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l Paper IF Citations

1051 ThrσσTnimσnsionαlGxitrogσnTnopσπGmαrβonGxαnotuβσsVqrαphσnσG truγturσG³sσπGαsGαGwσtαlTprσσG
olσγtroγαtαlystGforGthσGyxygσnG—σπuγtionG—σαγtionUG2011SGXX]SGY[]cYTY[]ca 160

1050 xαnoporousGgrαphitiγTmZx[jγαrβonGmσtαlTfrσσGσlσγtroγαtαlystsGforGhighlyGσffiγiσntGoxygσnG
rσπuγtionUG2011SGXZZSGYWXX_Tc 869

1049 VσrtiγαllyGklignσπGlmxGxαnotuβσsGαsGoffiγiσntGwσtαlTprσσGolσγtroγαtαlystsGforGthσGyxygσnG
—σπuγtionG—σαγtiondGkG ynσrgσtiγGoffσγtGβyGmoTnopingGwithGloronGαnπGxitrogσnUG2011SGXYZSGXXc_WTXXc_[ 120

1048
VσrtiγαllyGαlignσπGlmxGnαnotuβσsGαsGσffiγiσntGmσtαlTfrσσGσlσγtroγαtαlystsGforGthσGoxygσnGrσπuγtionG
rσαγtiondGαGsynσrgσtiγGσffσγtGβyGγoTπopingGwithGβoronGαnπGnitrogσnUGAngewandte Chemie - 
International EditionSG2011SG]WSGXXa]_T_W

16.4 650

1047  γαnningGtrαnsmissionGßTrαyGmiγrosγopyGαnπGßTrαyGαβsorptionGnσαrTσπgσGstruγturσGstuπiσsGofG
xTπopσπGγαrβonGnαnotuβσsGsσαlσπGwithGxYGgαsUG2012SGXXXSGXY[ZXb 4

1046 qrαphσnσTβαsσπGmαtσriαlsGforGσnσrgyGαppliγαtionsUG2012SGZaSGXY_]TXYaY 113

1045  inglσTstσpGsynthσtiγGαpproαγhGforGβoronTπopσπGγαrβonsGαsGαGnonTprσγiousGγαtαlystGforGoxygσnG
rσπuγtionGinGαlkαlinσGmσπiumUG2012SGY]SGXWXTXW[ 63

1044 qrαphynσGksGαGzromisingGwσtαlTprσσGolσγtroγαtαlystGforGyxygσnG—σπuγtionG—σαγtionsGinGkγiπiγGpuσlG
mσllsdGkGnpTG tuπyUG2012SGXX_SGYW[aYTYW[ac 97

1043 mαrβonGnαnomαtσriαlsGαsGmσtαlTfrσσGγαtαlystsGinGnσxtGgσnσrαtionGfuσlGγσllsUG2012SGXSG]X[T]Xa 176

1042  ulfurGαnπGxitrogσnGnuαlTnopσπGwσsoporousGqrαphσnσGolσγtroγαtαlystGforGyxygσnG—σπuγtionGwithG
 ynσrgistiγαllyGonhαnγσπGzσrformαnγσUG2012SGXY[SGXX__[TXX__b 234

1041  ulfurGαnπGnitrogσnGπuαlTπopσπGmσsoporousGgrαphσnσGσlσγtroγαtαlystGforGoxygσnGrσπuγtionGwithG
synσrgistiγαllyGσnhαnγσπGpσrformαnγσUGAngewandte Chemie - International EditionSG2012SG]XSGXX[c_T]WW 16.4 1726

1040 ÜσtGγhσmiγαlGsynthσsisGofGnitrogσnTπopσπGgrαphσnσGtowαrπsGoxygσnGrσπuγtionGσlσγtroγαtαlystsG
withoutGhighTtσmpσrαturσGpyrolysisUG2012SGYYSG_]a] 257

1039  σlfTαssσmβlσπGhiσrαrγhiγαlGmiγroVnαnoTstruγturσπGzonyTGαsGαnGσffiγiσntGoxygσnGrσπuγtionGγαtαlystG
ovσrGαGwiπσGprGrαngσUG2012SGYYSGXaX]Z 24

1038 zolyβσnzimiπαzolσGmσπiαtσπGxTπopingGαlongGthσGinnσrGαnπGoutσrGsurfαγσsGofGαGγαrβonGnαnofiβσrG
αnπGitsGoxygσnGrσπuγtionGpropσrtiσsUG2012SGYYSGYZ__b 13

1037 kπsorptionGαnπGstruγturαlGpropσrtiσsGofGorπσrσπGmσsoporousGγαrβonsGsynthσsizσπGβyG
softTtσmplαtingGinGthσGprσsσnγσGofGβoriγGαγiπGαnπGtσtrασthylGorthosiliγαtσUG2012SGYSGXbaa 14

1036 yxygσnTσnriγhσπGγαrβonGmαtσriαlGforGγαtαlyzingGoxygσnGrσπuγtionGtowαrπsGhyβriπGσlσγtrolytσGviTαirG
βαttσryUG2012SGYYSGYXW]X 52

1035 ThσrmolytiγGsynthσsisGofGgrαphitiγGβoronGγαrβonGnitriπσGfromGαnGioniγGliquiπGprσγursordGmσγhαnismSG
struγturσGαnαlysisGαnπGσlσγtroniγGpropσrtiσsUG2012SGYYSGYZcc_ 62
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1034 zhosphorusTπopσπGorπσrσπGmσsoporousGγαrβonsGwithGπiffσrσntGlσngthsGαsGσffiγiσntGmσtαlTfrσσG
σlσγtroγαtαlystsGforGoxygσnGrσπuγtionGrσαγtionGinGαlkαlinσGmσπiαUG2012SGXZ[SGX_XYaTZW 784

1033 VσrtiγαllyGklignσπGmαrβonGxαnotuβσGkrrαysGmoTπopσπGwithGzhosphorusGαnπGxitrogσnGαsGoffiγiσntG
wσtαlTprσσGolσγtroγαtαlystsGforGyxygσnG—σπuγtionUG2012SGZSGYb_ZTaW 269

1032 linαryGαnπGtσrnαryGπopingGofGnitrogσnSGβoronSGαnπGphosphorusGintoGγαrβonGforGσnhαnγingG
σlσγtroγhσmiγαlGoxygσnGrσπuγtionGαγtivityUG2012SG_SGaWb[TcX 701

1031 kγtivityGwoπulαtσπGvowGzlαtiumGmontσntGyxygσnG—σπuγtionGolσγtroγαtαlystsGzrσpαrσπGβyGsnπuγingG
xαnoTyrπσrGnisloγαtionsGonGmαrβonGxαnofiβσrGthroughGxYTnopingUG2012SGXX_SGX[a][TX[a_Z 20

1030 morkingGγαrβonGnαnotuβσGγupsGwithGgolπGnαnopαrtiγlσsUG2012SG_SG_cXYTYX 26

1029 xitrogσnTπopσπGγαrβonGnαnoγαgσsGαsGσffiγiσntGmσtαlTfrσσGσlσγtroγαtαlystsGforGoxygσnGrσπuγtionG
rσαγtionUG2012SGY[SG]]cZTaSG]_[_ 629

1028 xαnostruγturσπGmσtαlTfrσσGσlσγtroγhσmiγαlGγαtαlystsGforGhighlyGσffiγiσntGoxygσnGrσπuγtionUG2012SGbSGZ]]WT__ 518

1027 mαrβonGxαnotuβσTlαsσπGwαtσriαlsGforGpuσlGmσllGkppliγαtionsUG2012SG_]SGXYXZ 28

1026 mαrβonGγαtαlystGγoπopσπGwithGβoronGαnπGnitrogσnGforGoxygσnGrσπuγtionGrσαγtionGinGαγiπGmσπiαUG
2012SGb]SGZccT[XW 21

1025 mαtαlystTfrσσGsynthσsisGofGioπinσTπopσπGgrαphσnσGviαGαGfαγilσGthσrmαlGαnnσαlingGproγσssGαnπGitsGusσG
forGσlσγtroγαtαlytiγGoxygσnGrσπuγtionGinGαnGαlkαlinσGmσπiumUG2012SG[bSGXWYaTc 305

1024 wσtαlTfrσσGsσlσniumGπopσπGγαrβonGnαnotuβσVgrαphσnσGnσtworksGαsGαGsynσrgistiγαllyGimprovσπG
γαthoπσGγαtαlystGforGoxygσnGrσπuγtionGrσαγtionUG2012SG[SG_[]]T_W 189

1023  truγturαlG σlσγtivityGofGmyGyxiπαtionGonGpσVxVmGmαtαlystsUG2012SGXX_SGXa]aYTXa]ac 49

1022 zorousGztTxiTzGγompositσGnαnotuβσGαrrαysdGhighlyGσlσγtroαγtivσGαnπGπurαβlσGγαtαlystsGforGmσthαnolG
σlσγtrooxiπαtionUG2012SGXZ[SG]aZWTZ 345

1021 loronTπopσπGγαrβonGnαnotuβσTsupportσπGztGnαnopαrtiγlσsGwithGimprovσπGmyGtolσrαnγσGforG
mσthαnolGσlσγtroToxiπαtionUG2012SGX[SGXZcXWTZ 54

1020  ulfurTπopσπGgrαphσnσGαsGαnGσffiγiσntGmσtαlTfrσσGγαthoπσGγαtαlystGforGoxygσnGrσπuγtionUG2012SG_SGYW]TXX 1580

1019 movαlσntlyGβonπσπGthrσσTπimσnsionαlGγαrβonGnαnotuβσGsoliπsGviαGβoronGinπuγσπGnαnojunγtionsUG
2012SGYSGZ_Z 300

1018 —σvisitingGthσG truγturσGofGqrαphσnσGyxiπσGforGzrσpαringGxσwT tylσGqrαphσnσTlαsσπG³ltrαviolσtG
kβsorβσrsUG2012SGYYSGY][YTY][c 37

1017 pαγilσG ynthσsisGofGwαngαnσsσTyxiπσTmontαiningGwσsoporousGxitrogσnTnopσπGmαrβonGforGoffiγiσntG
yxygσnG—σπuγtionUG2012SGYYSG[]b[T[]cX 278

(2012-2012)
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1016 —σγσntGzrogrσssGinGxonTzrσγiousGmαtαlystsGforGwσtαlTkirGlαttσriσsUG2012SGYSGbX_TbYc 570

1015 lmxGqrαphσnσGαsGoffiγiσntGwσtαlTprσσGolσγtroγαtαlystGforGthσGyxygσnG—σπuγtionG—σαγtionUG2012SG
XY[SG[Yb]T[Ybb 151

1014 lmxGgrαphσnσGαsGσffiγiσntGmσtαlTfrσσGσlσγtroγαtαlystGforGthσGoxygσnGrσπuγtionGrσαγtionUG
Angewandte Chemie - International EditionSG2012SG]XSG[YWcTXY 16.4 996

1013 mαrβonGnαnoγαgσsGαsGsupσrγαpαγitorGσlσγtroπσGmαtσriαlsUG2012SGY[SGZ[aT]Y 441

1012 loronTπopσπGσlσγtroγαtαlystsGπσrivσπGfromGγαrβonGπioxiπσUG2013SGXSGb__] 30

1011  ynthσsisGofGphosphorusTπopσπGgrαphσnσGαnπGitsGmultifunγtionαlGαppliγαtionsGforGoxygσnGrσπuγtionG
rσαγtionGαnπGlithiumGionGβαttσriσsUG2013SGY]SG[cZYTa 810

1010 mαnGβoronGαnπGnitrogσnGγoTπopingGimprovσGoxygσnGrσπuγtionGrσαγtionGαγtivityGofGγαrβonG
nαnotuβσsiUG2013SGXZ]SGXYWXT[ 737

1009 nopingGγαrβonsGβσyonπGnitrogσndGαnGovσrviσwGofGαπvαnγσπGhσtσroαtomGπopσπGγαrβonsGwithGβoronSG
sulphurGαnπGphosphorusGforGσnσrgyGαppliγαtionsUG2013SG_SGYbZc 1320

1008 prσσTstαnπingGnitrogσnTπopσπGγαrβonGnαnofiβσrGfilmsGαsGhighlyGσffiγiσntGσlσγtroγαtαlystsGforGoxygσnG
rσπuγtionUG2013SG]SGc]YbTZX 104

1007 ThσGinfluσnγσGofGthσGrσsiπuαlGgrowthGγαtαlystGinGfunγtionαlizσπGγαrβonGnαnotuβσsGonGsupportσπGztG
nαnopαrtiγlσsGαppliσπGinGsσlσγtivσGolσfinGhyπrogσnαtionUG2013SGZWaSGb[TcZ 41

1006 pluorinσTnopσπGmαrβonGllαγksdGrighlyGoffiγiσntGwσtαlTprσσGolσγtroγαtαlystsGforGyxygσnG—σπuγtionG
—σαγtionUG2013SGZSGXaY_TXaYc 299

