fPDn−n−raπDvv−rvβ−wDofDhppπβ₃atβonsRD2018PDUVWQUVX

339 lπ−₃tro₃α−mom−₃αanβ₃aπPDjα−mom−₃αanβ₃aπPDan₄Dy−πat−₄Dk−vβ₃−sRD2018PDZ]YQZ_W

338 kβspπaysPDpn₃πu₄βnΑDsβΑαtQlmβttβnΑDkβo₄−sDLslksMDan₄Djon₄u₃tβv−DmβπmsRD2018PDZVYQZYX

337 nrapα−n−Qias−₄Duanomat−rβaπsDforDoy₄roΑ−nDztoraΑ−RD2019PDVV_QVXY

336 y−₃−ntDh₄van₃−sDβnDtα−Dzyntα−sβsDan₄Dhppπβ₃atβonsDofDuβtroΑ−nQkop−₄Dnrapα−n−RD2019PDT_PDU[QWU

335 uβtroΑ−nDkopβnΑDofDjar₂onDuano₂aππoonsD₂yDya₄βoQfr−qu−n₃yDtaΑn−tronDwπasmaDan₄DlvaπuatβonDofD
tα−βrDvxyΑ−nDy−₄u₃tβonDy−a₃tβonDh₃tβvβtyRD2019PDUW_PDUXTQUXZ

334
pnDvβtroDj—TvTv–pjDlmmljTzDvmDo—iypkDnyhwolulDv–pklDuhuvjvtwvzpTlzDLαnvujsMDvuD
jy—vwylzly“lkDjhwypulD”ohyTvuâ��zDqlss—Dklyp“lkDtlzlujo—thsDzTltDjlsszDL”qQtzjsMRD
2019PD[PDWWYQWXV

333 iorD₄opπuDj“kDΑraf−nDˆ…r−tβmβDv−Dyaδ˜–tDpβπβDp−rformans˜–RD

332 ma₂rβ₃atβonDofDwoπym−rQnrapα−n−Duano₃omposβt−sRD2020PDUQUY 1

331 nrapα−n−DrotatβonaπDswβt₃αDtαrouΑαDva₃an₃yD₄−f−₃tDan₄DnβtroΑ−nD₄opβnΑRD2020PDUYPDZUTQZUW

330 TunβnΑDm−taπD₃ataπystsDvβaDnβtroΑ−nQ₄op−₄Dnano₃ar₂onsDforD−n−rΑyD₃α−mβstryaDmromDm−taπD
nanopartβ₃π−sDtoDsβnΑπ−Dm−taπDsβt−sRD2021PDWPDUTTTZZ 3
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329
zono₃α−mβπumβn−s₃−n₃−D’sβnΑDhp−rtur−π−ssD’ziDwβ−zo−π−₃trβ₃D’πtrasonβ₃DTrans₄u₃−rDan₄DptsD
hppπβ₃atβonsDforDtα−Dk−t−₃tβonDofDoy₄roΑ−nDw−roxβ₄−PDnπu₃os−PDan₄Dnπu₃os−Dvxβ₄as−Dh₃tβvβtyRD2021PD
_WPDUX_WXQUX_W_

2

328 zβmuπtan−ousDquaπβtatβv−D₄−t−₃tβonDofDjπvâ��Dan₄DuvVâ��D₂as−₄DonDtβm−D₄βff−r−ntβatβonDwβtαDaD
m−VOguQjksDpro₂−RD2021PDVWPDU 2

327 zαortQrout−Dsyntα−sβsDm−tαo₄DofDuQ₄op−₄D−xfoπβat−₄DΑrapαβt−DwαβtD₃ataπytβ₃Da₃tβvβtyDforDtα−DoxyΑ−nD
r−₄u₃tβonDr−a₃tβonRD2020PDYPDV_W_QV_XZ

326 hDnov−πD−π−₃tro₃α−mβ₃aπD₂βos−nsorDforDs−nsβtβv−D₄−t−₃tβonDofDnonQsmaππD₃−ππDπunΑD₃an₃−rD₃tkuhDusβnΑD
unQwlpQjvmThwiQTmwiDasDs−nsβnΑDpπatformDan₄Dm−QtvmDforDsβΑnaπD−nαan₃−m−ntRD2022PDWYTPDUWT][X 2

325 lartαQa₂un₄antD−π−₃tro₃ataπystsDforDsustaβna₂π−D−n−rΑyD₃onv−rsβonRD2022PDUWUQUZ]

324 nrapα−n−D−π−₃tro₄−Dfun₃tβonaπβzatβonDforDαβΑαDp−rforman₃−Dαy₂rβ₄D−n−rΑyDstoraΑ−DwβtαDvana₄yπD
suπfat−Dr−₄oxD−π−₃troπyt−sRD2022PDYU[PDVWT[UV 1

323 hDn−wDsp−ntD₃off−−DΑroun₄sD₂as−₄D₂βo₃αarDQDw−rsuπfat−D₃ataπytβ₃Dsyst−mDforD−nαan₃−m−ntDofDur−aD
r−movaπDβnDr−₃πaβm−₄Dwat−rDforDuπtrapur−Dwat−rDpro₄u₃tβonRD2022PDV]]PDUWVXY_ 4

322 to₄uπatβonDofD₃ar₂onDβn₄u₃−₄Dp−rsuπfat−Da₃tβvatβonD₂yDnβtroΑ−nD₄opantsaDr−₃−ntDa₄van₃−sDan₄D
p−rsp−₃tβv−sRD 9

321 hmβn−Q₂as−₄Dsyntα−sβsDofDm−WjDnanomat−rβaπsaDm−₃αanβsmDan₄Dβmpa₃tDofDsyntα−tβ₃D₃on₄βtβonsRD2021
PD 1

320 hDk−f−₃tβv−Duanotu₂−Dtoπ−₃uπ−DofDjYYVoX_ZuVXDwβtαDwyrβ₄βnβ₃Dan₄Dwyrroπβ₃DuβtroΑ−nDhtomsRD

319 tvmQk−rβv−₄DWkDworousDjar₂onDh−roΑ−πsDasDanDlffβ₃β−ntDh₄sor₂−ntDforDToπu−n−DβnDoumβ₄DhβrRD2021PDUTZ[VV 1

318 zurfa₃−D₃αara₃t−rβzatβonDofDπowD−n−rΑyDzβDβonDβmpπant−₄DΑrapα−n−RD2021PDY[ZPDUYU]UZ 0

317 wr−paratβonDofDnβtroΑ−nQ₄op−₄DporousD₃ar₂onD₂yDur−aQformaπ₄−αy₄−Dr−sβnDforDtα−D₃onstru₃tβonDofD
m−m₂ran−Da₄sorptβonDr−a₃torDtoDr−mov−Dr−fra₃toryDpoππutantRD2021PDUVTUTY 0

316 Tra₃δβnΑDtα−D₃ompπ−t−D₄−Αra₄atβonDπβf−₃y₃π−DofDpoπyL−tαyπD₃yanoa₃ryπat−MaDfromDβn₄u₃−₄D
pαotoπumβn−s₃−n₃−DtoDnβtroΑ−nQ₄op−₄DnanoQΑrapα−n−Dpr−₃ursorDr−sβ₄u−RD2021PDUT_[[V 1

315 “βoπoΑ−nQ₂as−₄D₃ovaπ−ntDtrβazβn−Dfram−worδsDforDuvVDs−nsβnΑDatDroomDt−mp−ratur−RD2021PDUWUTXY 1

314 hDk−f−₃tβv−Duanotu₂−Dtoπ−₃uπ−DofDjDoDuDwβtαDwyrβ₄βnβ₃Dan₄Dwyrroπβ₃DuβtroΑ−nDhtomsRD2021PD 3

313 jQmD₂on₄βnΑDβnDfπuorβnat−₄DuQkop−₄D₃ar₂onsRD2021PDUYU[VU 3

312 lπ−₃tro₃ataπytβ₃Dh₃tβvβtyDofDo−t−roatomQkop−₄Dnrapα−n−DforDvxβ₄atβonDofDoy₄roquβnon−sRD2020PD]]PDXT[QXUV 0
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311 mβn−QTunβnΑDwyrβ₄βnβ₃DuβtroΑ−nDβnDuβtroΑ−nQkop−₄DworousDjar₂onDuanostru₃tur−sDforDioost−₄D
w−roxβ₄as−Qsβδ−Dh₃tβvβtyDan₄Dz−nsβtβv−Diβos−nsβnΑRD2020PDVTVTPD]VTVY]X 7

