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s₄·´А−₂₄é₂А₂ä−°₄éЕPD°⁹dD´°⁶₂−i⁸·А−ЕDsАБdЕRD2021PD 0

130
p⁹А·−°´Аi₂⁹D₂ßD°DUPWQki´°−²₂⁹Е⁶D{₂Дi⁹DГiАéDyБLppMQiii⁸id°З₂⁶·Dj₂⁸₄⁶·Д·sDß₂−DsБ⁸i⁹·s´·⁹´·Dz·⁹si⁹äaD
hDz₄·´А−₂s´₂₄i´D°⁹dDwé₂А₂´é·⁸i´°⁶DlД₄·−i⁸·⁹А°⁶DzАБdЕDy°Аi₂⁹°⁶iЗ·dD²ЕD{i⁸·Qk·₄·⁹d·⁹АDk·⁹siАЕD
mБ⁹´Аi₂⁹°⁶D{é·₂−ЕDj°⁶´Б⁶°Аi₂⁹sRRD2021PD

1

129 zА−Б´АБ−°⁶Dp⁹siäéАDi⁹А₂Dj₂⁸₄⁶·Д°Аi₂⁹Dh²i⁶iАЕD°⁹dDj₂₂−di⁹°Аi₂⁹D₂ßD}−°⁹Е⁶DuiА−°А·D²ЕD
UPUTQwé·⁹°⁹Аé−₂⁶i⁹·QVP_Qdi°⁸id·sRRD2021PD 5

128 {Б⁹i⁹äDy·´·₄А₂−Dw−₂₄·−Аi·sD₂ßDt·А°⁶Qh⁸Е⁶₂idDi·А°Dj₂⁸₄⁶·Д·sRDzАБdi·sD₂⁹DАé·Dp⁹А·−°´Аi₂⁹D²·АГ··⁹D
uiLppMQh˛†D°⁹dDwé₂s₄é°А·sSuБ´⁶·₂Аid·sRD2021PD 0

127 t·А°⁶Dj₂₂−di⁹°Аi₂⁹Dw−₂₄·−Аi·sD₂ßD°Djé−₂⁸₂₄é₂−i´Dk·sß·−−i₂Д°⁸i⁹·DLkmvMDk·−iВ°АiВ·aDp⁹siäéАD₂⁹DАé·D
j₂₂−di⁹°Аi₂⁹DzА₂i´éi₂⁸·А−ЕD°⁹dD{é·−⁸₂dЕ⁹°⁸i´DzА°²i⁶iАЕD₂ßD’−Dj₂⁸₄⁶·Д·sRRD2021PDV[PD 0

126 hDj₂⁸₄°−°АiВ·DzАБdЕD₂⁹Dui´⁴·⁶Dii⁹di⁹äDА₂Do₄⁹Q⁶i⁴·Dw₂⁶Е₄·₄Аid·sDß−₂⁸D{Г₂DzА−°i⁹sRRD2021PDVVPD 0

125 u°⁹₂siЗ·dDtypDj₂⁹А−°sАDhä·⁹АDi°s·dD₂⁹D°Dw₂⁶Е°⁸id₂°⁸i⁹·D°sDtБ⁶Аid·⁹А°А·DndDsiä°⁹dRRD2021PDV[PD

124 jéi−°⁶iАЕDp⁹dБ´Аi₂⁹Di⁹D°DoЕd−₂₄éi⁶i´Dt·А°⁶⁶₂é·⁶i´°А·RRD2022PD

123 w−₂²i⁹äDАé·Dkißß·−·⁹´·Di⁹DАé·Dj₂⁸₄⁶·Д°Аi₂⁹D₂ßD{−iВ°⁶·⁹АDh´Аi⁹id·sD°⁹dDs°⁹Аé°⁹id·sDГiАéD°D
{−id·⁹А°А·DuPvQoЕ²−idDsiä°⁹daDz₄·´А−₂s´₂₄ЕPD{é·−⁸₂dЕ⁹°⁸i´sPD°⁹dDj₂₂−di⁹°Аi₂⁹Dt₂d·sRRD2022PD

122 zА−Б´АБ−·Q²°s·dDd·siä⁹D₂ßD⁹₂В·⁶Dd₂⁹·₄·Зi⁶Q⁶i⁴·DéЕ²−idsDß₂−D°D⁸Б⁶АiQА°−ä·АD°₄₄−₂°´éDА₂DАé·DАé·−°₄ЕD
₂ßDh⁶Зé·i⁸·−KsDdis·°s·RRD2022PDVW[PDUUXWY] 0

121 k°А° zé··А URd₂´ДRD2019PD

120 n⁶Е₄é₂s°А·Ds·⁹si⁹äDi⁹D°qБ·₂БsDs₂⁶БАi₂⁹sD²ЕDß⁶Б₂−·s´·⁹АDЗi⁹´LppMD´₂⁸₄⁶·Д·sD₂ßD“_–°⁹·uWQ²°s·dD
−·´·₄А₂−sRD 1