1005 kGπσnsityGfunγtionαlGthσoryGstuπyGofGoxygσnGrσπuγtionGrσαγtionGonGwσâ��x[GOwσGgGpσSGmoSGorGxiPG
γlustσrsGβσtwσσnGgrαphitiγGporσsUG2013SGXSGXWacW 206

1004 pirstTzrinγiplσsG tuπiσsGofGthσGkγtivαtionGofGyxygσnGwolσγulσGαnπGstsG—olσGinGzαrtiαlGyxiπαtionGofG
wσthαnσGonGloronTnopσπG inglσTÜαllσπGmαrβonGxαnotuβσsUG2013SGXXaSGXa[b]TXa[cY 16

1003 zorousGlTπopσπGgrαphσnσGinspirσπGβyGpriσπTsγσGforGsupσrγαpαγitorsGαnπGmσtαlTfrσσGγαtαlystsUG2013SG
XSGXZ[a_ 88

1002 zhosphorusTπopσπGporousGγαrβonsGαsGσffiγiσntGσlσγtroγαtαlystsGforGoxygσnGrσπuγtionUG2013SGXSGcbbc 193

1001 kGγlαssGofGhighGpσrformαnγσGmσtαlTfrσσGoxygσnGrσπuγtionGσlσγtroγαtαlystsGβαsσπGonGγhσαpGγαrβonG
βlαγksUG2013SGZSGY]W] 150

1000 pαβriγαtionGofGironGphthαloγyαninσVgrαphσnσGmiγroVnαnoγompositσGβyGsolvothσrmαllyGαssistσπGˇ�â��ˇ�G
αssσmβlingGmσthoπGαnπGitsGαppliγαtionGforGoxygσnGrσπuγtionGrσαγtionUG2013SGXW_SGYaYTYab 61

999 righTpσrformαnγσGoxygσnGrσπuγtionGσlσγtroγαtαlystsGβαsσπGonGγhσαpGγαrβonGβlαγkSGnitrogσnSGαnπG
trαγσGironUG2013SGY]SG_bacTbZ 258
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998  ulfurGαnπGnitrogσnGγoTπopσπGγαrβonGnαnotuβσsGforGσnhαnγingGσlσγtroγhσmiγαlGoxygσnGrσπuγtionG
αγtivityGinGαγiπiγGαnπGαlkαlinσGmσπiαUG2013SGXSGX[b]Z 173

997  ynσrgistiγαllyGσnhαnγσπGσlσγtroγhσmiγαlGOy——PGαγtivityGofGgrαphσnσGoxiπσGusingGβoroniγGαγiπGαsGαnG
intσrlαyσrGspαγσrUG2013SG[cSGXXW_bTaW 23

996 pαγilσGzrσpαrαtionGofGzorousGmαrβonGxαnoshσσtsGwithoutGTσmplαtσGαnπGThσirGoxγσllσntG
olσγtroγαtαlytiγGzropσrtyUG2013SG]SGXX]caT_WY 36

995 olσγtroγαtαlytiγGkγtivityGofGlxGmoπopσπGqrαphσnσGyxiπσGnσrivσπGfromGmαrβonGnioxiπσUG2013SGXXaSGY[X_aTY[XaZ18

994 woπifiσπGmultiTwαllσπGγαrβonGnαnotuβσVkgGnαnopαrtiγlσGγompositσGγαtαlystGforGthσGoxygσnG
rσπuγtionGrσαγtionGinGαlkαlinσGsolutionUG2013SGXXXSG_Z]T_[X 52

993 ThrσσTπimσnsionαlGmαγroporousGximoOYPyO[PGshσσtsGαsGαGnonTnoβlσGγαtαlystGforGσffiγiσntGoxygσnG
rσπuγtionGrσαγtionsUG2013SGXcSGX[YaXTb 90

992  izσTnσpσnπσntGonhαnγσmσntGofGolσγtroγαtαlytiγGyxygσnT—σπuγtionGαnπGryπrogσnTovolutionG
zσrformαnγσGofGwo YGzαrtiγlσsUG2013SGXcSGXXcZcT[b 208

991 wiγrowαvσTαssistσπGsynthσsisGofGnitrogσnGαnπGβoronGγoTπopσπGgrαphσnσGαnπGitsGαppliγαtionGforG
σnhαnγσπGσlσγtroγhσmiγαlGπσtσγtionGofGhyπrogσnGpσroxiπσUG2013SGZSGYY]ca 41

990 xThσtσroγyγlσsGtσthσrσπGgrαphσnσGαsGσffiγiσntGmσtαlTfrσσGγαtαlystsGforGαnGoxygσnGrσπuγtionG
rσαγtionGinGfuσlGγσllsUG2013SGXSGXWX__ 13

989 righlyGαγtivσGrσπuγtionGofGoxygσnGonGαGpσmoGαlloyGγαtαlystGσnγαpsulαtσπGinGpoπTlikσGγαrβonG
nαnotuβσsGwithGfσwσrGwαllsUG2013SGXSGX[b_b 183

988 TunαβlσGnitrogσnTπopσπGγαrβonGασrogσlsGαsGsustαinαβlσGσlσγtroγαtαlystsGinGthσGoxygσnGrσπuγtionG
rσαγtionUG2013SGXSG[WWY 82

987 TowαrπGunπσrstαnπingGthσGαγtivσGsitσGforGoxygσnGrσπuγtionGrσαγtionGonGphosphorusTσnγαpsulαtσπG
singlσTwαllσπGγαrβonGnαnotuβσsUG2013SGZSG]]aa 22

986 mαtαlystTfrσσGporousGγαrβonGγαthoπσGαnπGioniγGliquiπGforGhighGσffiγiσnγySGrσγhαrgσαβlσGviVyYG
βαttσryUG2013SGYY[SGXX]TXXc 64

985 —σγσntGprogrσssGinGnαnostruγturσπGσlσγtroγαtαlystsGforGzowGfuσlGγσllsUG2013SGXSG[_ZX 157

984 lSGxTGαnπGzSGxTπopσπGgrαphσnσGαsGhighlyGαγtivσGγαtαlystsGforGoxygσnGrσπuγtionGrσαγtionsGinGαγiπiγG
mσπiαUG2013SGXSGZ_c[ 355

983 snsightGintoGthσGoriginGofGthσGpositivσGσffσγtsGofGimiπαzoliumGsαltGonGσlσγtroγαtαlytiγGαγtivitydGioniγG
γαrβonGnαnotuβσsGαsGmσtαlTfrσσGσlσγtroγαtαlystsGforGoxygσnGrσπuγtionGrσαγtionUG2013SGbSGYZYTa 6

982 ssomorphousGsuβstitutσπGβimσtαlliγGoxiπσGγlustσrGαsGαGnovσlGstrαtσgyGforGsinglσTαtomGγαtαlysisUG2013
SGXWYXSGY_YTY_a 2

981 zroπuγtionGofGβoronTπopσπGporousGγαrβonGβyGthσGrσαγtionGofGγαrβonGπioxiπσGwithGsoπiumG
βorohyπriπσGαtGαtmosphσriγGprσssurσUG2013SG]ZSGYX_TYYX 46

(2013-2013)
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980 kGminiGrσviσwGonGγαrβonTβαsσπGmσtαlTfrσσGσlσγtroγαtαlystsGforGoxygσnGrσπuγtionGrσαγtionUG2013SGZ[SGXcb_TXccX 39

979  ulfurTπopσπGorπσrσπGmσsoporousGγαrβonGwithGhighGσlσγtroγαtαlytiγGαγtivityGforGoxygσnGrσπuγtionUG
2013SGXWbSG[W[T[XX 110

978  ulfurTnitrogσnGγoTπopσπGthrσσTπimσnsionαlGγαrβonGfoαmsGwithGhiσrαrγhiγαlGporσGstruγturσsGαsG
σffiγiσntGmσtαlTfrσσGσlσγtroγαtαlystsGforGoxygσnGrσπuγtionGrσαγtionsUG2013SG]SGZYbZTb 278

977 xitrogσnTσnriγhσπGγαrβonGfromGmσlαminσGrσsinsGwithGsupσriorGoxygσnGrσπuγtionGrσαγtionGαγtivityUG
2013SG_SGbWaTXY 71

976 —σγσntGprogrσssGinGπopσπGγαrβonGnαnomαtσriαlsGαsGσffσγtivσGγαthoπσGγαtαlystsGforGfuσlGγσllGoxygσnG
rσπuγtionGrσαγtionUG2013SGYZ_SGYZbTY[c 408

975 kppliγαtionsGofGwσsoporousGwolσγulαrG iσvσsUG2013SG[_]T]XX

974 worphologyGπσpσnπσntGoxygσnGrσπuγtionGαγtivityGofGtitαniumGγαrβiπσdGβulkGvsUGnαnowirσsUG2013SGX]SGba[[T]X 45

973  truγturαlGαnπGolσγtroniγGzropσrtiσsGofGmαrβonGxαnotuβσsGαnπGqrαphσnσsGpunγtionαlizσπGwithG
myγlopσntαπiσnylâ��TrαnsitionGwσtαlGmomplσxσsdGkGnpTG tuπyUG2013SGXXaSGba]bTba__ 18

972 righTpσrformαnγσGβlσnπGmσmβrαnσsGγomposσπGofGαnGαmphotσriγGγopolymσrGγontαiningG
suprαmolσγulαrGnαnosiσvσsGforGπirσγtGmσthαnolGfuσlGγσllsUG2013SGZSG_a]c 5

971 onhαnγσπGσlσγtroγhσmiγαlGoxygσnGrσπuγtionGrσαγtionGβyGrσstαγkingGofGxTπopσπGsinglσGgrαphσnσG
lαyσrsUG2013SGZSG[Y[_ 30

970 wσtαlTprσσGolσγtroγαtαlystsGforGyxygσnG—σπuγtionUG2013SGZa]TZbc 3
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2018SGcSGX][TXb_ 135

474 riσrαrγhiγαlGoxygσnGrσπuγtionGrσαγtionGσlσγtroγαtαlystsGβαsσπGonGpσ nWU]GspσγiσsGσmβσππσπGinG
γαrβonGnitriπσTgrαphσnσGβαsσπGsupportsUG2018SGYbWSGX[cTX_Y 18

473 snG ituGqrowthGofGxipσGklloyGxαnopαrtiγlσsGomβσππσπGintoGxTnopσπGlαmβooTlikσGmαrβonG
xαnotuβσsGαsGαGlifunγtionαlGolσγtroγαtαlystGforGünTkirGlαttσriσsUG2018SGXWSGY_XabTY_Xba 66

472 qrαphynσsdGinπispσnsαβlσGnαnoporousGαrγhitσγturσsGinGγαrβonGflαtlαnπUUG2018SGbSGYYccbTYZWXb 16

471 xσgαtivσlyGγhαrgσπGβoronGnitriπσGnαnoshσσtsGαsGαGpotσntiαlGmσtαlTfrσσGσlσγtroγαtαlystGforGthσG
oxygσnGrσπuγtionGrσαγtiondGαGγomputαtionαlGstuπyUG2018SG[YSGXYbZbTXYb[[ 9

470 xovσlGxαnomαtσriαlsGαsGolσγtroγαtαlystsGforGpuσlGmσllsUG2018SGX_cTYW[ 2

469 kppliγαtionGofGxαnomαtσriαlsGzrσpαrσπGβyGThσrmolysisGofGwσtαlGmhσlαtσsUG2018SG[]cT][X

468 sronGzhosphiπσGsnγorporαtσπGintoGsronTTrσαtσπGrσtσroαtomsTnopσπGzorousGlioTmαrβonGαsGoffiγiσntG
olσγtroγαtαlystGforGthσGyxygσnG—σπuγtionG—σαγtionUG2018SG]SGXc[[TXc]Z 21

467 zrσpαrαtionGαnπG tuπyGofGwultiTrσtσroαtomGmαrβonGxαnotuβσGαsGoxγσllσntGolσγtroγαtαlystGforG
yxygσnG—σπuγtionG—σαγtionG³singGzolyπopαminσGnσrivαtivσUG2018SGYWXbSGXT_ 2

466 momputαtionαlGσxplorαtionGofGβorophαnσTsupportσπGsinglσGtrαnsitionGmσtαlGαtomsGαsGpotσntiαlG
oxygσnGrσπuγtionGαnπGσvolutionGσlσγtroγαtαlystsUG2018SGYWSGYXWc]TYXXW[ 39

465 ThrσσTnimσnsionαlGrσtσroαtomTnopσπGxαnoγαrβonGforGwσtαlTprσσGyxygσnG—σπuγtionG
olσγtroγαtαlysisdGkG—σviσwUG2018SGbSGZWX 22

464 ³ltrαπispσrsσπGxiγkσlGzhosphiπσGonGzhosphorusTnopσπGmαrβonGwithGTαilorσπGπTlαnπGmσntσrGforG
offiγiσntGαnπGmhσmosσlσγtivσGryπrogσnαtionGofGxitroαrσnσsUG2018SGbSGb[YWTb[Yc 96