310 wπasmaDuβtroΑ−nDkopβnΑDofDuanostru₃tur−₄Dy−₄u₃−₄Dnrapα−n−Dvxβ₄−RD2020PDUYPD[WYQ[XT 2

309 y−₃−ntDr−s−ar₃αDproΑr−ss−sDβnDsustaβna₂π−D₃ar₂onQ₂as−₄D−π−₃tro₃ataπystsDofDoxyΑ−nDr−₄u₃tβonD
r−a₃tβonRDU 2

308 hDr−vβ−wDonD₃ar₂onDnanomat−rβaπsDforDrQβonD₂att−ryDano₄−aDwroΑr−ssDan₄Dp−rsp−₃tβv−sRD 1

307 wyrroπβ₃PDpyrβ₄βnβ₃PDan₄DΑrapαβtβ₃Dsuman−n−DasDm−taπQfr−−D₃ataπystDforDoxyΑ−nDr−₄u₃tβonDr−a₃tβonDâ��DhD
₄−nsβtyDfun₃tβonaπDtα−oryDstu₄yRD2021PDVUPDX_T 2

306 vn−QpotDsyntα−sβsDofDporousDw₄Qpoπypyrroπ−SnβtroΑ−nQ₄op−₄DΑrapα−n−Dnano₃omposβt−DasDαβΑαπyD
−ffβ₃β−ntD₃ataπystDforD−π−₃trooxβ₄atβonDofDaπ₃oαoπsRD2021PD 2

305 lff−₃tDofDsyntα−sβsD₃on₄βtβonsDonDtα−Dprop−rtβ−sDofDΑrapα−n−D₄op−₄DwβtαDnβtroΑ−nDatomsRDUQY

304 ioostβnΑDwαoto₃ataπytβ₃Dh₃tβvβtyD’sβnΑDjar₂onDuβtrβ₄−Dias−₄DVkSVkDvanD₄−rD”aaπsDo−t−roγun₃tβonsRD 14

303 tx−n−D₃oupπ−₄Dov−rDnβtroΑ−nQ₄op−₄DΑrapα−n−Dan₃αorβnΑDpaππa₄βumDnano₃rystaπsDasDanDa₄van₃−₄D
−π−₃tro₃ataπystDforDtα−D−tαanoπD−π−₃trooxβ₄atβonRD2021PD 4

302 lxp−rβm−ntaπDan₄Dnum−rβ₃aπDstu₄yDonDsm−₃tβ₃DaπβΑn−₄Dzβr₃onβumDpαospαat−D₄−₃orat−₄DΑrapα−n−D
oxβ₄−Dαy₂rβ₄sD−ff−₃tsDov−rDwat−r₂orn−D−poxyDmuπtβQfun₃tβonaπDprop−rtβ−sD−nαan₃−m−ntRD2021PDUT[PDUZYQUZY 2

301 Trβ−tαyπ₂oran−DasDzβnΑπ−DioronDan₄Djar₂onDzour₃−DTowar₄Dzta₂π−Dan₄DoomoΑ−n−ousDioronQkop−₄D
nrapα−n−RDVUTTYXT

300 hDtα−or−tβ₃aπDstu₄yDofDaππopurβnoπD₄ruΑDs−nsβnΑD₂yD₃ar₂onDan₄D₂oronDnβtrβ₄−Dnanostru₃tur−saDkmTPD
xThptPDyknPDuivDan₄DwjtDβnsβΑαtsRRD2021PDUUPDW]XY[QW]X[V 5

299 jom₂βnatβonDofDr−₄oxQa₃tβv−DnaturaπDβn₄βΑoD₄y−Dan₄D₂βoQ₄−rβv−₄D₃ar₂onDfromDrβ₄Α−DΑour₄DfruβtDforD
αβΑαQp−rforman₃−Dasymm−trβ₃Dsup−r₃apa₃βtorsRDU 0

298 uβtroΑ−nQ₄op−₄DΑrapα−n−Dfβ₂−rD−π−₃tro₄−sDwβtαDoptβmaπDmβ₃roQSm−soQSma₃roQporosβtyDratβosDforD
αβΑαQp−rforman₃−Dfπ−xβ₂π−Dsup−r₃apa₃βtorsRD2022PDYVTPDVWT]ZZ 1

297 joQ−m₂−₄₄−₄DnβtroΑ−nQ−nrβ₃αβnΑD₂βomassQ₄−rβv−₄DporousD₃ar₂onDforDαβΑαπyD−ffβ₃β−ntDoxyΑ−nD
r−₄u₃tβonDan₄Dfπ−xβ₂π−Dzβn₃QaβrD₂att−ryRD2022PD]_ZPDUZVZTX 2

296 tuπtβQα−t−roatomQ₄op−₄D₃ar₂o₃ataπystDasDp−roxymonosuπfat−Dan₄Dp−roxy₄βsuπfat−Da₃tβvatorDforD
wat−rDpurβfβ₃atβonaDhD₃rβtβ₃aπDr−vβ−wRRD2021PDXVZPDUV]T[[ 1

295
’πtraQsmaππD₃o₂aπtDnanopartβ₃π−sD−m₂−₄₄−₄DβntoDuQ₄op−₄Dαβ−rar₃αβ₃aπDporousD₃ar₂onD₄−rβv−₄DfromD
ponQlx₃αanΑ−DtvmsDasDαβΑαQ−ffβ₃β−ntD₂βfun₃tβonaπD₃ataπystsDforDr−₃αarΑ−a₂π−D nQaβrD₂att−ryRD2022PD
XWWPDUWXXZ_

2

294 ya₄βoQfr−qu−n₃yDpπasmaDassβst−₄Dr−₄u₃tβonDan₄DnβtroΑ−nD₄opβnΑDofDΑrapα−n−Doxβ₄−RD2022PDU]_PDY[UQY[]
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293 k−f−₃tDsta₂βπβz−₄Dm−DatomDonDporousDiuDsα−−tDasDaDpot−ntβaπD−π−₃tro₃ataπystDforDoxyΑ−nDr−₄u₃tβonD
r−a₃tβonaDhDfβrstQprβn₃βpπ−sDβnv−stβΑatβonRD2022PDY]TPDUYVV[U 0

292 say−r−₄Qstru₃tur−DuQ₄op−₄D−xpan₄−₄QΑrapαβt−S₂oronDnβtrβ₄−D₃omposβt−sDtowar₄sDαβΑαD
p−rforman₃−DofDmβ₃rowav−Da₂sorptβonRD2022PDUUWPD[UQ]U 3

291 uβtroΑ−nDpmpπantatβonDtoDnrapα−n−Dvxβ₄−sRDhDya₄βoDmr−qu−n₃yDwπasmaDTr−atm−ntDan₄D
jomputatβonaπDhpproa₃αDâ��Dpmpπβ₃atβonsDforDlπ−₃tro₃ataπytβ₃Dhppπβ₃atβonRD

290 vn−Qst−pDsyntα−sβsDofDnβtroΑ−nQ₄op−₄DΑrapα−n−Dpow₄−rsDan₄Dappπβ₃atβonDofDtα−mDasD
αβΑαQp−rforman₃−Dsymm−trβ₃aπD₃oβnD₃−ππDsup−r₃apa₃βtorsDβnD₄βff−r−ntDaqu−ousD−π−₃troπyt−RD 1

289 lffβ₃β−ntDan₄Dz−π−₃tβv−Doy₄roΑ−natβonDofDYQoy₄roxym−tαyπfurfuraπDtoDVPYQkβm−tαyπfuranDvv−rDaD
uonQno₂π−DjoujxSuβm−vDjataπystRDU 0

288 tuπtβpπ−Droπ−sDofDΑrapα−n−DβnD−π−₃tro₃ataπystsDforDm−taπQaβrD₂att−rβ−sRD2022PD 1

287 ztru₃tur−Dan₄DtaΑn−tβsmDofDm−wQsay−rDuanoΑrapα−n−Djπust−rsDβnDjar₂onDtβ₃rospα−r−sRD2022PDUVZPDX_WQYTX

286 h₄vantaΑ−sDan₄DπβmβtatβonsDofDfun₃tβonaπβz−₄DΑrapα−n−Q₂as−₄D−π−₃tro₃α−mβ₃aπDs−nsorsDforD
−nvβronm−ntaπDmonβtorβnΑRD2022PDX][QYVT 0