119 lßßi´i·⁹АDz·₄°−°Аi₂⁹D₂ßDh⁸·−i´iБ⁸Dß−₂⁸Ds°⁹Аé°⁹id·D²ЕD°D{°s⁴Qz₄·´ißi´Dp₂⁹i´DsiqБidDk·´₂−°А·dDГiАéD
VPZQiisQ{−i°З₂⁶Е⁶QwЕ−idi⁹·Dt₂i·АЕRD

118 m⁶Б₂−id·Qz·⁶·´АiВ·Djé·⁸₂s·⁹s₂−Di°s·dD₂⁹D°⁹Dh⁹i₂⁹Dp⁸₄−i⁹А·dDm⁶Б₂−·s´·⁹АDw₂⁶Е⁸·−RD

117 lД₄·−i⁸·⁹А°⁶D°⁹dDt₂⁶·´Б⁶°−Dt₂d·⁶i⁹äDzАБdi·sD₂⁹DАé·Dj₂⁸₄⁶·Д°Аi₂⁹D₂ßDjé−₂⁸iБ⁸LpppMDГiАéDАé·D
h⁹äi₂А·⁹si⁹Qj₂⁹В·−Аi⁹äDl⁹ЗЕ⁸·Dp⁹éi²iА₂−Dj°₄А₂₄−i⁶RRD2022PD[PDUY_T_QUY_U]

116 UQoЕd−₂ДЕQVLUMQ₄Е−idi⁹₂⁹·Qi°s·dDjé·⁶°А₂−sDГiАéDw₂А·⁹Аi°⁶Dj°А·´é₂⁶DQt·АéЕ⁶D{−°⁹sß·−°s·Dp⁹éi²iАi₂⁹D
°⁹dDu·Б−₂−·s´Б·DkБ°⁶Dh´Аi₂⁹D°ä°i⁹sАDw°−⁴i⁹s₂⁹KsDkis·°s·RRD2022PDV[PD

115 zАБdЕD₂ßDАé·D´₂⁸₄⁶·Д°Аi₂⁹D−·°´Аi₂⁹D²·АГ··⁹DsБ²АiАБА·dD
ZPZfQ²isLdi₄é·⁹Е⁶₄é₂s₄éi⁹₂Е⁶MQVPVfQ²i₄Е−idЕ⁶sD°⁹dD⁶°⁹Аé°⁹Б⁸Di₂⁹sRD2022PD
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114 u₂В·⁶DoЕ²−idDi·⁹З₂°З°´−₂Г⁹Dsiä°⁹dD°sD°Djé·⁶°А₂−Dß₂−Dj₂₄₄·−D°⁹dDs·°dDj°Аi₂⁹saD†é°АDkißß·−·⁹´·D
k₂·sDwЕ−idi⁹·Dt°⁴·RD2022PDV[PDWUUY 0

113 j°Аi₂⁹i´D´é−₂⁸iБ⁸DБ−·°D´₂⁸₄⁶·ДD°sD₄₂А·⁹Аi°⁶D°⁹i₂⁹D²i⁹d·−Dß₂−D⁹iА−₂DsБ²sАiАБА·dQ₄é·⁹₂⁶°А·sRD2022PD
UVZXPDUWWU]Y

112 w₂⁶Е°⁸i⁹·D−·´·₄А₂−sD´₂⁹А°i⁹i⁹äD°⁹Аé−°´·⁹·D°sDß⁶Б₂−·s´·⁹АD₄−₂²·sDß₂−D⁴·А₂₄−₂ß·⁹Di⁹DoVvSlАvoD
s₂⁶БАi₂⁹RRD 1

111 lqБi⁶i²−iБ⁸DzАБdi·sD₂ßDp−₂⁹DLpppMDj₂⁸₄⁶·Д·sDГiАéDliАé·−DwЕ−°Зi⁹·PDxБi⁹₂Д°⁶i⁹·PD₂−Dwé·⁹°Зi⁹·D°⁹dD
{é·i−Dj°А·´é₂⁶°s·Dh´АiВiАЕDi⁹Dt·Аé°⁹₂⁶RD2022PDV[PDWVY[ 2

110 w−₂А₂⁹Q{−°⁹sß·−Dy·°´Аi₂⁹sD₂ßDy·LpiMQuiА−₂sЕ⁶Dj₂⁸₄⁶·Д·saDw₂А·⁹Аi₂⁸·А−i´DzАБdi·sPDkßАD°⁹dD{dQkßАD
j°⁶´Б⁶°Аi₂⁹sRD