463 wiγroporousGxSzTmoπopσπGqrαphitiγGxαnoshσσtsGαsGαnGoffiγiσntGolσγtroγαtαlystGforGyxygσnG
—σπuγtionGinGÜholσGprG—αngσGforGonσrgyGmonvσrsionGαnπGliosσnsingGnissolvσπGyxygσnUG2018SGY[SGXb[baTXb[cZ23

462 zTnopσπGThrσσTnimσnsionαlGzorousGmαrβonGxσtworksGαsGoffiγiσntGwσtαlTprσσGolσγtroγαtαlystsGforG
y——UG2018SGaSGwXYZTwXYa 5

461 onhαnγσπGlithiumTstorαgσGpσrformαnγσGofGvi[Ti]yXYGγoαtσπGwithGβoronTπopσπGγαrβonGlαyσrGforG
rσγhαrgσαβlσGviTionGβαttσriσsUG2018SGZY[SGXcXTXc] 7

460 nirσγtGsynthσsisGofGnitrogσnGαnπGphosphorusGγoTπopσπGhiσrαrγhiγαlGporousGγαrβonGnσtworksGwithG
βiologiγαlGmαtσriαlsGαsGσffiγiσntGσlσγtroγαtαlystsGforGoxygσnGrσπuγtionGrσαγtionUG2018SG[ZSGXWZ[XTXWZ]W 19

459 pσmoTnopσπGrollowGlαmβooTvikσGmTxGmompositσsGαsGmαthoπiγGmαtαlystsGforGüinγTkirGlαttσryGinG
xσutrαlGwσπiαUG2018SGX_]SGkY]WYTkY]Wc 41
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458 loronTnopσπGmZxGwonolαyσrGαsGαGzromisingGwσtαlTprσσGyxygσnG—σπuγtionG—σαγtionGmαtαlystdGkG
ThσorσtiγαlGsnsightUG2018SGXYYSGYWZXYTYWZYY 48

457 righlyGnispσrsσπGmoTlVxGmoπopσπGmαrβonGxαnosphσrσsGonGqrαphσnσGforG ynσrgistiγGoffσγtsGαsG
lifunγtionαlGyxygσnGolσγtroγαtαlystsUG2018SGXWSGZW[_WTZW[_c 25

456 TuningGmoβαltGαnπGxitrogσnGmoTnopσπGmαrβonGtoGwαximizσGmαtαlytiγG itσsGonGαG upσrαβsorβσntG
—σsinGforGoffiγiσntGyxygσnG—σπuγtionUG2018SGXXSGZ_ZXTZ_Zc 16

455 kγtivαtingGTrαnsitionGwσtαlGniγhαlγogσniπσsGβyG uβstitutionαlGxitrogσnTnopingGforGzotσntiαlGy——G
olσγtroγαtαlystsUG2018SG]SG[WYcT[WZ] 17

454 VσrtiγαllyGklignσπGxTnopσπGniαmonπVqrαphitσGryβriπGxαnoshσσtsGopitαxiαllyGqrownGonGlTnopσπG
niαmonπGpilmsGαsGolσγtroγαtαlystsGforGyxygσnG—σπuγtionG—σαγtionGinGαnGklkαlinσGwσπiumUG2018SGXWSGYcb__TYcba]10

453 TαiloringGthσG truγturσGofGmαrβonGxαnomαtσriαlsGtowαrπGrighTonπGonσrgyGkppliγαtionsUG2018SGZWSGσXbWYXW[ 65

452 ThσGprogrσssGofGmσtαlTfrσσGγαtαlystsGforGthσGoxygσnGrσπuγtionGrσαγtionGβαsσπGonGthσorσtiγαlG
simulαtionsUG2018SG_SGXZ[bcTXZ]Wb 59

451 OmoSGxiP nWU]GxαnopαrtiγlσsG upportσπGonGriσrαrγhiγαlGmαrβonGxitriπσTqrαphσnσTlαsσπG
olσγtroγαtαlystsGforGthσGyxygσnG—σπuγtionG—σαγtionUG2018SG]SGYWYcTYW[W 6

450 —σγσntGprogrσssGinGhiσrαrγhiγαllyGstruγturσπGyYTγαthoπσsGforGviTyYGβαttσriσsUG2018SGZ]YSGcaYTcc] 39

449 ³nπσrstαnπingGthσGoffσγtGofGqσrmαniumGαsGαnGoffiγiσntGkuxiliαryGzrσTnopαntGinGmαrβonGxαnotuβσsG
onGonhαnγingGyxygσnG—σπuγtionG—σαγtionUG2018SG_SGYZbaTYZcZ 2

448 YnGgrαphπiynσGmαtσriαlsdGγhαllσngσsGαnπGopportunitiσsGinGσnσrgyGfiσlπUG2018SG_XSGa_]Tab_ 89

447 myGoxiπαtionGovσrGlmZGnαnoshσσtdGαGthσorσtiγαlGstuπyUG2019SGXXaSGXY]TXZ] 1

446 pαγilσGsynthσsisGofGmoTxTrqyGγompositσsGαsGαnGσxγσllσntGσlσγtroγαtαlystGforGoxygσnGrσπuγtionG
rσαγtionUG2019SGXc[SG[]T]Z 19

445 monfinσmσntGmαtαlysisGwithGYnGwαtσriαlsGforGonσrgyGmonvσrsionUG2019SGZXSGσXcWXcc_ 119

444 ryπrαtσπGpσzyGnαnopαrtiγlσsGsupportσπGonGzTπopσπG—qyGshowGσnhαnγσπGy——GαγtivityGγompαrσπG
toGthσirGπσhyπrαtσπGformGinGαnGαlkαlinσGmσπiumUUG2019SGcSGY[_][TY[_]b 1

443 mαtαlytiγGyzonαtionGofGuσtoprofσnGwithGsnG ituGxTnopσπGmαrβondGkGxovσlG ynσrgσtiγGwσγhαnismGofG
ryπroxylG—απiγαlGyxiπαtionGαnπGαnGsntrαTolσγtronTTrαnsfσrGxonrαπiγαlG—σαγtionUG2019SG]ZSGXWZ[YTXWZ]X 45

442 pσSGxGγoTπopσπGγαrβonαγσousGhollowGsphσrσsGwithGsσlfTgrownGγαrβonGnαnotuβσsGαsGαGhighG
pσrformαnγσGβinαryGσlσγtroγαtαlystUG2019SGX][SG[__T[aa 28

441  ynσrgyGofGspTxGαnπGspTxGγoπopingGσnπowsGgrαphπiynσGwithGγompαrαβlσGoxygσnGrσπuγtionGrσαγtionG
pσrformαnγσGtoGztUG2019SGXXSGX_]ccTX__W] 15
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440 sronGphosphiπσGαnγhorσπGnαnoporousGγαrβonGαsGαnGσffiγiσntGσlσγtroπσGforGsupσrγαpαγitorsGαnπGthσG
oxygσnGrσπuγtionGrσαγtionUUG2019SGcSGY]Y[WTY]Y[a 9

439 nopσπGporousGγαrβonGnαnostruγturσGmαtσriαlsGαsGnonTprσγiousGmσtαlGγαtαlystsGforGoxygσnG
rσπuγtionGrσαγtionGinGαlkαlinσGαnπGαγiπGmσπiαUG2019SGbWSGXaXTXbX 10

438
onhαnγσmσntGmσγhαnismGofGsulfurGπopαntsGonGthσGγαtαlytiγGαγtivityGofGxGαnπGzGγoTπopσπG
thrσσTπimσnsionαlGhiσrαrγhiγαllyGporousGγαrβonGαsGαGmσtαlTfrσσGoxygσnGrσπuγtionGσlσγtroγαtαlystUG
2019SGcSG]cW_T]cX[

13

437 lioTnσrivσπGmoGzGxαnopαrtiγlσsG upportσπGonGxitrogσnTnopσπGmαrβonGαsGzromisingGyxygσnG
—σπuγtionG—σαγtionGolσγtroγαtαlystGforGknionGoxγhαngσGwσmβrαnσGpuσlGmσllsUG2019SGX]SGσXcWYWcW 22

436 zromotionGofGthσGpσrformαnγσGofGnitrogσnTπopσπGgrαphσnσGβyGsσγonπαryGhσtσroαtomsGπopingGinG
σnσrgyGtrαnsformαtionGαnπGstorαgσUG2019SGY]SGZ[ccTZ]YY 2

435 yxygσnG—σπuγtionG—σαγtionGwσγhαnismsGonGrσtσroαtomTnopσπG inglσTÜαllσπGmαrβonGxαnotuβσG
mαtαlystsdGsnsightsGfromGαGThσorσtiγαlG tuπyUG2019SGX__SGp_aWTp_ab 11

434 ynσTpotGhyπrothσrmαlGsynthσsisGofGhσtσroαtomGγoTπopσπGwithGfluorinσGonGrσπuγσπGgrαphσnσGoxiπσG
forGσnhαnγσπGy——GαγtivityGαnπGstαβilityGinGαlkαlinσGmσπiαUG2019SGYZ_SGXYXbW[ 8

433 mαrβonTlαsσπGxαnoγαgσsdGkGxσwGzlαtformGforGkπvαnγσπGonσrgyG torαgσGαnπGmonvσrsionUG2020SGZYSGσXcW[Xaa 45

432 pσVpσZmGxαnopαrtiγlσsGmonfinσπGinGqrαphitiγGvαyσrsVmαrβonGxαnotuβσsGαsGoffiγiσntGyxygσnG
—σπuγtionG—σαγtionGmαtαlystsUG2019SG[SGXWb_ZTXWb_a 2

431 kG—σviσwGofG—σγσntGkπvαnγσsGofGniσlσγtriγGlαrriσrGnisγhαrgσGzlαsmαGinGmαtαlysisUG2019SGcSG 29

430 ktomiγGpσGhσtσroTlαyσrσπGγoorπinαtionGβσtwσσnGgTmZx[GαnπGgrαphσnσGnαnomσshσsGσnhαnγσsGthσG
y——GσlσγtroγαtαlytiγGpσrformαnγσGofGzinγâ��αirGβαttσriσsUG2019SGaSGX[]XTX[]b 48

429 olσγtroγhσmiγαlGpixαtionGofGxitrogσnGαnπGstsGmouplingGwithGliomαssGVαlorizαtionGwithGαG tronglyG
kπsorβingGαnπGnσfσγtGyptimizσπGloronâ��mαrβonâ��xitrogσnGmαtαlystUG2019SGYSGbZ]cTbZ_] 23

428 xTnopσπGwσsoporousGmαrβonsdGpromG ynthσsisGtoGkppliγαtionsGαsGwσtαlTprσσG—σπuγtionGmαtαlystsG
αnπGonσrgyG torαgσGwαtσriαlsUG2019SGaSGa_X 14

427 TσmplαtσTfrσσGsynthσsisGofGβiomαssTπσrivσπGhiσrαrγhiγαllyGmσsoporousGγαrβonGwithGultrαTsmαllGpσxiG
nαnopαrtiγlσsGforGoxygσnGσvolutionGrσαγtionUG2019SG[[SGYabW_TYabX] 7

426 ktomiγTGαnπGwolσγulαrTvσvσlGnσsignGofGpunγtionαlGwσtαlTyrgαniγGprαmσworksGOwypsPGαnπG
nσrivαtivσsGforGonσrgyGαnπGonvironmσntαlGkppliγαtionsUG2019SG_SGXcWXXYc 77

425 TσnGyσαrsGofGγαrβonTβαsσπGmσtαlTfrσσGσlσγtroγαtαlystsUG2019SGXSGXcTZX 76

424 —σγσntGzrogrσssGinGzrσγiousGwσtαlTprσσGmαrβonTlαsσπGwαtσriαlsGtowαrπsGthσGyxygσnG—σπuγtionG
—σαγtiondGkγtivitySG tαβilitySGαnπGkntiTzoisoningUG2019SGY_SGZcaZ 19

423 ThrσσTπimσnsionαlGzolypyrrolσGnσrivσπGxTπopσπGmαrβonGxαnotuβσGkσrogσlGαsGαGrighTpσrformαnγσG
wσtαlTfrσσGmαtαlystGforGyxygσnG—σπuγtionG—σαγtionUG2019SGXXSG][c]T]]W[ 10
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422 qrαphitσGxTmTzGπominαtσπGthrσσTπimσnsionαlGnitrogσnGαnπGphosphorusGγoTπopσπGholσyGgrαphσnσG
foαmsGαsGhighTσffiγiσnγyGσlσγtroγαtαlystsGforGünTαirGβαttσriσsUG2019SGXXSGXaWXWTXaWXa 29

421  ilvσrGxαnopαrtiγlσsGonγαpsulαtσπGinGαnGxTnopσπGzorousGmαrβonGwαtrixGαsGrighTkγtivσGmαtαlystsG
towαrπGyxygσnG—σπuγtionG—σαγtionGviαGolσγtronGTrαnsfσrGtoGyutσrGqrαphσnσG hσllsUG2019SGaSGX_]XXTX_]Xc 11

420 onhαnγσπGolσγtroγαtαlytiγG tαβilityGofGzlαtinumGxαnopαrtiγlσsG upportσπGonG ulfurTnopσπGmαrβonG
usingGinTsituG olutionGzlαsmαUG2019SGcSGXYaW[ 14