285 uQkop−₄Dnrapα−n−πβδ−Duanostru₃tur−sDfromDQuβtroDhnβπβn−Qias−₄DmoamaDmormatβonPDztru₃tur−PDan₄D
hppπβ₃atβonsDasDaDuanofβππ−rRRD2022PD[PDWVWTQWVW_ 2

284 lπ−₃tro₃α−mβ₃aππyDr−₄u₃−₄DΑrapα−n−Doxβ₄−aDwr−paratβonPD₃omposβt−sPDan₄Dappπβ₃atβonsRD2022PDU_UPDWTUQWWV 4

283 uanosβz−₄D₃opp−rDsta₂βπβz−₄DonDt−rnaryDwPDuPDzQ₄op−₄DΑrapα−n−DfromD₃αβtosanDsα−ππfβsαDwast−aD
pr−paratβonDan₄D₃ataπysβsDofDsβnΑπ−Dan₄D₄ou₂π−DhWQtyp−Damβn−D₃oupπβnΑRD2022PDU]PDUTTUT_ 0

282 wQkop−₄DΑrapα−n−QjDnano₃omposβt−aDaD₄onorQa₃₃−ptorD₃ompπ−xDwβtαDaDwQjD₄atβv−D₂on₄RRD2022PD 2

281 t–−n−sDan₄Dtα−βrD₃omposβt−sDforD−n−rΑyDstoraΑ−Dan₄D₃onv−rsβonRD2022PDVTUQVXT

280 w−rm−a₂βπβtyDofD₂oronQDan₄DnβtroΑ−nQ₄op−₄DΑrapα−n−Dnanofπaδ−sDforDprotβumS₄−ut−rβumDβonsRRD2022
PDUVPDW]]WQW]_U

279 vxyΑ−nDr−₄u₃tβonDr−a₃tβonsDfromD₂oronQ₄op−₄DΑrapα−n−DquantumD₄otD₃ataπystD−π−₃tro₄−sDβnDa₃β₄β₃D
an₄Daπδaπβn−D−π−₃troπyt−sRD2022PDUTXU_Z 1

278 lπ−₃tro₃ataπystsDias−₄DonDuov−πDjar₂onDmormsDforDtα−Dvxβ₄atβonDofDzuπpαβt−RD2022PDUVPD_W

277 oβΑαQvoπtaΑ−Daqu−ousDsymm−trβ₃Dsup−r₃apa₃βtorsD₂as−₄DonDWkD₂β₃ontβnuousPDαβΑαπyDwrβnδπ−₄PD
uQ₄op−₄DporousDΑrapα−n−Qπβδ−DuπtratαβnD₃ar₂onDsα−−tsRD 1

276 lff−₃tDofDnraβnDioun₄arβ−sâ��DkopβnΑDonDtα−Dt−₃αanβ₃aπDwrop−rtβ−sDofDuβtroΑ−nQkop−₄Diβ₃rystaππβn−D
nrapα−n−RD2022PDUVUPDUT][[U 2
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275 Tα−D−ff−₃tDofDuQ₄opβnΑDonDtα−D−π−₃tronβ₃Dstru₃tur−Dprop−rtyDan₄Dtα−DπβDan₄DuaDstoraΑ−D₃apa₃βtyDofD
Αrapα−n−Dnanomat−rβaπsaDhDfβrstQprβn₃βpπ−sDstu₄yRD2022PDXTWPDUW_[U_ 0

274 lnαan₃−₄Dtα−rmo−π−₃trβ₃Dp−rforman₃−DofD₄−f−₃tD−nΑβn−−r−₄Dmonoπay−rDΑrapα−n−RRD2022PD 0

273 lffβ₃β−ntDr−movaπDofDoVzDwβtαDzβn₃Doxβ₄−SnβtroΑ−nQ₄op−₄Dor₄−r−₄Dm−soporousD₃ar₂onsDatDroomD
t−mp−ratur−RD2022PDUUU[UV 1

272 vxyΑ−nDy−₄u₃tβonDy−a₃tβonDjataπys−₄D₂yDzupport−₄Duanopartβ₃π−saDh₄van₃−m−ntsDan₄Djαaππ−nΑ−sRD 1

271 o−t−roatomQhn₃αor−₄DworousDjar₂onDasDlffβ₃β−ntDlπ−₃tro₃ataπystDforDvxyΑ−nDy−₄u₃tβonDy−a₃tβonRD 1

270 TunβnΑDjvVDoy₄roΑ−natβonDz−π−₃tβvβtyD₂yDuQkop−₄Djar₂onDjoatβnΑDov−rDuβ₃δ−πDuanopartβ₃π−sD
zupport−₄DonDzβvVRD 1

269 j−vVDquantumD₄otsD−m₂−₄₄−₄DβnDWkDαβ−rar₃αβ₃aπDporousDfoπβa₃−ousDuQ₄op−₄D₃ar₂onDasDanD−ffβ₃β−ntD
oxyΑ−nDr−₄u₃tβonD−π−₃tro₃ataπystDforDm−taπQaβrD₂att−ryRD2022PDUZXTZW 2

268 zyntα−sβsPD₃αara₃t−rβzatβonPDan₄Dappπβ₃atβonDofDΑ−n−D₃onγuΑat−₄Dpoπym−rβz−₄DnβtroΑ−nQ₄op−₄D
Αrapα−n−DquantumD₄otsD₃arrβ−rsDforDβnDvβvoD₂βoQtarΑ−tβnΑDβnDn−uro₂πastomaDtr−atm−ntRD2022PDUWUPDUTXUZ[ 1

267 hDr−vβ−wDofD₄−f−₃tD−nΑβn−−rβnΑDβnDtwoQ₄βm−nsβonaπDmat−rβaπsDforD−π−₃tro₃ataπytβ₃Dαy₄roΑ−nD
−voπutβonDr−a₃tβonRD2022PDXWPDZWZQZ[] 9

266
hDfa₃βπ−Don−QpotDsyntα−sβsDofDmaΑn−tβ₃DβronDoxβ₄−Dnanopartβ₃π−sD−m₂−₄DuQ₄op−₄DΑrapα−n−Dmo₄βfβ−₄D
maΑn−tβ₃Ds₃r−−nDprβnt−₄D−π−₃tro₄−DforD−π−₃tro₃α−mβ₃aπDs−nsβnΑDofD₃απorampα−nβ₃oπDan₄D
₄β−tαyπstβπ₂−stroπRRD2022PDVXUPDUVWU]X

1

265 z−π−₃tβv−D₃π−avaΑ−DofDjâ��vD₂on₄DβnDπβΑnβnDan₄DπβΑnβnDmo₄−πD₃ompoun₄sDov−rDβronSnβtroΑ−nD₃oQ₄op−₄D
₃ar₂onDsupport−₄DuβD₃ataπystRD2022PDWUZPDUVWWW] 0

264 uβtroΑ−nQ₄op−₄Dαy₄ro₃αarsDfromDsαrβmpDwast−DasDvβsβ₂π−QπβΑαtDpαoto₃ataπystsaDyoπ−sDofDnβtroΑ−nD
sp−₃β−sRRD2022PDVT]PDUUVZ_Y 0

263 woπarβzatβonQkrβv−nQvrβ−ntatβonDz−π−₃tβv−DnrowtαDofDzβnΑπ−Qjrystaππβn−DpppQuβtrβ₄−Dz−mβ₃on₄u₃torsD
onDhr₂βtraryDzu₂strat−sRDVUUWVUU 0

262 TunβnΑDh₃tβv−Dzp−₃β−sDβnDuQkop−₄Djar₂onDwβtαDm−Sm−jDuanopartβ₃π−sDforDlffβ₃β−ntDvxyΑ−nD
y−₄u₃tβonDy−a₃tβonRRD2022PD 3

261 y−₃−ntDh₄van₃−sDβnDioronQDan₄DuβtroΑ−nQkop−₄Djar₂onQias−₄Dtat−rβaπsDan₄DTα−βrD“arβousD
hppπβ₃atβonsRDVUTU_ZX 5