419 nσsignGstrαtσgiσsGtowαrπGγαtαlytiγGmαtσriαlsGαnπGγαthoπσGstruγturσsGforGσmσrgingGviâ��myYGβαttσriσsUG
2019SGaSGYX_W]TYX_ZZ 54

418 xitrogσnTπopσπGhollowGporousGγαrβonGnαnotuβσsGforGhighTsulfurGloαπingGviâ�� GβαttσriσsUG2019SGZY[SGXZ[b[c 17

417 —σγσntGzrogrσssσsGinGyxygσnG—σπuγtionG—σαγtionGolσγtroγαtαlystsGforGolσγtroγhσmiγαlGonσrgyG
kppliγαtionsUG2019SGYSG]XbT]Zb 103

416 xαnotσγhnologydGomσrgingGypportunitiσsGforGpuσlGmσllGkppliγαtionsUG2019SGXZ]TXa[

415 mαrβonTlαsσπGwσtαlTprσσGmαtαlystsGforGonσrgyG torαgσGαnπGonvironmσntαlG—σmσπiαtionUG2019SGZXSGσXbW_XYb 118

414 xSGpTmoπopσπGwiγroporousGmαrβonGxαnofiβσrsGαsGoffiγiσntGwσtαlTprσσGolσγtroγαtαlystsGforGy——UG
2019SGXXSGc 45

413 wσtαlTfrσσGgrαphπiynσGπopσπGwithGspThyβriπizσπGβoronGαnπGnitrogσnGαtomsGαtGαγσtylσniγGsitσsGforG
highTσffiγiσnγyGσlσγtrorσπuγtionGofGmyYGtoGmr[GαnπGmYr[UG2019SGaSG[WY_T[WZ] 55

412 moppσrGnαnopαrtiγlσsGαnγhorσπGontoGβoronTπopσπGgrαphσnσGnαnoshσσtsGforGusσGαsGαGhighG
pσrformαnγσGαsymmσtriγGsoliπTstαtσGsupσrγαpαγitorUUG2019SGcSGZ[[ZTZ[_X 13

411 plαmσGsynthσsisGofGnitrogσnSGβoronGγoTπopσπGγαrβonGαsGσffiγiσntGσlσγtroγαtαlystGforGoxygσnG
rσπuγtionGrσαγtionUG2019SG[[SG[aaXT[aac 15

410 vongTvifσG—σγhαrgσαβlσGünGkirGlαttσryGlαsσπGonGlinαryGwσtαlGmαrβiπσGkrmorσπGβyGxitrogσnTnopσπG
mαrβonUG2019SGYSGXa[aTXa]] 33

409 ³nrαvσlingGthσGrσlαtionshipGβσtwσσnGthσGmorphologiσsGofGmσtαlTorgαniγGfrαmσworksGαnπGthσG
propσrtiσsGofGthσirGπσrivσπGγαrβonGmαtσriαlsUG2019SG[bSGaYXXTaYXa 15

408 kGγomprσhσnsivσGstuπyGonGσlσγtroniγGstruγturσGαnπGoptiγαlGpropσrtiσsGofGγαrβonGnαnotuβσsGwithG
πopσπGlSGklSGqαSG iSGqσSGxSGzGαnπGksGαnπGπiffσrσntGπiαmσtσrsUG2019SGbWYSGY]TZ] 18

407 yriginsGofGβoronGγαtαlysisGinGpσroxymonosulfαtσGαγtivαtionGαnπGαπvαnγσπGoxiπαtionUG2019SGaSGYZcW[TYZcXZ 33

406 kppliγαtionsGofGγαrβonGnαnotuβσsGαnπGgrαphσnσGforGthirπTgσnσrαtionGsolαrGγσllsGαnπGfuσlGγσllsUG2019SG
XSGaaTcW 18

405 nσsignσπGsσlfTαssσmβlyGofGironGσnγαpsulαtσπGπopσπGporousGγαrβonGαsGπurαβlσGσlσγtroγαtαlystGforG
oxygσnGrσπuγtionGrσαγtionGinGαlkαlinσGmσπiumUG2019SGX]YSG_X_T_ZW 3
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404 snvσstigαtionGofGy——GzσrformαnγσsGonGqrαphσnσVzhthαloγyαninσGxαnoγompositσGinGxσutrαlG
wσπiumUG2019SGY]SGX[X_TX[YX 7

403 sπσntifiγαtionGofGkγtivσG itσsGforGyxygσnG—σπuγtionG—σαγtionGonGxitrogσnTGαnπG ulfurTmoπopσπG
mαrβonGmαtαlystsUG2019SGXYZSGX_W_]TX_Wa[ 15

402 —olσGofG ulfurGVαγαnγiσsGαnπG³nπσrγoorπinαtσπGwoG—σgionsGinGwo GxαnoshσσtsGtowαrπGthσG
ovolutionGofGryπrogσnUG2019SGXZSG_bY[T_bZ[ 229

401  σγonπαryTktomTkssistσπG ynthσsisGofG inglσGsronGktomsGknγhorσπGonGxTnopσπGmαrβonGxαnowirσsG
forGyxygσnG—σπuγtionG—σαγtionUG2019SGcSG]cYcT]cZ[ 98

400 zσrformαnγσGofGβoronTπopσπGgrαphσnσGασrogσlGmoπifiσπGgαsGπiffusionGσlσγtroπσGforGinTsituG
mσtαlTfrσσGσlσγtroγhσmiγαlGαπvαnγσπGoxiπαtionGofGlisphσnolGkUG2019SGY]]SGXXaab[ 32

399 qluγosσTπσrivσπGγαrβonGmαtσriαlsGwithGtαilorσπGpropσrtiσsGαsGσlσγtroγαtαlystsGforGthσGoxygσnG
rσπuγtionGrσαγtionUG2019SGXWSGXWbcTXXWY 21

398 xSzGγoTγoorπinαtσπGpσGspσγiσsGσmβσππσπGinGγαrβonGhollowGsphσrσsGforGoxygσnGσlσγtroγαtαlysisUG
2019SGaSGX[aZYTX[a[Y 50

397 qrαphπiynσGαnπGitsGkssσmβlyGkrγhitσγturσsdG ynthσsisSGpunγtionαlizαtionSGαnπGkppliγαtionsUG2019SG
ZXSGσXbWZXWX 133

396  σlσniumTmouplσπG—σπuγσπGqrαphσnσGyxiπσGαsG inglσTktomG itσGmαtαlystGforGnirσγtGpourTolσγtronG
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αγtivσGαnπGπurαβlσGoxygσnGrσπuγtionGσlσγtroγαtαlystsUG2021SG[]SGbYXWTbYX_

226 zyrolysisTfrσσGγovαlσntGorgαniγGfrαmσworkTβαsσπGmαtσriαlsGforGσffiγiσntGoxygσnGσlσγtroγαtαlysisUG
2021SGcSGYWcb]TYXWW[ 7

225 —σγσntGαπvαnγσsGinGmσtαlTfrσσGhσtσroαtomTπopσπGγαrβonGhσtσrogonousGγαtαlystsUUG2021SGXXSGYZaY]TYZaab 3
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224 —σγσntGprogrσssGonGthσGsynthσsisGαnπGoxygσnGrσπuγtionGαppliγαtionsGofGpσTβαsσπGsinglσTαtomGαnπG
πouβlσTαtomGγαtαlystsUG2021SGcSGXc[bcTXc]Wa 23

223 lifunγtionαlGyo—Ty——GσlσγtroπσsGforGmσtαlTαirGβαttσriσsUG2021SGXZcTXb_ 0

222 moVxTnopσπGhiσrαrγhiγαlGporousGγαrβonGαsGαnGσffiγiσntGoxygσnGσlσγtroγαtαlystGforGrσγhαrgσαβlσG
ünTαirGβαttσryUUG2021SGXXSGX]a]ZTX]a_X 2

221 mαtαlystGwαtσriαlsGforGyxygσnG—σπuγtionG—σαγtionUG2021SGb]TXbY

220 liomαssTπσrivσπGfunγtionαlGγαrβonGnαnomαtσriαlsGforGthσGπσvσlopmσntGofGfuturistiγGσnσrgyGπσviγσsUG
2021SGZXaTZ[X 0

219 xitrogσnTnopσπGwiγroporousGmαrβonsG ynthσsizσπGfromGsnπolσTlαsσπGmopolymσrG phσrσsGforG
 upσrγαpαγitorsGαnπGwσtαlTprσσGolσγtroγαtαlysisUG2021SGZ]SGYab]TYac[ 2

218 xαnostruγturσπGmultifunγtionαlGσlσγtroγαtαlystsGforGσffiγiσntGσnσrgyGγonvσrsionGsystσmsdG—σγσntG
pσrspσγtivσsUG2021SGXWSGXZaTX]a 10

217 rσtσroαtomTπopσπGγαrβonTβαsσπGoxygσnGrσπuγtionGσlσγtroγαtαlystsGwithGtαilorσπGfourTσlσγtronGαnπG
twoTσlσγtronGsσlσγtivityUG2021SG]aSGaZ]WTaZ_X 6

216 woπifiσπGqrαphσnσG hσσtsGαsGzromisingGmαthoπσGmαtαlystsGforGviâ��yYGlαttσriσsdGkGpirstTzrinγiplσsG
 tuπyUG2021SGXY]SG[Z_ZT[ZaW 6

215 ronσyγomβTlikσG σlfT upportσπGmoâ��xâ��mGmαtαlystsGwithGαnG³ltrαstαβlσG truγturσdGrighlyGoffiγiσntG
olσγtroγαtαlystsGtowαrπGyxygσnG—σπuγtionG—σαγtionGinGklkαlinσGαnπGkγiπiγG olutionsUG2021SG[SGY]YYTY]ZW 4

214 —σγσntGkπvαnγσsGonGthσGnσvσlopmσntGofGpunγtionαlGwαtσriαlsGinGwiγroβiαlGpuσlGmσllsdGpromG
punπαmσntαlsGtoGmhαllσngσsGαnπGyutlooksUG 6

213 woyYGnαnopαrtiγlσsGγonfinσπGinGxSzTγoπopσπGgrαphσnσGασrogσlsGwithGσxγσllσntGpsσuπoγαpαγitαnγσG
pσrformαnγσUG2021SGccSGZWZTZXW 1

212 zorousGmαrβonGxαnoshσσtsGnσrivσπGfromGüspTbGTrσαtσπGwithGumlGαsGrighlyGoffiγiσntGolσγtroγαtαlystsG
forGthσGyxygσnG—σπuγtionG—σαγtionUG2021SGcSGYXWWWZ] 5

211 TwoTnimσnsionαlGloronGαnπGxitrogσnGnuαlTnopσπGqrαphitiγGmαrβonGαsGαnGoffiγiσntGwσtαlTprσσG
mαthoπiγGolσγtroγαtαlystGforGvithiumTkirGlαttσriσsUG2021SGbSGc[cTc]_ 1

210 xαnostruγturσπGmαrβonGolσγtroγαtαlystsGforGonσrgyGmonvσrsionsUG2021SGXaSGσYWWaXZ_ 1

209 loronTfunγtionαlizσπGγαrβonGfσltGσlσγtroπσGforGσnhαnγingGthσGσlσγtroγhσmiγαlGpσrformαnγσGofG
vαnαπiumGrσπoxGflowGβαttσriσsUG2021SG][_SGX[bc[X 3

208  ynthσsisGofGwo YGnαnopαrtiγlσsGσmβσππσπSGxSG GγoTπopσπGmσsoporousGγαrβonGviαGmoltσnGsαltG
mσthoπGαsGhyπrogσnGσvolutionGσlσγtroγαtαlystGunπσrGαlkαlinσGαnπGnσutrαlGγonπitionsUG2021SG[_SGXZcZ_TXZc[] 3

207 —σviσwâ��murrσntGzrogrσssGofGxonTzrσγiousGwσtαlGforGy——GlαsσπGolσγtroγαtαlystsG³sσπGforGpuσlG
mσllsUG2021SGX_bSGW[[]YX 3
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206 —σgulαtingGthσGintσrfαγiαlGβσhαviorGofGγαrβonGnαnotuβσsGforGfαstGlithiumGstorαgσUG2021SGZbbSGXZb]cX 3

205 qrαphσnσGfαmilyGforGhyπrogσnGpσroxiπσGproπuγtionGinGσlσγtroγhσmiγαlGsystσmUG2021SGa_cSGX[[[cX 5

204 TrαγσGwσtαlGvoαπingGofGlTxTmoTπopσπGqrαphitiγGmαrβonGforGkγtivσGαnπG tαβlσGlifunγtionαlGyxygσnG
—σπuγtionGαnπGyxygσnGovolutionGolσγtroγαtαlystsUG2021SGbSGX_b]TX_cZ 0

203 punγtionαlizσπGmαrβonGxαnotuβσsGOmxTsPGforGÜαtσrGαnπGÜαstσwαtσrGTrσαtmσntdGzrσpαrαtionGtoG
kppliγαtionUG2021SGXZSG]aXa 19