260
y−₃y₃πβnΑDofDlπ−₃tro₄−Dtat−rβaπsDfromDzp−ntDsβtαβumQponDiatt−rβ−sDtoDk−v−πopDnrapα−n−D
uanosα−−tsDan₄Dnrapα−n−â��toπy₂₄−numDkβsuπfβ₄−Duanoαy₂rβ₄aDlnvβronm−ntaπDi−n−fβtsPDhnaπysβsDofD
zup−r₃apa₃βtorDw−rforman₃−PDan₄Dpnfπu−n₃−DofDk−nsβtyDmun₃tβonaπDTα−oryDjaπ₃uπatβonsRD

0

259 pnt−rfa₃βaπDhss−m₂πyDofDmun₃tβonaπDt−soporousDjar₂onQias−₄Dtat−rβaπsDβntoDmβπmsDforDiatt−rβ−sDan₄D
lπ−₃tro₃ataπysβsRDVUTU__] 4

258 pmprov−₄Dvβsβ₂π−QπβΑαtDa₃tβvβtβ−sDofDuπtratαβnDjow₃SΑQjWuXDα−t−roγun₃tβonsD₂yDuQ₄op−₄DΑrapα−n−D
mo₄uπatβonDforDs−π−₃tβv−D₂−nzyπDaπ₃oαoπDoxβ₄atβonRD2022PDUTT_ZW 1
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257 ioronQ₄op−₄D₃ar₂onDnanopartβ₃π−sDforDβ₄−ntβfβ₃atβonDan₄Dtra₃βnΑDofDmβ₃ropπastβ₃sDβnDâ��TurnQonâ��D
fπuor−s₃−n₃−Dmo₄−RD2022PDXWYPDUWYT[Y 0

256 tβ₃rowav−Qassβst−₄Dsyntα−sβsDofDw−ππQ₄−fβn−₄DnβtroΑ−nD₄opβnΑD₃onfβΑuratβonDwβtαDαβΑαD₃−ntraπβtyDβnD
₃ar₂onDtoDβ₄−ntβfyDtα−Da₃tβv−Dsβt−sDforD−π−₃tro₃α−mβ₃aπDαy₄roΑ−nDp−roxβ₄−Dpro₄u₃tβonRD2022PDU_UPDWXTQWX_ 0

255 zyntα−sβsDofDnβtroΑ−nQ₄op−₄D₃ar₂onsDfromDsβnΑπ−Qsour₃−Dpr−₃ursorsD₂yDsoπutβonDpπasmaRD2022PDX[YQYTY

254 k−f−₃tβv−Djar₂onDuanostru₃tur−sDforDiβom−₄β₃aπDhppπβ₃atβonRD2022PDUQWX

253 wrβn₃βpπ−sDan₄Diβom−₄β₃aπDhppπβ₃atβonDofDnrapα−n−DmamβπyDuanomat−rβaπsRRD2022PDUWYUPDWQVV

252 y−₃−ntDwroΑr−ssDβnDuQkop−₄Dnrapα−n−aDwrop−rtβ−sDan₄Dhppπβ₃atβonsRD2022PDUXWQUY]

251 oy₄rotα−rmaπDsyntα−sβsDofDnβtroΑ−nQ₄op−₄DΑrapα−n−DquantumD₄otsDasDaDfπuor−s₃−ntDpro₂−DtoD
₄−t−₃tDm−r₃uryDLppMDβonsDβnDanDaqu−ousDsampπ−RD2022PDYPDUWWQUXW 0

250 ’nrav−ππβnΑDtα−DorβΑβnDofDtα−D₃apa₃βtan₃−DβnDnanostru₃tur−₄DnβtroΑ−nQ₄op−₄D₃ar₂onDQDuβvDαy₂rβ₄D
−π−₃tro₄−sD₄−posβt−₄DwβtαDπas−rRD2022PD 0

249 lff−₃tDofDnrapα−n−Dh₄₄βtβv−sDonDtα−Dztru₃tur−Dan₄Dvptβ₃aπDwaram−t−rsDofDwur−Dzo₄βumDiorat−D
nπassRD2022PDYUPDVVTWQVVUU 1

248 ma₂rβ₃atβonDofDΑrapα−n−STβtanβaDnanoΑrassD₃omposβt−DonDsαap−Dm−moryDaππoyDasDpαotoano₄−sDforD
pαoto−π−₃tro₃α−mβ₃aπDstu₄β−saDyoπ−DofDtα−DΑrapα−n−RD2022PD 0

247 jurr−ntDa₄van₃−sDβnDp−rovsδβt−Doxβ₄−sDsupport−₄DonDΑrapα−n−Q₂as−₄Dmat−rβaπsDasDβnt−rfa₃βaπDπay−rsD
ofDp−rovsδβt−DsoπarD₃−ππsRDUQVT 1

246 k−v−πopm−ntDofDnβtroΑ−nQ₄−₃orat−₄D₃ar₂onD₄otsDLujksMDtα−rmaππyD₃on₄u₃tβv−DfβπmDforDwβn₄owsD
appπβ₃atβonRDU 0

245 ztru₃turaπD₄−f−₃tsDβnDΑrapα−n−DquantumD₄otsaDhDr−vβ−wRD 1

244 uβtroΑ−nat−₄Dnrapα−n−Dvxβ₄−Qk−₃orat−₄Dt−taπDzuπfβ₄−sDforDi−tt−rDhntβfouπβnΑDan₄Dky−Dy−movaπRRD
2022PD[PD_Z[XQ_Z]W 1

243 jα−mβ₃aπDvaporD₄−posβtβonQΑrownDnβtroΑ−nQ₄op−₄DΑrapα−n−â��sDsyntα−sβsPD₃αara₃t−rβzatβonDan₄D
appπβ₃atβonsRD2022PDZPD 2

242 LiβoMhnaπytβ₃aπDuanos₃β−n₃−DJampbDuanot−₃αnoπoΑyRDUQWU

241 mormatβonDan₄Dpαotoβn₄u₃−₄D−π−₃tronDtransf−rDβnDporpαyrβnQDan₄Dpαtαaπo₃yanβn−QD₂−arβnΑDuQ₄op−₄D
Αrapα−n−Dαy₂rβ₄sDsyntα−sβz−₄DvβaD₃πβ₃δD₃α−mβstryRRD2022PD 0

240 h₃tβv−Dan₄Dy−Αβos−π−₃tβv−DyuDzβnΑπ−Qzβt−Do−t−roΑ−n−ousDjataπystsDforDhπpαaQvπ−fβnD
oy₄roformyπatβonRDACS CatalysisPD2022PDUVPDXU]VQXU_W 13.1 3
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239 h₄sorptβonDofDTransβtβonQt−taπDjπust−rsDonDnrapα−n−Dan₄DuQkop−₄Dnrapα−n−aDhDkmTDztu₄yRRD2022PD 3

238 nβantDuarrowQian₄Dvptβ₃aπDh₂sorptβonDan₄Dkβstβn₃tβv−Dlx₃βtonβ₃Dztru₃tur−sDofDtonoπay−rDjWuDan₄DRD
2022PDU[PD 0

237 jαarDztru₃tur−Dan₄DjαarrβnΑDt−₃αanβsmDofDwαospαaz−n−Qias−₄DlpoxyDy−sβnD₄urβnΑDjom₂ustβonRD
2022PDUT__V[ 1

236 TwoQ₄βm−nsβonaπDπay−r−₄D₃ar₂onQ₂as−₄D₃ataπytβ₃DozonatβonDforDwat−rDpurβfβ₃atβonaDyatβonaπD₄−sβΑnD
ofD₃ataπystsDan₄DanDβnQ₄−ptαDun₄−rstan₄βnΑDofDtα−Dβnt−rfa₃βaπDr−a₃tβonDm−₃αanβsmRRD2022PD]WVPDUYYT[U 0

235 lπ−₃tro₃α−mβ₃aπDβmmuno´ ₄−t−rmβnatβonDofD₃onn−₃tβv−Dtβssu−DΑrowtαDfa₃torDπ−v−πsDonD
nβtroΑ−nQ₄op−₄DΑrapα−n−RRD2022PDU]_PDU][

234 t−taΑ−nomβ₃sDun₃ov−rsDtα−D−ff−₃tDofDnβtroΑ−nQ₄op−₄DΑrapα−n−DonDanammoxD₃onsortβaDan₄D
mβ₃ro₂βaπDfun₃tβonRRD2022PDWYUPDUVZ__] 1

233 lπ−₃tro₃α−mβ₃aπDjvVD₃onv−rsβonDtoDfu−πsDonDm−taπQfr−−DuQ₄op−₄D₃ar₂onQ₂as−₄Dmat−rβaπsaD
fun₃tβonaπβtβ−sPDm−₃αanβstβ₃PDan₄Dt−₃αno−₃onomβ₃Dasp−₃tsRD2022PDVXPDUTT]W] 0