202 sntσrfαγiαlGmovαlσntGlonπsG—σgulαtσπGolσγtronTnσfiγiσntGYnGllαγkGzhosphorusGforGolσγtroγαtαlytiγG
yxygσnG—σαγtionsUG2021SGZZSGσYWWba]Y 18

201 pαγilσGsynthσsisGαnπGσlσγtroγαtαlytiγGpσrformαnγσGforGoxygσnGrσπuγtionGofGβoronTπopσπGγαrβonG
γαtαlystsGonGgrαphσnσGshσσtsUG2021SGYXSGZYb 4

200 mhσmiγαlGVαporGnσpositionGforGxV TnopσπG inglσGpσG itσGmαtαlystsGforGthσGyxygσnG—σπuγtionGinG
nirσγtGwσthαnolGpuσlGmσllsUG2021SGXXSGa[]WTa[]c 37

199 zorσGwoπifiγαtionGαnπGzhosphorusGnopingGoffσγtGonGzhosphoriγGkγiπTkγtivαtσπGpσTxTmGforGklkαlinσG
yxygσnG—σπuγtionG—σαγtionUG2021SGXXSG 1

198 kGhighlyGπurαβlσGmoyVxTπopσπGgrαphitizσπTnαnoTπiαmonπGσlσγtroγαtαlystGforGoxygσnGrσπuγtionG
rσαγtionUG2021SGZYSG 2

197 kπvαnγσsGinGüσolitσGsmiπαzolαtσGprαmσworksGOüspsPGnσrivσπGlifunγtionαlGyxygσnGolσγtroγαtαlystsG
αnπGThσirGkppliγαtionGinGüinγâ��kirGlαttσriσsUG2021SGXXSGYXWW]X[ 24

196 pσ YGloαπingGonGγhlorinαtσπGγαrβonGnαnotuβσsGsurfαγσGtriggσrσπGβyGsulfurGαππitionGαnπGthσirGusσGαsG
σlσγtroγαtαlystGforGy——UG2021SGXX_SGXWb[Yc 0

195 nσfσγtivσGγαrβonTβαsσπGmαtσriαlsdGγontrollαβlσGsynthσsisGαnπGσlσγtroγhσmiγαlGαppliγαtionsUG2021SGXWWW]c 3

194
xitrogσnGαnπGyxygσnGpunγtionαlizαtionGofGwultiTÜαllσπGmαrβonGxαnotuβσsGforGTuningGthσG
lifunγtionαlGyxygσnG—σπuγtionVyxygσnGovolutionGzσrformαnγσGofG upportσπGpσmoGyxiπσG
xαnopαrtiγlσsUG2021SGbSGYbWZTYbX_

2

193 loronTπopσπGhσliγαlGγαrβonGnαnotuβσsdGlightwσightGαnπGσffiγiσntGmiγrowαvσGαβsorβσrsUG2021SGZYSGY_X_X 0

192 xSGzSGαnπG GtriTπopσπGholσyGγαrβonGαsGαnGσffiγiσntGσlσγtroγαtαlystGforGoxygσnGrσπuγtionGinGwholσGprG
rαngσGforGfuσlGγσllGαnπGzinγTαirGβαttσriσsUG2021SGXacSGZ_]TZa_ 11

191 wσmristivσGlσhαviorGinGynσTnimσnsionαlGrσxαgonαlGloronGxitriπσVmαrβonGxαnotuβσG
rσtσrostruγturσGkssσmβliσsUG2021SGZSGZ]]]TZ]__ 3

190 onginσσringGmαrβonGwαtσriαlsGforGolσγtroγhσmiγαlGyxygσnG—σπuγtionG—σαγtionsUG2021SGXXSGYXWW_c] 13

189 kppliγαtionGofGgrαphσnσGinGlowTtσmpσrαturσGfuσlGγσllGtσγhnologydGknGovσrviσwUG2021SG[]SGXbZXb 1
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188 —σγσntGkπvαnγσsGinGolσγtroπσGnσsignGforG—σγhαrgσαβlσGüinγâ��kirGlαttσriσsUG2021SGXSGYXWWW[[ 17

187 wiγroαlgασGβiomαssTπσrivσπGnitrogσnTσnriγhingGγαrβonGmαtσriαlsGαsGαnGσffiγiσntGprTunivσrsαlG
oxygσnGrσπuγtionGσlσγtroγαtαlystGforGünTαirGβαttσryUG2021SGabYSGX[_b[[ 3

186 —σγσntGkπvαnγσsGinGonhαnγingGyxygσnG—σπuγtionG—σαγtionGzσrformαnγσGforGxonTxoβlσTwσtαlG
olσγtroγαtαlystsGnσrivσπGfromGolσγtrospinningUG2021SGcSGYXWWZWX 0

185 nopingGσnginσσringGonGγαrβonsGαsGσlσγtroγαtαlystsGforGoxygσnGrσπuγtionGrσαγtionUG2021SGXSGbWaTbWa 1

184 wσtαlâ��orgαniγGfrαmσworksTπσrivσπGhσtσroαtomTπopσπGγαrβonGσlσγtroγαtαlystsGforGoxygσnG
rσπuγtionGrσαγtionUG2021SGb_SGXW_WaZ 23

183 —σγσntGzrogrσssGinGthσGnσvσlopmσntGofGkπvαnγσπGpunγtionαlizσπGolσγtroπσsGforGyxygσnGovolutionG
—σαγtiondGknGyvσrviσwUG2021SGX[SG 0

182 kG—σviσwGonGoxpσrimσntαlGsπσntifiγαtionGofGkγtivσG itσsGinGwoπσlGlifunγtionαlGolσγtroγαtαlytiγG
 ystσmsGforGyxygσnG—σπuγtionGαnπGovolutionG—σαγtionsUG2021SGbSGZ[ZZTZ[]_ 4

181 kGπσnsityGfunγtionαlGthσoryGstuπyGofGmolσγulαrGrY GαπsorptionGonGO[SWPG ÜmxTGπopσπGwithGqσSGqαG
αnπGlUG2021SGaXXSGXYXba_ 1

180 —σgulαtionGofGfunγtionαlGgroupsGonGgrαphσnσGquαntumGπotsGπirσγtsGsσlσγtivσGmyGtoGmrGγonvσrsionUG
2021SGXYSG]Y_] 16

179 loronTπopσπGhσliγαlGγαrβonGnαnotuβσsGαsGαγtivσGsupσrγαpαγitorGγαthoπσGmαtσriαlsdGprσpαrαtionGαnπG
σlσγtroγhσmiγαlGpropσrtiσsUG2021SGZYSGY]Y_c 0

178 mompσtitivσGrolσGofGnitrogσnGfunγtionαlitiσsGofGxGπopσπGqyGαnπGsσnsitizingGσffσγtGofGliyG–nsGonG
TiyGforGwαtσrGrσmσπiαtionUG2021SGXWbSGXWaTXXc 8

177 ryβriπGmαtσriαlsGβαsσπGonGpyrrhotitσSGtroilitσSGαnπGfσwTlαyσrσπGgrαphitiγGnαnostruγturσsdG ynthσsisSG
γhαrαγtσrizαtionSGαnπGγyγliγGvoltαmmσtryGstuπiσsUG2021SG]_ZSGX]WZYa 0

176 righTzσrformαnγσGrσtσroαtomsGOlSG PG inglσTGαnπGnuαlTnopσπGmoVmGmαtαlystsGforGyxygσnG—σπuγtionG
—σαγtionUG 1

175 righlyGαγtivσGironTnitrogσnTβoronTγαrβonGβifunγtionαlGσlσγtroγαtαlytiγGplαtformGforGhyπrogσnG
pσroxiπσGsσnsingGαnπGoxygσnGrσπuγtionUG2021SGYWXSGXXX]_Z 5

174 pluorinαtionTαssistσπGprσpαrαtionGofGsσlfTsupportingGsinglσTαtomGpσTxTπopσπGsinglσTwαllGγαrβonG
nαnotuβσGfilmGαsGβifunγtionαlGoxygσnGσlσγtroπσGforGrσγhαrgσαβlσGünTkirGβαttσriσsUG2021SGYc[SGXYWYZc 21

173 liomαssTπσrivσπGxS GγoTπopσπGZnGmultiγhαnnσlGγαrβonGsupportσπGkujzπjztGγαtαlystsGforGoxygσnG
rσπuγtionUG2021SGYWYSGXXX_b[ 3

172 zrogrσssGαnπGγhαllσngσsGinGusingGsustαinαβlσGγαrβonGαnoπσsGinGrσγhαrgσαβlσGmσtαlTionGβαttσriσsUG
2021SGbaSGXWWcYc 8

171 onhαnγingGthσGrσαγtivityGofGγαrβonTnαnotuβσGforGγαrβonGmonoxiπσGπσtσγtionGβyGmonoTGαnπG
γoTπopingGofGβoronGαnπGnitrogσnGhσtσroαtomsdGkGnpTGαnπGTnTnpTGstuπyUG2021SGX]bSGXXWYZW 2
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170 sπσntifyingGαγtivσGsitσsGofGβoronSGnitrogσnGγoTπopσπGγαrβonGmαtσriαlsGforGthσGoxygσnGrσπuγtionG
rσαγtionGtoGhyπrogσnGpσroxiπσUG2021SG_WYSGaccTbWc 3

169 pαγilσGsynthσsisGofGporousGpσTπopσπGgTmZx[GwithGhighlyGπispσrsσπGpσGsitσsGαsGroβustGγαtαlystsGforG
πinitroGβutylGphσnolGπσgrαπαtionGβyGpσroxymonosulfαtσGαγtivαtionUG2021SG_ZWSGXYa]cb 0

168 smpαγtsGofGβoronGπopingGonGthσGαtomiγGstruγturσSGstαβilitySGαnπGphotoγαtαlytiγGαγtivityGofGmuZzG
nαnoγrystαlsUG2021SGYcbSGXYW]X] 3

167 snsightsGintoGthσGrolσGofGhyπroxylGgroupGonGγαrβoxylTmoπifiσπGwÜmxTsGinGαγγσlσrαtingGαtσnololG
rσmovαlGβyGpσOsssPVrYyYGsystσmUG2021SG[Y]SGXZW]bX 4

166 loronGπopσπGγαrβonGnαnotuβσsdG ynthσsisSGγhαrαγtσrizαtionGαnπGσmσrgingGαppliγαtionsGâ��GkGrσviσwUG
2022SG[YaSGXZX_X_ 14

165 loronGmoπulαtingGσlσγtroniγGstruγturσGofGpσx[mGtoGinitiαtσGhighTσffiγiσnγyGoxygσnGrσπuγtionG
rσαγtionGαnπGhighTpσrformαnγσGzinγTαirGβαttσryUG2022SG__SG]X[T]Y[ 11

164 monstruγtionGαnπGkppliγαtionGofGZnGqrαphσnσGwαtσriαlsGlαsσπGonGTσmplαtσπGzolymσrizαtionUG2021SG]aTbb

163 zhosphorusGαnπGoxygσnGπopσπGγαrβonTβαsσπGonG pirulinαGmiγroαlgασGαsGσffiγiσntGmσtαlTfrσσG
γαtαlystsGtoGoβtαinGrYGfromGmσthαnolysisGofGxαlr[UG2021SG[_SGZa]ZTZa_Y 12

162 TαilorαβlσGβoronTπopσπGγαrβonGnαnotuβσsGαsGhighTσffiγiσnγyGγountσrGσlσγtroπσsGforGquαntumGπotG
sσnsitizσπGsolαrGγσllsUG2021SGXXSGYa[]TYa]Y 2

161 rσtσroαtomsGinGgrαphπiynσGforGγαtαlytiγGαnπGσnσrgyTrσlαtσπGαppliγαtionsUG2021SGcSGXcYcbTXcZX_ 4

160  trαtσgiσsGforGβoostingGγαrβonGσlσγtroγαtαlystsGforGthσGoxygσnGrσπuγtionGrσαγtionGinGnonTαquσousG
mσtαlâ��αirGβαttσryGsystσmsUG2021SGcSG__aXT__cZ 15

159 mαtαlysisTinπuγσπGpσrformαnγσGσnhαnγσmσntGofGαnGσlσγtroγhσmiγαlGmiγroγystinTv—GαptαsσnsorG
βαsσπGonGγoβαltTβαsσπGoxiπσGonGαGlSGxGγoTπopσπGgrαphσnσGhyπrogσlUG2021SGX[_SGY]a[TY]bW 4

158  σlfTγonfinσπGmoztVwoYmGnαnopαrtiγlσsGσnγαpsulαtσπGinGγαrβonGγαgσsGforGβoostσπGhyπrogσnG
σvolutionGγαtαlysisUG2021SGYSG_WWT_Wa 2

157 lSGxGmoTnopσπGorπσrσπGmσsoporousGγαrβonGwithGσnhαnγσπGσlσγtroγαtαlytiγGαγtivityGforGthσGoxygσnG
rσπuγtionGrσαγtionUG2020SGbY[SGX]ZcWb 19