232 Tα−or−tβ₃aπD−vaπuatβonDan₄D−xp−rβm−ntaπD₄−sβΑnDofDnβtroΑ−nD₄op−₄DporousD₃ar₂onDfromDjuQ₂as−₄D
m−taπQorΑanβ₃Dfram−worδsDforDπβtαβumQβonD₂att−rβ−sRD2022PDWTPDUTU]YU

231 jomputatβonaπDs₃r−−nβnΑDofDsβnΑπ−DtransβtβonDm−taπDatomD−m₂−₄₄−₄DβnDnβtroΑ−nD₄op−₄DΑrapα−n−D
forDjoXD₄−t−₃tβonRD2022PDWUPDUTWW]W

230 jar₂onDnanotu₂−Q₂as−₄Dmat−rβaπsDforDp−rsuπfat−Da₃tβvatβonDtoD₄−Αra₄−DorΑanβ₃D₃ontamβnantsaD
wrop−rtβ−sPDm−₃αanβsmsDan₄Dmo₄βfβ₃atβonDβnsβΑαtsRRD2022PDXWUPDUV]YWZ 3

229 w−atDsoβπQ₄−rβv−₄Dsβπβ₃aD₄op−₄DporousDΑrapαβtβ₃D₃ar₂onDwβtαDαβΑαDyβ−π₄DforDαβΑαQp−rforman₃−D
aππQsoπβ₄Qstat−Dsymm−trβ₃Dsup−r₃apa₃βtorsRD2022PDYTPDUTXV[] 9

228 y−₃−ntDa₄van₃−sDβnD₃ar₂ona₃−ousDsustaβna₂π−Dnanomat−rβaπsDforDwast−wat−rDtr−atm−ntsRD2022PDWVPD−TTXTZ 5

227 jhyivuQihzlkDjhTovklDjhThs—zTzD’zlkDpuDtpjyviphsDm’lsDjlsszDmvyD”hzTl”hTlyD
TylhTtluTDhukDlulyn—Dyljv“ly—RD2021PDVTVUPDVXQWW

226 hDkmTDstu₄yDofDtα−D−ff−₃tDofDsta₃δβnΑDonDtα−DquantumD₃apa₃βtan₃−DofD₂βπay−rDΑrapα−n−Dmat−rβaπsRD
2021PDWZPDUTZVQUT[T 2

225 k−v−πopm−ntPD₄βπ−mmaDan₄Dpot−ntβaπDstrat−Αβ−sDforDtα−Dappπβ₃atβonDofDnano₃ataπystsDβnDwast−wat−rD
₃ataπytβ₃DozonatβonaDhDr−vβ−wRD2023PDUVXPDWWTQWX_ 3

224 pmprov−₄Dαy₄roΑ−nD−voπutβonDp−rforman₃−D₂yD−nΑβn−−rβnΑD₂βm−taππβ₃Dhuw₄Dπoa₄−₄DonDamβnoDan₄D
nβtroΑ−nDfun₃tβonaπβz−₄Dm−soporousDαoππowD₃ar₂onDspα−r−sRRD2022PDUVPDUU[WVQUU[W_

223 zβD₄op−₄DTQΑrapα−n−aDVkDsattβ₃−DasDhno₄−D−π−₃tro₄−DβnDuaDponDz−₃on₄aryDiatt−rβ−sRD 1

222 zyn−rΑβstβ₃D−ff−₃tDofD₃−ππuπos−Dnano₃rystaπsQΑrapα−n−Doxβ₄−DasDanD−ff−₃tβv−Dnanofβππ−rDforD−nαan₃βnΑD
prop−rtβ−sDofDsoπv−ntπ−ssDpoπym−rDnano₃omposβt−sRD2022PDUT__U] 0
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221 lffβ₃β−ntπyDpnt−Αrat−₄Dk−suπfurβzatβonDfromDuaturaπDnasDov−rD nQ pmQk−rβv−₄Doβ−rar₃αβ₃aπDsam−ππarD
jar₂onDmram−worδsRRD2022PD 0

220 wrop−rtβ−sDan₄Dappπβ₃atβonsDofDquantumD₄otsD₄−rβv−₄DfromDtwoQ₄βm−nsβonaπDmat−rβaπsRD2022PD[PD

219 uβtroΑ−nQ₄opβnΑD−ff−₃tsDonDf−wQπay−rDΑrapα−n−DasDanDano₄−Dmat−rβaπDforDsβtαβumQβonD₂att−rβ−sRD
2022PDUTWX_] 1

218 kataüzα−−tüUR₄o₃xRD2019PD

217 uov−πDsyntα−sβsDofDmuπtβ₃ompon−ntDporousDnanoQαy₂rβ₄D₃omposβt−PDtα−or−tβ₃aπDβnv−stβΑatβonDusβnΑD
kmTDan₄D₄y−Da₄sorptβonDappπβ₃atβonsaD₄βsposβnΑDofDwast−DwβtαDwast−RRD2022PDU 1

216 ztru₃turaπDan₄D−π−₃tronβ₃Dprop−rtβ−sDofD₃ovaπ−ntπyDfun₃tβonaπβz−₄DΑrapα−n−RD2022PDUWUQUYY

215 uQkop−₄Dnrapα−n−DmβπmDwr−par−₄D₂yDyapβ₄DTα−rmaπDzαo₃δDforD’πtraQz−nsβtβv−DT−mp−ratur−D
y−a₄βnΑRD

214 hmβnoDβn₄u₃−₄DαβΑαQπoa₄βnΑDatomβ₃aππyD₄βsp−rs−₄DjoDsβt−sDonDuQ₄op−₄DαoππowD₃ar₂onDforD−ffβ₃β−ntD
jvDtransformatβonRRD2022PD 0

213 w−rforman₃−DofDnrapα−n−aDhDirβ−fDsβt−ratur−Dy−vβ−wDonDT−₃αnoπoΑβ−sDforDjomposβt−D
tanufa₃turβnΑRD2022PDXYWQX[T

212 uβtroΑ−nQ₄op−₄DWkDαoππowD₃ar₂onDspα−r−sDforD−ffβ₃β−ntDs−π−₃tβv−Doxβ₄atβonDofDjâ��oD₂on₄sDun₄−rD
mβπ₄D₃on₄βtβonsRD

211 ztru₃tur−sPDprop−rtβ−sPDan₄Dappπβ₃atβonsDofDnβtroΑ−nQ₄op−₄DΑrapα−n−RD2022PDVUUQVX]

210 h−rosoπDk−posβt−₄Dmr−−stan₄βnΑDuaW“VLwvXMWDTαβnDmβπmDtβ₃roDiatt−ryRD2022PDUTUTTZ 2

209 hDyo₂ustDiun₄π−₄Dan₄D”rapp−₄Dztru₃tur−Dk−sβΑnDofD’πtrasta₂π−Dzβπβ₃onDhno₄−sDforDhntβaΑβnΑD
sβtαβumQponDiatt−rβ−sRD

208 y−₃−ntDwroΑr−ssDβnDwαoto₃ataπytβ₃Dlffβ₃β−n₃yDofDoy₂rβ₄DTαr−−Qkβm−nsβonaπDLWkMDnrapα−n−D
hr₃αβt−₃tur−sDforDwoππutβonDy−m−₄βatβonRDU 2

207 lm−rΑβnΑDappπβ₃atβonsDofDsπu₄Α−D₂βo₃αarQ₂as−₄D₃ataπystsDforD−nvβronm−ntaπDr−m−₄βatβonDan₄D−n−rΑyD
storaΑ−aDhDr−vβ−wRD2022PDUWVUWU 1

206 oβΑαQπ−v−πDpyrroπβ₃QuQ₄op−₄D₃ar₂onD₃oatβnΑD₃on₃av−DαoππowD nvgjD₄o₄−₃aα−₄ronsDforD
αβΑαQ₃apa₃βtyDπβtαβumQβonD₂att−rβ−sRD2022PDUZYWYW 0

205 joQ₄opβnΑDΑrapα−n−DwβtαDiDan₄DuDα−t−roatomsDforDappπβ₃atβonDβnD−n−rΑyD₃onv−rsβonDan₄DstoraΑ−D
₄−vβ₃−sRD 1

204 jouβDuanoaππoyQjoQuXD₃omposβt−Dh₃tβv−Dzβt−sDlm₂−₄₄−₄DβnDoβ−rar₃αβ₃aπDworousDjar₂onDasD
iβQfun₃tβonaπDjataπystsDforDmπ−xβ₂π−D nQhβrDiatt−ryRD2022PDUT[WVY 5
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203 h₄van₃−sDβnDtβ₃rowav−Qlnαan₃−₄Djα−mβ₃aπD“aporDk−posβtβonDforDnrapα−n−Dzyntα−sβsRD2022PD[PD 0

202 hDs−πfQ₃π−anβnΑDm−m₂ran−D₂as−₄DonDunSΑQjWuXDan₄DΑrapα−n−Doxβ₄−DwβtαD−nαan₃−₄DnanofβπtratβonD
p−rforman₃−RD 0

201 y−s−ar₃αDproΑr−ssDonDp−ntaQΑrapα−n−Dan₄DβtsDr−πat−₄Dmat−rβaπsaDwrop−rtβ−sDan₄Dappπβ₃atβonsRD2022PD
XXPDUTUYTU 5

200 zup−rβorD₃apa₃βtβv−Dp−rforman₃−DofDnβtroΑ−nQ₄opβnΑDtαr−−Q₄βm−nsβonaπDαy₄ranΑ−aQπβδ−DporousD
₃ar₂onsD₄−rβv−₄DfromDoxβ₄βz−₄D₃oaπDtarDpβt₃αDpoπym−rβz−₄DpQpα−nyπ−n−₄βamβn−RD2022PDWVVPDUVXTZ] 0

199 lffβ₃β−ntDan₄Dr−₃y₃πa₂π−Ds−rβ₃βnQ₄−rβv−₄D₃ar₂onDa−roΑ−πDforDoβπsDan₄DorΑanβ₃Dsoπv−ntsDa₄sorptβonRRD
2022PDWTUPDUWX[XY 0

198 uon₄βsso₃βatβv−Da₃tβvatβonDofDvVDforDzvVDoxβ₄atβonDonDm−taπQfr−−DuQ₄op−₄D₃ar₂o₃ataπystRD2022PD[VWPDUVVUUZ 0

197 Tα−Dpromot−₄Dpαoto₃ataπytβ₃Dm−₃αanβsmDofDuQ₄op−₄DΑrapα−n−STβvVD₃omposβt−saDmromD−xp−rβm−ntD
toDtα−oryRD2022PDUT_UT[ 0

196 w−rsuπfat−QnβtroΑ−nD₄op−₄DΑrapα−n−Dmβxtur−DasDanDoxβ₄antDforDtα−Dsyntα−sβsDofD
WQnβtroQXQaryπQVoQ₃αrom−nQVQon−sDfromDaryπDaπδynoat−D−st−rsDan₄Dnβtrβt−RD 0

195 sowQt−mp−ratur−Dsβquβ₄Dy−fπuxDzyntα−sβsDofDjor−gzα−ππDztru₃tur−₄Duβgm−Qkop−₄DuβjoD
uanopartβ₃π−sDk−₃orat−₄DonDjar₂onDuanotu₂−sDasDaDiβfun₃tβonaπDlπ−₃tro₃ataπystDforD nQhβrDiatt−ryRD

194 TunβnΑDΑapDβnD₃orruΑat−₄DΑrapα−n−DwβtαDspβnD₄−p−n₄−n₃−RD2022PDUUYVV[ 0

193 lxpπorβnΑDtα−D−π−₃tronβ₃Dprop−rtβ−sDofDuQ₄op−₄DΑrapα−n−DonDΑrapαβtβ₃Dan₄Dpyrβ₄βnβ₃Dmo₄−πsDan₄DβtsD
βnt−ra₃tβonDwβtαDrODβonsDusβnΑDtα−DkmTiDm−tαo₄RD2022PD

192 T−tra₂−nzo[₂P₄−PΑαPγ][UPUT]pα−nantαroπβn−aaDnβtroΑ−nQ₄op−₄DnanoΑrapα−n−DasDaDs−π−₃tβv−Dm−taπD
₃atβonDan₄DprotonDfπuoropαor−RD

191 uβtroΑ−nQkop−₄DoβΑαDzurfa₃−Dhr−aDworousDjar₂onDtat−rβaπDk−rβv−₄DfromDiβomassDan₄Dponβ₃Dsβquβ₄D
forDoβΑαQw−rforman₃−Dzup−r₃apa₃βtorsRD 0

190 oon−y₃om₂DioronDjar₂onDuβtrβ₄−aDoβΑαQw−rforman₃−Dhno₄−Dtat−rβaπDforDsβQβonDiatt−ryRD 1

189 tβx−₄Dt−taπDlnΑβn−−rβnΑDofD“VoWDooππowDuanoprβsmsDln₃apsuπat−₄DβnDuQkop−₄Djar₂onDasDhno₄−D
forDoβΑαQw−rforman₃−DsβtαβumQponDztoraΑ−RD

188 jun₃nDk−rβv−₄DjuQias−₄SjxnyDjataπystsDforDoβΑαπyDz−π−₃tβv−DjoVDlπ−₃tror−₄u₃tβonDtoDoy₄ro₃ar₂onsRD

187 sas−rDwatt−rnβnΑDofDtα−Dz₂VvWDhtomβ₃DTαβnDsay−rDhssβst−₄D₂yDu−arDmβ−π₄Do−atβnΑRD 1

186 ma₃βπ−Dzyntα−sβsDofDtvmQk−rβv−₄Dvn−Qkβm−nsβonaπDuβtroΑ−nQ₄op−₄Djar₂onSuβDjomposβt−sDan₄Dtα−βrD
hppπβ₃atβonDasDjataπystsDan₄Dwrot−βnDh₄sor₂−ntsRD2022PD[PD
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185 lff−₃tβv−Dαoπ−D₃on₄u₃tβvβtyDβnDnβtroΑ−nQ₄op−₄Dj“kQΑrapα−n−D₂yDsβnΑπ−tDoxyΑ−nDtr−atm−ntDun₄−rD
pαotoa₃tβvatβonD₃on₄βtβonsRD2022PDUVPD 2

184 y−₃−ntDa₄van₃−sDonDα−t−roatomDLuPDiMD₄op−₄D₃ar₂onsD₂as−₄Dαy₂rβ₄D₃ataπystsDforD₄βv−rs−D
appπβ₃atβonsRD 0

183 sowDT−mp−ratur−Dzyntα−sβsDofDu−wDoβΑαπyDnrapαβtβz−₄DuQkop−₄Djar₂onDforDwtDmu−πDj−ππDzupportsPD
zatβsfyβnΑDko−DVTVYDkura₂βπβtyDztan₄ar₄sDforDiotαDjataπystDan₄DzupporDTRD

182 vxyΑ−nDr−₄u₃tβonDr−a₃tβonD₂yDm−taπQfr−−D₃ataπystsRD2022PDVXUQV[Y

181
pnDzβtuDjonfβn−m−ntDwyroπysβsDzyntα−sβsDofDnrapα−n−Q”rapp−₄Dm−ptDuanopartβ₃π−sDhn₃αor−₄DonD
oβ−rar₃αβ₃aππyDuQkop−₄DworousDnrapαβtβ₃Djar₂onDuanofπaδ−sDforDioostβnΑDvxyΑ−nDy−₄u₃tβonD
y−a₃tβonRD

180 jujoVzXgiPuQkop−₄Dy−₄u₃−₄Dnrapα−n−Dvxβ₄−Doy₂rβ₄DasDaDiβfun₃tβonaπDlπ−₃tro₃ataπystDforD
vxyΑ−nDy−₄u₃tβonDan₄DlvoπutβonDy−a₃tβonsRD2022PD[PDU_U]WQU_U_V 1

179 hDn−wDmoπ−₃uπarπyDβmprβnt−₄Dpoπym−rD−π−₃tro₃α−mβ₃aπDs−nsorD₂as−₄DonDjujoDVDvDXDSuQ₄op−₄D
juTsSwQ₄op−₄DnvDnano₃omposβt−DforD₄−t−₃tβonDofDVYQαy₄roxyvβtamβnDkDWDβnDs−rumDsampπ−sRD 1