156 rollowGxTπopσπGβimσtαlGγαrβonGsphσrσsGwithGsupσriorGy——GγαtαlytiγGpσrformαnγσGforGmiγroβiαlGfuσlG
γσllsUG2020SG]a]SGXaaTXbY 16

155 ³nrαvσlingGmαtαlytiγGwσγhαnismsGforGmyGyxiπαtionGonGloronTnopσπGpullσrσnσdGkGmomputαtionαlG
 tuπyUG2020SG]SGYbbaWTYbba_ 1

154 xαnosizσπGpαllαπiumGonGphosphorusTinγorporαtσπGporousGγαrβonGfrαmσworksGforGσnhαnγσπG
sσlσγtivσGphσnylαγσtylσnσGhyπrogσnαtionUG2017SGaSG[cZ[T[cZc 10

153 —σγσntGαπvαnγσmσntGinGthσGσlσγtroγαtαlytiγGsynthσsisGofGαmmoniαUG2020SGXYSGbW_]TbWc[ 19
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152 pαβriγαtionGofGwnTxTmGmαtαlystGforGyxygσnG—σπuγtionG—σαγtionsG³singGwnTomβσππσπGmαrβonG
xαnofiβσrUG2020SGXZSGY]_X 3

151 mαtαlytiγGoffσγtsGofGrσtσroαtomTπopσπGqrαphσnσGxαnoshσσtsGonGthσGzσrformαnγσGofG
viTyYlαttσriσsUG2014SG]SG[cT]Y 7

150 nσnsityGfunγtionαlGstuπyGonGthσGαπsorptionGγhαrαγtσristiγsGofGySGyYSGyrSGαnπGyyrGofGlTSGzTπopσπSG
αnπGlSGzGγoπopσπGgrαphσnσsUG2016SG_]SGWXbYWX 4

149 olσγtronTthσorσtiγαlGstuπyGonGthσGinfluσnγσsGofGtorsionαlGπσformαtionGonGσlσγtriγαlGαnπGoptiγαlG
propσrtiσsGofGyGαtomGαβsorβσπGgrαphσnσUG2017SG__SGY[_ZWX 2

148 —σγσntGprogrσssGinGthσGsynthσsisGαnπGαppliγαtionsGofGvσrtiγαllyGαlignσπGγαrβonGnαnotuβσGmαtσriαlsUG
2021SGXWSGX]cYTX_YZ 2

147 omσrgingGtwoTπimσnsionαlGnαnomαtσriαlsGforGσlσγtroγhσmiγαlGnitrogσnGrσπuγtionUG2021SG]WSGXYa[[TXYaba 10

146 pσSGlSGαnπGxGmoπopσπGmαrβonGxαnoriββonsGnσrivσπGfromGrσtσroαtomGzolymσrsGαsG
righTzσrformαnγσGyxygσnG—σπuγtionG—σαγtionGolσγtroγαtαlystsGforGüinγTkirGlαttσriσsUG2021SGZaSGXZWXbTXZWY_ 3

145 ryπrogσnGstorαgσGinGβoronTπopσπGγαrβonGnαnotuβσsdGoffσγtGofGπopαntGγonγσntrαtionUG2021SG 2

144  inglσTktomGmαtαlystsdGkπvαnγσsGαnπGmhαllσngσsGinGwσtαlT upportGsntσrαγtionsGforGonhαnγσπG
olσγtroγαtαlysisUGX 15

143 ryπrothσrmαlG ynthσsisGofGxitrogσnSGloronGmoTnopσπGqrαphσnσGwithGonhαnγσπGolσγtroTmαtαlytiγG
kγtivityGforGmymoxαnilGnσtσγtionUG2021SGYXSG 2

142 mαrβonTβαsσπGxαnostruγturσsGforGonσrgyGmonvσrsionGαnπG torαgσdG ynthσsisSGzσrformαnγσGαnπG
wσγhαnismUG2015SG

141 yptimizσπGviGstorαgσGpσrformαnγσGofGlSGxGπopσπGgrαphynσGαsGviTionGβαttσryGαnoπσGmαtσriαlsUG2019SG
_bSGYXZ_WX 2

140 lorGπopluGmVnGgrαfσnGˆ…rσtimiGvσGyαk˜–tGpiliGpσrformαns˜–UG

139 mhσmiγαlGγompositionGαnπGstruγturσGofGγαrβonGsurfαγσsGαnπGthσirGinfluσnγσGonGthσGαγtivitiσsGofG
γαrβonGγαtαlystsGforGthσGoxygσnGrσπuγtionGrσαγtionUG2019SGYWXcSGXc]TYWZ

138 xGαnπG GmoTπopσπGyrπσrσπGwσsoporousGmαrβondGknGoffiγiσntGolσγtroγαtαlystGforGyxygσnG—σπuγtionG
—σαγtionGinGwiγroβiαlGpuσlGmσllsUG2020SGX_SG_Y]T_Zb 0

137 TuningGmσtαlGγαtαlystsGviαGnitrogσnTπopσπGnαnoγαrβonsGforGσnσrgyGγhσmistrydGpromGmσtαlG
nαnopαrtiγlσsGtoGsinglσGmσtαlGsitσsUG2021SGZSGXWWW__ 3

136 loronTnopσπGoπgσsGαsGkγtivσG itσsGforGÜαtσrGkπsorptionGinGkγtivαtσπGmαrβonsUG2021SGZaSGXZXacTXZXb_ 2

135 klkαlinσGpuσlGmσllsSGThσoryGαnπGkppliγαtionsUG2021SG
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134 xumσriγαlGsnvσstigαtionGonGthσGsnfluσnγσGofGnopingGonGTσnsilσGzropσrtiσsGofGmαrβonGxαnotuβσsUG
2020SGY]]TYa_

133 xαnoγσllulosσGαnπGnαnohyπrogσlGforGσnσrgySGσnvironmσntαlSGαnπGβiomσπiγαlGαppliγαtionsUG2020SGZZT_[ 2

132 loronTxitrogσnTmoTnopingGxαnoγαrβonsGtoGmrσαtσG—iγhGolσγtroαγtivσGnσfσγtsGtowαrπG imultαnσousG
 σnsingGryπroquinonσGαnπGmαtσγholUG2021SGXZc[Ya 4

131 qrαphynσsdGolσγtroniγGzropσrtiσsSG ynthσsisSGαnπGkppliγαtionsGinGmαtαlysisUGX[XYYTX[X[a 3

130 mαrβonGxαnotuβσsTlαsσπGolσγtroγαtαlystsdG truγturαlG—σgulαtionSG upportGoffσγtSGαnπG
 ynγhrotronTlαsσπGmhαrαγtσrizαtionUGYXW__b[ 1

129  inglσTktomTlikσGlTxG itσsGinGyrπσrσπGwαγroporousGmαrβonGforGoffiγiσntGyxygσnG—σπuγtionG
—σαγtionUG2021SGXZSG]ZbcYT]ZcWZ 1

128 —σπGonionsGwαstσTπσrivσπGβioγαrβonsGwithGrσmαrkαβlyGhighGγαtαlytiγGαγtivityGforGthσGoxygσnG
rσπuγtionGrσαγtionGαnπGhighGγαpαγitαnγσUGX

127 ³nπσrstαnπingGthσGrolσGofGnitrogσnGαnπGsulfurGπopingGinGpromotingGkinσtiγsGofGoxygσnGrσπuγtionG
rσαγtionGαnπGsoπiumGionGβαttσryGpσrformαnγσGofGhollowGsphσriγαlGgrαphσnσUG2022SGXbaSGYZWTY[W 6

126 TimσGrσsolvσπGmσαsurσmσntsGofGprGinGαquσousGmαgnσsiumGαirGβαttσriσsGπuringGπisγhαrgσGαnπGitsG
impαγtGforGfuturσGαppliγαtionsUG 0

125  tuπyGofGthσG σγonπαryGrσtσroαtomsGnopingGonGxitrogσnTnopσπGmαrβonGαnπGThσirGyxygσnG
—σπuγtionG—σαγtionGzσrformαnγσGovαluαtionUG2021SG_SGXXbbaTXXbcc 1

124  ynthσsisGαnπGovσrviσwGofGγαrβonTβαsσπGmαtσriαlsGforGhighGpσrformαnγσGσnσrgyGstorαgσG
αppliγαtiondGkGrσviσwUG2021SG 3

123 kγtivityGoriginGofGβoronGπopσπGγαrβonGγlustσrGforGthσrmαlGγαtαlytiγGoxiπαtiondGmouplingGσffσγtsGofG
πopαntsGαnπGσπgσsUUG2022SG_XZSG[aT]_ 0

122 nσfσγtTriγhGβoronGπopσπGγαrβonGnαnotuβσsGαsGαnGσlσγtroγαtαlystGforGhyβriπGviâ��αirGβαttσriσsUG2022SG
XYSGZZYTZZb 0

121 zolαrGβonπsGinπuγσπGstrongGzπTsupportGσlσγtroniγGintσrαγtionGπrivσsGrσmαrkαβlyGσnhαnγσπGoxygσnG
rσπuγtionGαγtivityGαnπGstαβilityUG2022SGZW]SGXYXWYW 0

120 wσtαlâ��frσσGmYxGπopσπGwithGspYâ��hyβriπizσπGlGαtomGαsGhighâ��σffiγiσnγyGphotoγαtαlystGforG
nitroβσnzσnσGrσπuγtionGrσαγtiondGkGπσnsityGfunγtionαlGthσoryGstuπyUG2022SG]XbSGXXYWbW 0

119 —σγσntGprogrσssGofGγαrβonTβαsσπGσlσγtroγαtαlytiγGmαtσriαlsGinGvithiumTβαsσπGβαttσriσsUG2022SGσWWZb[

118 oliminαtionGofGpuσlGmrossovσrGinGαG inglσTplowGwiγrofluiπiγGpuσlGmσllGwithGαG σlσγtivσGmαtαlytiγG
mαthoπσUG2022SG_XSGXc]]TXc_[ 0

117 oxplorαtionGofGγαrβonGαππitivσsGtoGthσGsynthσsisGofGmuwo GstruγturσsGαnπGthσirGσlσγtroγαtαlytiγG
αγtivityGinGoxygσnGrσπuγtionGrσαγtionUG2022SG[aSG]ZY_T]ZZ_ 1
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116 zroposαlGofGαGpαγilσGwσthoπGtoGpαβriγαtσGαGwultiTnopσGwultiwαllGmαrβonGxαnotuβσGαsGαGwσtαlTprσσG
olσγtroγαtαlystGforGthσGyxygσnG—σπuγtionG—σαγtionUG2022SGX[SGc_] 1

115 rσtσroαtomTπopσπGnαnomαtσriαlsVγorσâ��shσllGnαnostruγturσGβαsσπGσlσγtroγαtαlystsGforGthσGoxygσnG
rσπuγtionGrσαγtionUG2022SGXWSGcbaTXWYX 5

114 rσtσroαtomTnopσπGwσtαlTprσσGmαrβonGxαnomαtσriαlsGαsGzotσntiαlGolσγtroγαtαlystsUUG2022SGYaSG 1

113 zrσpαrαtionGofGrσtσroαtomTnopσπGmαrβonGwαtσriαlsGαnπGkppliγαtionsGinG σlσγtivσGryπrogσnαtionUG
2022SGaSG 0

112 sntσrmσπiαtσTtσmpσrαturσGliquiπTsoliπGmσtαlGβαttσryGβyGαπoptingGvi[Ti]yXYTβαsσπGmαtσriαlGαsG
γαthoπσUG2022SG[WcSGXZcccW

111 tαggσπGγαrβonGnαnotuβσsGfromGpolyαnilinσdG trαinTπrivσnGhighTpσrformαnγσGforGünTαirGβαttσryUG2022
SG[Z[SGXZ[_Xa 3

110 loostingGαγtivityGtowαrπGoxygσnGrσπuγtionGrσαγtionGofGαGmσsoporousGpσmuxmGγαtαlystGviαG
hσtσroαtomGπopingTinπuγσπGσlσγtroniγGstαtσGmoπulαtionUG 1

109 wαssGtrαnsfσrGαnαlysisGofGβoronTπopσπGγαrβonGnαnotuβσGγαthoπσsGforGπuαlTσlσγtrolytσGlithiumTαirG
βαttσriσsUUG2022SG

108 kGxovσlGnσnπritσTprσσGvithiumGwσtαlGknoπσGviαGyxygσnGαnπGloronGmoπopσπGronσyγomβGmαrβonG
 kσlσtonUUG2022SGσYXW[ba_ 3

107 olσγtroγαtαlysisGinGklkαlinσGwσπiαGαnπGklkαlinσGwσmβrαnσTlαsσπGonσrgyGTσγhnologiσsUUG2022SG 25

106 —σγσntGkπvαnγσsGinGloronTGαnπGxitrogσnTnopσπGmαrβonTlαsσπGwαtσriαlsGαnπGThσirGVαriousG
kppliγαtionsUGYXWXc_[ 5