178 oβΑαπyD−ffβ₃β−ntDtwoQst−pDnβtroΑ−nD₄opβnΑDofDΑrapα−n−Doxβ₄−Q₂as−₄Dmat−rβaπsDβnDoxyΑ−nDpr−s−n₃−D
atmospα−r−DforDαβΑαQp−rforman₃−DtransβstorsDan₄D−π−₃tro₃α−mβ₃aπDappπβ₃atβonsRD2022PDUTTX]U

177 oβΑαQxuaπβtyDuQkop−₄Dnrapα−n−DwβtαDjontroππa₂π−DuβtroΑ−nDion₄βnΑDjonfβΑuratβonsDk−rβv−₄DfromD
ponβ₃Dsβquβ₄sRD

176 h₄van₃−sDβnDjar₂onDtat−rβaπsDforDzo₄βumDan₄DwotassβumDztoraΑ−RDVVTWUU[ 10

175 jattaβπDπ−afQ₄−rβv−₄DnβtroΑ−nQ₄op−₄D₃ar₂onsDvβaDαy₄rotα−rmaπDammonβaDtr−atm−ntDforD
−π−₃tro₃ataπytβ₃DoxyΑ−nDr−₄u₃tβonDβnDanDaπδaπβn−D−π−₃troπyt−RD2022PD

174 wusαβnΑDkownDtα−DsβmβtDofDuoWDk−t−₃tβonDofDnrapα−n−Qias−₄Djα−mβr−sβstβv−Dz−nsorsDtαrouΑαD
mun₃tβonaπβzatβonD₂yDTα−rmaππyDh₃tβvat−₄DT−trazoπ−sDkβm−rβzatβonRD 1

173 ian₄DΑapDformatβonDofDVkDmat−rβaπβnDΑrapα−n−aDmutur−Dprosp−₃tDan₄D₃αaππ−nΑ−sRD2022PDUTTX[X 1

172 y−₃−ntDwroΑr−ssDofDjar₂onQias−₄Dhno₄−Dtat−rβaπsDforDwotassβumDponDiatt−rβ−sRD 0

171 zβt−Qz−π−₃tβv−DuβtroΑ−nQkop−₄D˛–QtnvVDforDjataπytβ₃Dvxβ₄atβonDofDjar₃βnoΑ−nβ₃DojovDβnDpn₄oorDhβrRD 0

170 k−sβΑnβnΑD₄uaπQ₄−f−₃tβv−Dpαoto₃ataπystDofD Qs₃α−m−DoQiβ“vXSkQunD₃omposβt−DwβtαDαoππowD
stru₃tur−sDforD−ffβ₃β−ntDvβsβ₂π−QπβΑαtDpαoto₃ataπysβsDofDorΑanβ₃DpoππutantsRD2022PDV_[PDUVUX[Z 0

169  pmQ₄−rβv−₄Dαoπ−yD−π−₃tro₄−DwβtαD−nαan₃−₄DmassDtransf−rDan₄DuQrβ₃αD₃ataπytβ₃Dsβt−sDforDαβΑαQpow−rD
an₄DπonΑQπβf−Dvana₄βumDfπowD₂att−rβ−sRD2022PD[VPDYXYQYYW 1

168 Transf−rQDan₄DπβtαoΑrapαyQfr−−Dj“kDofDuQ₄op−₄DΑrapα−nβ₃D₃ar₂onDtαβnDfβπmsDonDnonQm−taπD
su₂strat−sRD2022PDUYXPDUUU_XW
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167 wπantQ₄−rβv−₄Dαar₄D₃ar₂onDasDano₄−DforDso₄βumQβonD₂att−rβ−saDhD₃ompr−α−nsβv−Dr−vβ−wDtoDΑuβ₄−D
βnt−r₄βs₃βpπβnaryDr−s−ar₃αRD2022PDXX[PDUW[XZ] 3

166 jar₂onDnβtrβ₄−sDasD₃ataπystDsupportDβnDfu−πD₃−ππsaDjurr−ntDs₃−narβoDan₄Dfutur−Dr−₃omm−n₄atβonRD2022
PDW_QZV

165 tosVD´ uanosα−−tsDlm₂−₄₄−₄DβnD˛�Qm−ooαD´ hsDhn´ lffβ₃β−ntDjatαo₄−´ mor´ lnαan₃−₄D
tf₃Qlπ−₃troQm−ntonDw−rforman₃−DβnD”ast−wat−rDTr−atm−ntRD

164 jonstru₃tβonDofDuQkop−₄Duβ₃δ−πDzuπfβ₄−Duanosα−−tsD“βaDwanβDasDuβtroΑ−nDkonorDtoDh₃αβ−v−Dyo₂ustD
iβfun₃tβonaπDlπ−₃tro₃ataπystsDforDoVDwro₄u₃tβonRD

163 joSjovDuanopartβ₃π−sDhrmor−₄D₂yDuQkop−₄DuanoporousDjar₂onDwoπyα−₄ronsDtowar₄sDnπu₃os−D
vxβ₄atβonDβnDoβΑαQw−rforman₃−DuonQlnzymatβ₃Dz−nsorRD 1

162 hwwspjhTpvuDvmDuQkvwlkDjhyivuDuhuvT’ilzDmvyDTolDwylwhyhTpvuDvmDopnos—DkpzwlyzlkD
w₄vâ��j−vVDjvtwvzpTlDjhThs—zTzRD2022PDZWPDXT[QXVV 0

161 lvaπuatβonDofDtα−Dzyn−rΑβstβ₃Dlff−₃tDofDnrapα−n−Dvxβ₄−Dzα−−tsDan₄DjoWvXD”rapp−₄DwβtαD“−rtβ₃aππyD
hπβΑn−₄DhrraysDofDwoπyDLhnβπβn−QjoQt−πamβn−MDuanofβ₂−rsDforDln−rΑyDztoraΑ−Dhppπβ₃atβonsRD2022PDUXPDVZ]Y 1

160 k−sβΑnβnΑDuano−nΑβn−−r−₄Dwαoto₃ataπystsDforDoy₄roΑ−nDn−n−ratβonD₂yD”at−rDzpπβttβnΑDan₄D
jonv−rsβonDofDjar₂onDkβoxβ₄−DtoDjπ−anDmu−πsRD

159 to₄uπatβonDofDtα−Dlπ−₃tronβ₃Dan₄DtaΑn−tβ₃Dwrop−rtβ−sDofDwyrβ₄βnβ₃DuQkop−₄Dnrapα−n−DwβtαDuβSjrRD

158 wroposaπDforDhππQlπ−₃trβ₃aπDzpβnDtanβpuπatβonDan₄Dk−t−₃tβonDforDaDzβnΑπ−Dtoπ−₃uπ−DonD
ioronQzu₂stβtut−₄Dnrapα−n−RD2022PDUV_PD

157 zup−r₃apa₃βtorDp−rforman₃−DofDnβtroΑ−nD₄op−₄DΑrapα−n−Dsyntα−sβz−₄DvβaDktmDassβst−₄DsβnΑπ−Qst−pD
soπvotα−rmaπDm−tαo₄RD2022PDWXPDUTTXTT 2

156 t−taπQvrΑanβ₃Qmram−worδQ₄−rβv−₄DjoDuanopartβ₃π−sDlm₂−₄₄−₄DβnDwPDuQkuaπQ₄op−₄DworousD
jar₂onSrnvDjataπystDforD”at−rDzpπβttβnΑDan₄DvxyΑ−nDy−₄u₃tβonRD 0

155 ioro₃ar₂onβtrβ₄−sDhsDt−taπQmr−−Dlπ−₃tro₃ataπystsDforDtα−Dlπ−₃tro₃α−mβ₃aπDy−₄u₃tβonDofDjvVRD 0

154 k−f−₃tDan₄Dβnt−rstβtβaπDiDsyn−rΑβstβ₃aππyDpromot−Dtα−Dsta₂βπβtyDan₄DoVD₄βsso₃βatβonDofDw₄ZDsupport−₄D
₂yDΑrapα−n−RD2022PD 0

153 pntrβnsβ₃Djataπytβ₃Dh₃tβvβtyDofDjar₂onDuanotu₂−sDforDlπ−₃tro₃α−mβ₃aπDuβtrat−Dy−₄u₃tβonRDACS 
CatalysisPD_UWYQ_UXV 13.1 1

152 uQ₄op−₄DΑrapα−n−DfβπmDpr−par−₄D₂yDrapβ₄Dtα−rmaπDsαo₃δDforDuπtraQs−nsβtβv−Dt−mp−ratur−Dr−a₄βnΑRD
2022PDZTTPDUYXUU[

151 pmprovβnΑDlπ−₃troa₃tβvβtyDofDuQkop−₄Dnrapα−n−Dk−rβvatβv−sDwβtαDlπ−₃trβ₃aπDpn₄u₃tβonDo−atβnΑRD

150 tβx−₄Dm−taπD−nΑβn−−rβnΑDofD“VvWDαoππowDnanoprβsmsD−n₃apsuπat−₄DβnDuQ₄op−₄D₃ar₂onDasDano₄−DforD
αβΑαQp−rforman₃−DπβtαβumQβonDstoraΑ−RD2022PDUZZXYU
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149 o−t−roatomQto₄βfβ−₄Djar₂onDtat−rβaπsDan₄DTα−βrD’s−DasDzupportsDan₄Dlπ−₃tro₃ataπystsDβnDwrotonD
lx₃αanΑ−Dt−m₂ran−Dmu−πDj−ππsDLhDy−vβ−wMRD2022PDY]PDYV_QYZU

148 uβtroΑ−nQkop−₄Djar₂onDuanotu₂−DpnQzβtuDsoa₄−₄Dsβn₂oWDhno₄−DwβtαDoβΑαDjapa₃βtan₃−D
jontrβ₂utβonDforDsβtαβumQponDjapa₃βtorsRD

147 xuantumD₄otsDforDmo₄−rnD₄βspπayD₄−vβ₃−sRD2022PD]__Q_WV

146 k−sβΑnβnΑDaDnr−−nDy−pπa₃−m−ntDforDtα−Dsβn₄πarDjataπystDforDhπδyn−Dz−mβQαy₄roΑ−natβonD’sβnΑD
zβπβ₃aQzupport−₄Duβ₃δ−πDuanopartβ₃π−sDto₄βfβ−₄D₂yDuQkop−₄Djar₂onRD2022PDUTPD_[][Q_[_[ 1

145 iβsmutαDan₄DnβtroΑ−nD₃oQ₄op−₄DΑrapα−n−Doxβ₄−DforD−ffβ₃β−ntD−π−₃tro₃α−mβ₃aπDs−nsβnΑDofDw₂LppMD₂yD
syn−rΑβstβ₃D₄uaπQsβt−Dβnt−ra₃tβonRD 0

144 TunβnΑD−π−₃tronD₄−πo₃aπβzatβonDan₄Dsurfa₃−Dar−aDβnDjvmsD₄−rβv−₄DuPDiD₃oQ₄op−₄D₃ar₂onDmat−rβaπsDforD
−ffβ₃β−ntDs−π−₃tβv−Dαy₄roΑ−natβonDofDnβtroar−n−sRD2022PDUT[[[T

143 htmospα−rβ₃Dpr−ssur−DpπasmaQγ−tDtr−atm−ntDofDpoπya₃ryπonβtrβπ−Qnonwov−nsa´ h₃tβvatβonDπ−a₄βnΑDtoD
αβΑαDsurfa₃−Dar−aD₃ar₂onD−π−₃tro₄−sRD

142 lnαan₃−₄DnβtroΑ−nD₄opβnΑDβnDporousD₃ar₂onDan₄DβtsD₃omposβt−DwβtαDtnvVDasDanD−ffβ₃β−ntDoxyΑ−nD
r−₄u₃tβonD₃ataπystDforDtΑâ��aβrD₂att−rβ−sRD 0

141 iβoQwast−D₄−rβv−₄Ds−πfQt−mpπat−₄PDnβtroΑ−nDs−πfQ₄op−₄DporousD₃ar₂onDforDsup−r₃apa₃βtorsRD2022PDUTUU_] 2

140 oy₄roxyQto₄βfβ−₄Doβ−rar₃αβ₃aπDworousDuaQjovDxDSjuDtat−rβaπDforDsowQjon₃−ntratβonD
oβΑαQTαrouΑαputDmormaπ₄−αy₄−Dvxβ₄atβonDatDyoomDT−mp−ratur−RD2022PD][PD

139 nrapα−n−Q₂as−₄DπβtαβumQβonD₂att−ryDano₄−Dmat−rβaπsDmanufa₃tur−₄D₂yDm−₃αano₃α−mβ₃aπD₂aππD
mβππβnΑDpro₃−ssaDhDr−vβ−wDan₄Dp−rsp−₃tβv−RD2022PDUUTVWV 3

138 hDπas−rQassβst−₄D₃απorβnatβonDpro₃−ssDforDr−v−rsβ₂π−DwrβtβnΑDofD₄opβnΑDpatt−rnsDβnDΑrapα−n−RD2022PDYPDYTYQYUT 2

137 k−p−n₄−n₃−DofDwr−₃ursorDnrapαβt−Dmπaδ−Dzβz−DonDuβtroΑ−nDkopβnΑDβnDnrapα−n−Dvxβ₄−Dan₄DptsDlff−₃tD
onDvlyDjataπytβ₃Dh₃tβvβtyRD2022PD[PDV_V][QV_V_Z 0

136 pnfπu−n₃−DofDΑrowtαDparam−t−rsDonDtα−D₄opantD₃onfβΑuratβonDofDnβtroΑ−nQ₄op−₄DΑrapα−n−D
syntα−sβz−₄DfromDpαtαaπo₃yanβn−Dmoπ−₃uπ−sRD2022PDWWPDU_WZUQU_W[Y

135 zupport−₄Dprβ₄βumQ₂as−₄DvxyΑ−nDlvoπutβonDy−a₃tβonDlπ−₃tro₃ataπystsDQDy−₃−ntDk−v−πopm−ntsRD 0

134 uβtroΑ−nDβmpπantatβonDβntoDΑrapα−n−Doxβ₄−Dan₄Dr−₄u₃−₄DΑrapα−n−Doxβ₄−sDusβnΑDra₄βoDfr−qu−n₃yD
pπasmaDtr−atm−ntDβnDmβ₃ros₃aπ−RD2022PDU__PDXUYQXVW 0

133 y−₄u₃tβonDtβm−D−ff−₃tDonDtα−D₄β−π−₃trβ₃D₃αara₃t−rβstβ₃sDofDr−₄u₃−₄QΑrapα−n−Qoxβ₄−QQ−n₃apsuπat−₄D
₂arβumDtβtanat−Dpow₄−rDfβππ−rsRD2022PDU__PDVWQWV

132 nrapαβtβ₃DuQ₄op−₄DΑrapα−n−DvβaDsoπutβonDpπasmaDwβtαDaDsβnΑπ−D₄β−π−₃trβ₃D₂arrβ−rRD2022PDU__PDWX[QWYZ 0
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131 hnaπysβsDofDstru₃turaπPDoptβ₃aπPD−π−₃tronβ₃Dan₄DtransportDprop−rtβ−sDβnDun₄op−₄PDαy₄roΑ−nat−₄PD
₄op−₄Dan₄Drotat−₄Dp−ntaα−xo₃tβt−Dsyst−msRD2022PDUXXPDUUYXZ]

130 zyntα−sβzβnΑDf−wQπay−rD₃ar₂onDmat−rβaπsDfromDaspαaπt−n−D₂yDtα−rmaπDtr−atm−ntRD2022PDUV_PDUT_WUZ 1

129
pnDsβtuD₃onfβn−₄DpyroπysβsDpr−paratβonDofDΑrapα−n−Qwrapp−₄Dm−wtDnanopartβ₃π−sDan₃αor−₄DonD
uQ₄op−₄Dαβ−rar₃αβ₃aππyDporousDΑrapαβtβ₃D₃ar₂onDnanofπaδ−sDforD₂oostβnΑDoxyΑ−nDr−₄u₃tβonDr−a₃tβonRD
2022PDZTXPDUYXX[Y

0

128 ojπQa₃tβvat−₄DporousDnβtroΑ−nQ₄op−₄D₃ar₂onDnanopoπyα−₄rasDwβtαDa₂un₄antDαβ−rar₃αβ₃aπDpor−sDforD
uπtrafastD₄−saπβnatβonRD2022PDZV]PDVWZQVXZ 1

127 ”oo₄Q₄−rβv−₄DporousD₃ar₂onDsupport−₄D˛‡Qm−VvWDnanopartβ₃π−sDasD−ffβ₃β−ntD₃ataπystDforDoxyΑ−nD
r−₄u₃tβonDr−a₃tβonRD2022PDZTXPDUYXX[U 0
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