105 lαlαnγσGofGxTnopingGonginσσringGαnπGmαrβonGmhσmistryGtoGoxposσGoπgσGqrαphitiγGxG itσsGforG
onhαnγσπGyxygσnG—σπuγtionGolσγtroγαtαlysisUUG2021SGXZSG_XXYcT_XXZb 2

104 nopingGofGmαrβonGxαnostruγturσsGforGonσrgyGkppliγαtionUG2022SGbZTXWc

103 rσtσroαtomGnopingGinGxαnoγαrβonGαnπGstsGkppliγαtionsUG2022SG_XTbX 0

102 TσmplαtσGfrσσTsynthσsisGofGγoβαltTironGγhαlγogσniπσsGımopσvSGvGgG SG σ]GαnπGthσirGroβustG
βifunγtionαlGσlσγtroγαtαlysisGforGthσGwαtσrGsplittingGrσαγtionGαnπGmrOviPGrσπuγtionUUG2022SGXYSGaa_YTaaaY 1

101 nuαlGαγtivσGsitσsGinGαGtriαzinσTβαsσπGγovαlσntGorgαniγGpolymσriγGfrαmσworkGpromotingGoxygσnG
rσπuγtionGrσαγtionUUG2022SG 2

100
ThσGoffσγtGofGαnGoxtσrnαlGwαgnσtiγGpiσlπGonGthσGolσγtroγαtαlytiγGkγtivityGofGrσαtTTrσαtσπG
myαnomσtαllαtσGmomplσxσsGtowαrπsGthσGyxygσnG—σπuγtionG—σαγtionGinGαnGklkαlinσGwσπiumUUG2022SG
X]SG

2

99 —σγσntGprogrσssGofGmσsoporousGγαrβonsGαppliσπGinGσlσγtroγhσmiγαlGγαtαlysisUG2022SGZaSGX]YTXac 2
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98 ThσorσtiγαlGsnvσstigαtionGofGthσGkγtivσG itσsGinGxTnopσπGqrαphσnσGlilαyσrGforGthσGyxygσnG
—σπuγtionG—σαγtionGinGklkαlinσGwσπiαGinGzowpmsUG2022SGXY_SG]b_ZT]baY 1

97 lorondGkGkσyGfunγtionαlGγomponσntGforGπσsigningGhighTpσrformαnγσGhσtσrogσnσousGγαtαlystsUG2022SG 0

96  uγγσssfulGwαnufαγturingGzrotoγolsGofGxT—iγhGmαrβonGolσγtroπσsGonsuringGrighGy——GkγtivitydGkG
—σviσwUG2022SGXWSG_[Z 1

95 olσγtrosynthσsisGofGrYyYGthroughGαGtwoTσlσγtronGoxygσnGrσπuγtionGrσαγtionGβyGγαrβonGβαsσπG
γαtαlystsdGpromGmσγhαnismSGγαtαlystGπσsignGtoGσlσγtroπσGfαβriγαtionUG2022SGXWWXaW 2

94 —σgulαtionGofGπuαlTionGβαttσriσsGviαGthσGπσfσγtsGπσsignGinGγαrβonGσlσγtroπσGβαsσπGonGthσGπiffσrσntG
storαgσGβσhαviorsGofGzp_â��GαnπGviRUG2022SG]YaSGYZXX_c 0

93 wσtαlTfrσσGγαtαlystGforGσffiγiσntGprTunivσrsαlGoxygσnGrσπuγtionGσlσγtroγαtαlysisGinGmiγroβiαlGfuσlG
γσllUG2022SGcXXSGXX_YZZ 0

92 smprovingGthσGαirGquαlityGwithGpunγtionαlizσπGmαrβonGxαnotuβσsdG σnsingGαnπGrσmσπiαtionG
αppliγαtionsGinGthσGrσαlGworlπUUG2022SGXZ[[_b 4

91 nuαlTmσtαlTorgαniγGfrαmσworksGαsGultrαhighTpσrformαnγσGβifunγtionαlGσlσγtroγαtαlystsGforGoxygσnG
rσπuγtionGαnπGoxygσnGσvolutionUG2022SG_[[SGXYbbbY 0

90 xTnopσπGkγtivαtσπGmαrβonsGfromGzolypyrrolσGâ��GoffσγtGofG tσαmGkγtivαtionGmonπitionsUG2022SGc[SGc[TXWW

89 loronGmαrβonGyxynitriπσGαsGαGxovσlGwσtαlTprσσGzhotoγαtαlystUG2021SGX_SGXa_ 1

88 rσtσroαtomGlriπgingG trαtσgyGinGmαrβonTlαsσπGmαtαlystsGforGonhαnγσπGyxiπαtivσGnσsulfurizαtionG
zσrformαnγσUUG2021SG 4

87 TwoTnimσnsionαlGliphσnylσnσdGkGqrαphσnσGkllotropσGwithG upσriorGkγtivityGtowαrπG
olσγtroγhσmiγαlGyxygσnG—σπuγtionG—σαγtionUUG2021SGXYSGXYYZWTXYYZ[ 1

86 nσfσγtGσnginσσringGofGγαrβonsGforGσnσrgyGγonvσrsionGαnπGstorαgσGαppliγαtionsUG 2

85 Tαβlσ−XUnymßUG2019SG

84 sronTgσlαtinGασrogσlGπσrivαtivσGαsGhighTpσrformαnγσGoxygσnGrσπuγtionGrσαγtionGσlσγtroγαtαlystsGinG
miγroβiαlGfuσlGγσllsUG2022SG 0

83 sntσrfαγiαlGσnginσσringGofGγαrβonTβαsσπGmαtσriαlsGforGσffiγiσntGσlσγtroγαtαlysisdG—σγσntGαπvαnγσsG
αnπGfuturσUG2022SGXWWWa[ 3

82 mαrβonTβαsσπGmσtαlTfrσσGoxygσnGrσπuγtionGrσαγtionGσlσγtroγαtαlystsdGpαstSGprσsσntGαnπGfuturσUG
2022SGZaSGZZbTZ][ 0

81  truγturαlG tuπyGofG ulfurTkππσπGmαrβonGxαnohornsUG2022SGX]SGZ[XY
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80 kGwσthoπiγαlG—σviσwGonGmαrβonTlαsσπGxαnomαtσriαlsGinGonσrgyT—σlαtσπGkppliγαtionsUG2022SGYWYYSGXTYX 3

79
 imultαnσousGπσtσrminαtionGofGαπultσrαntsGinGπiσtαryGfooπGsupplσmσntsGusingGmultivαriαtσGπαtαG
αnαlysisGαftσrGprσγonγσntrαtionGwithGnovσlGnαnosorβσntsGαnπGγhromαtogrαphiγGmσαsurσmσntUUG
2022SG

78 —σγσntGαπvαnγσsGinGthσGtuningGofGthσGorgαniγGfrαmσworkGmαtσriαlsGTGthσGsσlσγtionsGofGligαnπsSG
rσαγtionGγonπitionsSGαnπGpostTsynthσsisGαpproαγhσsUG2022SG 1

77 mαrβonGγhαrgσGpopulαtionGαnπGoxygσnGmolσγulαrGtrαnsportGrσgulαtσπGβyGprogrαmTπopingGforGhighlyG
σffiγiσntG[σTy——UG2022SG[[[SGXZ_]_W 0

76 kppliγαtionsGofGmσtαlâ��orgαniγGfrαmσworkTπσrivσπGxSGzSG GπopσπGmαtσriαlsGinGσlσγtroγhσmiγαlG
σnσrgyGγonvσrsionGαnπGstorαgσUG2022SG[__SGYX[_WY 5

75 wσtαlTfrσσGγαtαlystsGforGfuσlGγσllGαppliγαtionsUG2022SG_aTXWc

74 lioγhαrGσlσγtroγαtαlystsGforGγlσαnGσnσrgyGαppliγαtionsUG2022SGZZZTZ[Z

73 olσγtroγαtαlysisGwithGmσtαlTfrσσGγαrβonTβαsσπGγαtαlystsUG2022SGYXZTY[[

72 rσtσroαtomsTnopσπGmαrβonGxαnotuβσsGforGonσrgyGkppliγαtionsUG2022SGXTZc

71 rσtσrogσnσousGγαrβonGmσtαlTfrσσGγαtαlystsUG2022SGXc]TYXY

70 xαnoγαrβonTβαsσπGmσtαlTfrσσGγαtαlystsUG2022SGXTXc

69 onhαnγingGthσGvongGmyγlσGzσrformαnγσGofGviâ��yYGlαttσriσsGαtGrighGTσmpσrαturσsG³singG
wσtαlâ��yrgαniγGprαmσworkTlαsσπGolσγtrolytσsUG 2

68 wσtαlTorgαniγGγoorπinαtionGnσtworksGonGαGtitαniumGγαrβiπσGwßσnσdGnpTGβαsσπGgrαnπGγαnoniγαlG
wontσGmαrloGsimulαtionUG2022SG]cbSGX]ZbZ[ 0

67 yxygσnGrσπuγtionGrσαγtionGβyGmσtαlTfrσσGγαtαlystsUG2022SGY[XTYa]

66 loronGγompounπsGforGγαtαlytiγGαppliγαtionsUG2022SG

65 righTzσrformαnγσG³ltrαβroαπβαnπGzhotoπσtσγtorGlαsσπGonGzhotothσrmoσlσγtriγGoffσγtUG

64 TrαnsitionGwσtαlGxonTyxiπσsGαsGolσγtroγαtαlystsdGkπvαntαgσsGαnπGmhαllσngσsUGYYWYWZZ 4

63 wσtαlTprσσGmαrβonTlαsσπGxαnomαtσriαlsdGpuσlGmσllGkppliγαtionsGαsGolσγtroγαtαlystsUG2022SGaZTXZc
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62
xσwGnitrogσnTπopσπGgrαphitiγGγαrβonGnαnoshσσtsGwithGriγhGstruγturαlGπσfσγtsGαnπGhiσrαrγhiγαlG
nαnoporσsGαsGσffiγiσntGmσtαlTfrσσGσlσγtroγαtαlystsGforGoxygσnGrσπuγtionGrσαγtionGinGünTkirGβαttσriσsUG
2022SGY]cSGXXabX_

0

61 ³nvσilingGthσGnαnoαlloyingGmoπulαtionGonGhyπrogσnGσvolutionGαγtivityGofGruthσniumTβαsσπG
σlσγtroγαtαlystsGσnγαpsulαtσπGβyGlVxGγoTπopσπGgrαphitiγGnαnotuβσsUG2022SGZX_SGXYX_Y_ 0

60 GmαrβonGnαnostruγturσsGγontαiningGβoronGimpurityGαtomsdGsynthσsisSGphysiγoγhσmiγαlGpropσrtiσsG
αnπGpotσntiαlGαppliγαtionsUG2022SGbSGYZT[Y 0

59 zromotionGrolσGofGlGπopingGinGxSGlGγoTπopσπGhumiγGαγiπsTβαsσπGporousGγαrβonGforGσnhαnγingG
γαtαlytiγGpσrformαnγσGofGoxiπαtivσGπσhyπrogσnαtionGofGpropαnσGusingGmyYUG2022SGXZ]SGXab]TXbWY 0

58 wσtαlTfrσσGβoronGπopσπGgTmZx]GγαtαlystdGσffiγiσntGπopingGrσgulαtoryGstrαtσgyGforGphotoγαtαlytiγG
wαtσrGsplittingUG2022SGX][Xb_ 2

57 qrαphσnσTlαsσπGwαtσriαlsGforGolσγtroγαtαlysisUG2022SGY[]TYaZ

56 üspT_aTπσrivσπGmoVmGσmβσππσπGβoronGγαrβonitriπσGnαnotuβσsGforGσffiγiσntGσlσγtromαgnσtiγGwαvσG
αβsorptionUG2022SG[]WSGXZbWXX 2

55 xonthσrmαlGzlαsmαGTrσαtmσntGforGolσγtroγαtαlystsG truγturαlGαnπG urfαγσGonginσσringUGYYWWYZ] 1

54 onhαnγσπGstαβilityGofGnitrogσnGπopσπGporousGγαrβonGfiβσrGonGγαthoπσGmαtσriαlsGforGhighG
pσrformαnγσGlithiumâ��sulfurGβαttσriσsUG2022SGXYSGYYcc_TYZWW] 0

53 kπvαnγσsGinGsntσlligσntG—σgσnσrαtionGofGmαthoπσGwαtσriαlsGforG ustαinαβlσGvithiumTsonGlαttσriσsUGYYWX]Y_ 0

52  tαtσTofTthσTαrtGαnπGπσvσlopmσntαlGtrσnπsGinGplαtinumGgroupGmσtαlTfrσσGγαthoπσGγαtαlystGforGαnionG
σxγhαngσGmσmβrαnσGfuσlGγσllGOkowpmPUG2022SGXYXaZZ 2

51 TrαnsformαtionGofGγαrβonGπioxiπσSGαGgrσσnhousσGgαsSGintoGusσfulGγomponσntsGαnπGrσπuγingGgloβαlG
wαrmingdGkGγomprσhσnsivσGrσviσwUG 1

50 TuningGσlσγtronGπσloγαlizαtionGαnπGsurfαγσGαrσαGinGmypsGπσrivσπGxSGlGγoTπopσπGγαrβonGmαtσriαlsGforG
σffiγiσntGsσlσγtivσGhyπrogσnαtionGofGnitroαrσnσsUG2022SGXWaaaW

49 xitrogσnTπopσπGγαrβonGnαnotuβσsGfillσπGwithGpσZmGnαnowirσsGforGσffiγiσntGσlσγtroγαtαlytiγGoxygσnG
rσπuγtionUG2022SG_][SGXZWWc] 0

48 mαrβonTlαsσπGxαnomαtσriαlsGforGyxygσnGovolutionG—σαγtionUG2022SGX[aTX_a 0

47 nopingGσnginσσringdmoπulαtingGthσGintrinsiγGαγtivityGofGβifunγtionαlGγαrβonTβαsσπGoxygσnG
σlσγtroγαtαlystsGforGhighTpσrformαnγσGüinγTαirGβαttσriσsUG 1

46  trαtσgiγGπσsignGofGpσGαnπGxGγoTπopσπGhiσrαrγhiγαllyGporousGγαrβonGαsGsupσriorGy——GγαtαlystdGfromG
thσGpσrspσγtivσGofGnαnoαrγhitσγtoniγsUG2022SGXZSGXWbZ_TXWb[] 14

45 loronGπopingGpositivσlyGσnhαnγσsGthσGγαtαlytiγGαγtivityGofGγαrβonGmαtσriαlsGforGthσGrσmovαlGofG
βisphσnolGkUG2022SGXYSGYXabWTYXacY 0
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44 nopingGofGthσGwnGvαγαnγyGofGwnYlYGwithGαGsinglσGπiffσrσntGtrαnsitionGmσtαlGαtomGαsGthσG
πuαlTfunγtionGσlσγtroγαtαlystUG2022SGY[SGYWcbbTYWcca 1

43 mαrβonGnαnostruγturσsGγontαiningGβoronGimpurityGαtomsdGsynthσsisSGphysiγoγhσmiγαlGpropσrtiσsGαnπG
potσntiαlGαppliγαtionsUG2022SGY]SG_[TcX 0

42 kπvαnγσsGofGgrαphσnσTβαsσπGασrogσlsGαnπGthσirGmoπifiγαtionsGinGlithiumTsulfurGβαttσriσsUG2023SGYWXSG_acTaWY 0

41 —σviσwâ��rσtσroαtomTnopσπGrighGzorousGmαrβonGwσtαlGprσσGxαnomαtσriαlsGforGonσrgyG torαgσG
αnπGmonvσrsionUG2022SGXXSGWcXWW_ 0

40 TσrnαryGOxSGlSGpPTnopσπGlioγαrβonGnσrivσπGfromGlσαnG—σsiπuσsGαsGoffiγiσntGlifunγtionαlG
olσγtroγαtαlystsGforGyxygσnG—σπuγtionGαnπGovolutionG—σαγtionsUG2022SGX_cSGWc_]Xa 0

39 snsightsGintoGthσGσlσγtroγαtαlytiγGβσhαviorGofGnitrogσnGαnπGsulfurGγoTπopσπGγαrβonGnαnotuβσsG
towαrπGoxygσnGrσπuγtionGrσαγtionGinGαlkαlinσGmσπiαUG2022SG]aSGX_aZcTX_a][ 0

38 onhαnγingGlithiumTionGαnπGσlσγtriγGγonπuγtivσGviYpσ iy[GγαthoπσGthroughGinGsituGβoronTπopingGαnπG
γαrβonTγoαtingGstrαtσgyUG 1

37 righTpσrformαnγσGy——GmαtαlystGofGxTπopingGmαrβonTγoαtσπGmoβαltGxαnopαrtiγlσsG ynthσsizσπGβyG
nmGkrγGzlαsmαUG2022SGaSG 0

36 kGhyβriπGofGmoZy[GnαnopαrtiγlσsGγouplσπGwithGlSGmoVxTγoπopσπGmjl[mGαsGαnGσffiγiσntGβifunγtionαlG
γαtαlystGforGoxygσnGrσπuγtionGαnπGoxygσnGσvolutionGrσαγtionsUG2022SG 0

35 snG ituG ynthσsizσπGromoγhirαlG piroβorαtσGostσrGwσtαlTyrgαniγGprαmσworkGwithGwonoTSGniTSGαnπG
TrivαlσntGmαtionsUG 0

34 kGpαγilσG trαtσgyGofGzostTsmprσgnαtionGtoGpαβriγαtσGriσrαrγhiγαllyGzorousGmαrβonsUG 0

33 nσsignGofGyxygσnG—σπuγtionGmαtαlystsGinGzrimαryGüinγâ��kirGlαttσriσsUG2022SGZ]T_a 1

32 snTsituGhyπrothσrmαlGsynthσsisGofGximoOßP σGγompounπGonGniγkσlGfoαmGforGσffiγiσntGpσrformαnγσGofG
wαtσrGsplittingGrσαγtionGinGαlkαlinσGmσπiαUG2022SGcY_SGXX_cYc 0

31 woπifiγαtionGofGsiliγαGpαrtiγlσsGwithGpolyOphσnylβoroniγGαγiπPGβrushσsGforGfαβriγαtingGhollowG
mσsoporousGγαrβonGnαnosphσrσsUG 0

30 —σγσntGprogrσssGinGhσtσroαtomGπopσπGγαrβonGβαsσπGσlσγtroγαtαlystsGforGoxygσnGrσπuγtionGrσαγtionG
inGαnionGσxγhαngσGmσmβrαnσGfuσlGγσllsUG2022SG 0

29 kπvαnγσsGinGplαtinumTβαsσπGαnπGplαtinumTfrσσGoxygσnGrσπuγtionGrσαγtionGγαtαlystsGforGγαthoπσsGinG
πirσγtGmσthαnolGfuσlGγσllsUGXWSG 1

28 monπuγtivityTσnhαnγσπGporousGxVzGγoTπopσπGmσtαlTfrσσGγαrβonGsignifiγαntlyGσnhαnγσsGoxygσnG
rσπuγtionGkinσtiγsGforGαquσousVflσxiβlσGzinγTαirGβαttσriσsUG2023SG_ZZSG]WWT]XW 0

27 moTmoπifiσπGpolyoxovαnαπoβorαtσsGπσrivσπGmoVlxTmxTVVxGβαsσπGβifunγtionαlGσlσγtroγαtαlystsGforG
rσγhαrgσαβlσGzinγTαirGβαttσriσsUG2023SG_Z[SG_a]T_bZ 0
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26  trαtσgiσsGforGσnhαnγingGthσGγαtαlytiγGαγtivityGαnπGσlσγtroniγGγonπuγtivityGofGwypsTβαsσπG
σlσγtroγαtαlystsUG2023SG[abSGYX[c_c 1

25 rσtσroαtomsTnopσπGmαrβonGxαnotuβσsGforGonσrgyGkppliγαtionsUG2022SG[b]T]YZ 0

24  ynthσsisGofGrσtσropolyγyγliγGkromαtiγGryπroγαrβonsGThroughGnirσγtσπGmirGpunγtionαlizαtionUGXTYZ 0

23 xitrogσnGinγlusionGinGγαrβonGnαnotuβσsGinitiαtσπGβyGβoronGπopingGαnπGγhlorinαtiondGThσirGusσGαsG
σlσγtroγαtαlystsGforGoxygσnGrσπuγtionGrσαγtionUGcSG 0

22 mαrβonGnαnotuβσsGsupportσπGoxygσnGrσπuγtionGrσαγtionGγαtαlystsdGrolσGofGinnσrGtuβσsUG2023SG_SG 1

21 wσtαlTprσσGwolσγulαrGmαtαlystsGforGthσGyxygσnG—σπuγtionG—σαγtiondGolσγtronGkffinityGαsGαnGkγtivityG
nσsγriptorUG[a_T[bW 0

20  ynthσtiγGporousGγαrβonsGforGγlσαnGσnσrgyGstorαgσGαnπGγonvσrsionUG2023SGXWWWcc 0

19 pσTTrimσsiγGkγiπVwσlαminσGqσlTnσrivσπGpσVxTnopσπGmαrβonGxαnotuβσsGαsGmαtαlystGofG
zσroxymonosulfαtσGtoG—σmovσG ulfαmσthαzinσUG2023SGX]SGZbX 0

18 y——GmαtαlystsGnσrivσπGfromGliopolymσrsUG2023SGXZSGbW 0

17 —σγσntGzrogrσssGofGxonTztGmαtαlystsGforGyxygσnG—σπuγtionG—σαγtionGinGpuσlGmσllsUG2023SGXXSGZ_X 0

16 —σγσntGprogrσssGinGhσtσroαtomGπopingGtoGmoπulαtσGthσGγoorπinαtionGσnvironmσntGofGwâ��xâ��mG
γαtαlystsGforGthσGoxygσnGrσπuγtionGrσαγtionUG 0

15 lαmβooGfiβσrTπσrivσπGβifunγtionαlGσlσγtroγαtαlystGforGrσγhαrgσαβlσGünTGkirGβαttσriσsUG 0

14 wαnipulαtingGσlσγtronGrσπistriβutionGofGαγtivσGsitσsGβyGinGsituGσnginσσringGlT TVGβonπGinGV YGγαtαlystG
forGstαβlσGnitrogσnGfixαtionUG2023SG[_ZSGX[YZb[ 0

13 ³nifyingGthσGoriginGofGγαtαlytiγGαγtivitiσsGforGγαrβonTβαsσπGmσtαlTfrσσGσlσγtroγαtαlystsUG2023SG[XbSGXX[XYc 0

12 myYTπσrivσπGσπgσTβoronTπopσπGhiσrαrγhiγαlGporousGγαrβonGγαtαlystsGforGhighlyGσffσγtivσG
σlσγtroγhσmiγαlGrYyYGproπuγtionUG2023SGZYcSGXYY]]a 0

11 xTπopingGγαrβonTγoαtσπGmujmOxPGnαnoγαpsulσsGsynthσsizσπGβyGαrγGplαsmαGtowαrπG
highTpσrformαnγσGy——GσlσγtroγαtαlystUG2023SGc[bSGX_caZc 0

10 righlyGkγtivσGzorousGmαrβonT upportσπGmoxiGlimσtαlliγGmαtαlystsGforGpourTolσγtronG—σπuγtionGofG
yxygσnUG2023SGZaSG[WY_T[WZa 0

9 kpproαγhσsGtoGγonstruγtGhighTpσrformαnγσGwgâ��αirGβαttσriσsdGfromGmσγhαnismGtoGmαtσriαlsGπσsignUG
2023SGXXSGacY[Tac[b 0
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8 —σvolutionizingGpuσlGmσllGoffiγiσnγyGwithGxonTwσtαlliγGmαtαlystsGforGyxygσnG—σπuγtionG—σαγtionsUGcSG[cT]c 0

7 pαγilσTprσpαrσπGpσVwnGγoTπopσπGβioγhαrGisGαnGσffiγiσntGγαtαlystGforGmσπiαtingGthσGπσgrαπαtionGofG
αquσousGiβuprofσnGviαGγαtαlytiγGozonαtionUG2023SG[_XSGX[YWYb 0

6  ynthσsisGofGloronTnopσπGmαrβonGxαnomαtσriαlUG2023SGX_SGXcb_ 1

5 zyrolyzσπGγoβαltGhσxαγyαnoγoβαltαtσGπispσrsσπGonGrσπuγσπTgrαphσnσToxiπσGαsGαnGσlσγtroγαtαlystG
ofGthσGoxygσnGrσπuγtionGrσαγtionGinGαnGαlkαlinσGmσπiumUG2023SGXXSGaYb_TaYcb 0

4 snfluσnγσGofGxitrogσnGnopingGintoGmαrβonGonGthσGkγtivαtionGlαrriσrGofGy——GinGklkαlinσGwσπiumdGknG
snvσstigαtionGlαsσπGonGoyringGknαlysisUG2023SGZcSG[Z]XT[Z_X 0

3 YnGγαrβonGnσtworkGαrrαngσπGintoGhighTorπσrGZnGnαnotuβσGαrrαysGonGαGflσxiβlσGmiγroσlσγtroπσdG
intσgrαtionGintoGσlσγtroγhσmiγαlGmiγroβiosσnsorGπσviγσsGforGγαnγσrGπσtσγtionUG2023SGX]SG 0

2 onhαnγσπGformiγGαγiπGoxiπαtionGwithGzπGnαnopαrtiγlσsGπσpositσπGonGβoronTπopσπGgrαphσnσdGkG
γomprσhσnsivσGσlσγtroγhσmiγαlGαnπGspσγtrosγopiγGinvσstigαtionUG2023SGXbSGXWWX]_ 0

1 sntrinsiγGmαrβonG truγturαlGsmpσrfσγtionsGforGonhαnγingGonσrgyGmonvσrsionGolσγtroγαtαlystsUG2023SGX[ZW_W 0
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