109 l⁹é°⁹´·dD⁶Б⁸i⁹·s´·⁹´·D₂ßDА−isL´°−²₂ДЕ⁶°А₂MБ−°⁹Е⁶L…pMD´₂⁸₄⁶·Д·sD°⁹dD·⁹·−äЕDА−°⁹sß·−DА₂DlБLpppMaDhD
´₂⁸²i⁹·dDs₄·´А−₂s´₂₄i´D°⁹dDАé·₂−·Аi´°⁶Di⁹В·sАiä°Аi₂⁹RD 1

108 h⁹i₂⁹Dii⁹di⁹äD²ЕDm⁶Б₂−·s´·⁹АD}−·id₂Qo·Д°é₂⁸₂А−i₂Д°´°⁶iД“W–°−·⁹·Dy·´·₄А₂−saDh⁹DutyPDh²s₂−₄Аi₂⁹D
°⁹dDl⁸issi₂⁹Dz₄·´А−₂s´₂₄i´DzАБdЕRD2022PDV[PDWVX[ 1

107 {₂Г°−dDi⁹Dzi⁶i´₂Dt₂d·⁶i⁹äD₂ßDkЕ⁹°⁸i´Dj₂⁸²i⁹°А₂−i°⁶Dsi²−°−i·sRD

106 pd·⁹АißЕi⁹äDАé·Dtissi⁹äDw−₂А₂⁹°А·dDj₂⁸₄⁶·ДDz₄·´i·sD°⁹dDy·ВisiАi⁹äDАé·DvВ·−·sАi⁸°А·dDzА°²i⁶iАЕD
j₂⁹sА°⁹АsD₂ßD{Г₂Dr⁹₂Г⁹Dj₂⁸₄⁶·Д·sD₂ßD}−°⁹Е⁶L…pMDГiАéDki₄i´₂⁶i⁹i´Dh´idRD 0

105 z₄·´ißi´D’⁹LppMD²i⁹di⁹äDsiА·Di⁹DАé·DjQА·−⁸i⁹БsD₂ßDhs₄ßVPD°DЗi⁹´₂₄é₂−·Dß−₂⁸Dhs₄·−äi⁶⁶БsDßБ⁸iä°АБsRD 0

104 h⁹i₂⁹D²i⁹di⁹äD²ЕD−·´·₄А₂−sD´₂⁹А°i⁹i⁹äDuoDd₂⁹°Аi⁹äDä−₂Б₄sDâНоD†é°АDd₂D°⁹i₂⁹sD₄−·ß·−fRD2022PDUWV][Y 0

103 oV°⁸₄°Q…·−s°Аi⁶·Djé·⁶°А₂−Dß₂−D“VTWw²–w²VOPD“VUWii–iiWOPD°⁹dD“VVYh´–h´WORD2022PDZUPD_UU_Q_UW[ 1

102 jé·⁸i´°⁶Ds₄·´i°Аi₂⁹PD°⁹Аi₂Дid°⁹АD°´АiВiАЕD°⁹dD⁸₂⁶·´Б⁶°−Dd₂´⁴i⁹äD₂ßD´₂₄₄·−LppMD´₂⁸₄⁶·Д·sDГiАéD
₄Е−idi⁹·di´°−²₂ДЕ⁶i´D°´idsD°⁹dDdißß·−·⁹АD⁶iä°⁹dsD₂ßD⁶₂ГD⁸₂⁶·´Б⁶°−D⁸°ssRDUQVU

101 w−₂А₂⁹°Аi₂⁹D₂ßDwé₂s₄é₂⁹₂´°−²₂ДЕ⁶°А·sDi⁹DhqБ·₂БsDt·diБ⁸aDh⁹DlД₄·−i⁸·⁹А°⁶D°⁹dD{é·₂−·Аi´°⁶D
p⁹В·sАiä°Аi₂⁹RD 1

100 j₂₂−di⁹°Аi₂⁹Dw−₂₄·−Аi·sD₂ßDАé·D’i⁹´Dk₂⁸°i⁹sD₂ßDiiäyXD°⁹dDz⁸АiDw−₂А·i⁹sDi⁹Dui´⁴·⁶D
zЕsА·⁸sQk·siä⁹°Аi₂⁹D₂ßDr·ЕDk₂⁹₂−sRD 0

99 h⁹i₂⁹Qz·⁹si⁹äDw−₂₄·−Аi·sD₂ßDjЕ´⁶₂₄·⁹А°₄é·⁹Е⁶°⁶°⁹i⁹·RD2022PDV[PDW_U]

98 hDoiäé⁶ЕD†°А·−QD°⁹dDhi−QzА°²⁶·Dp−₂⁹Qj₂⁹А°i⁹i⁹äDtypDj₂⁹А−°sАDhä·⁹АDz·⁹s₂−Dß₂−DoDVDvDVRD

97 lВ°⁶Б°Аi₂⁹D₂ßDАé·Dlßß·´АD₂ßDt°´−₂´Е´⁶i´Dyi⁹äDziЗ·D₂⁹D“VTWw²–w²LppMDj₂⁸₄⁶·ДDzА°²i⁶iАЕDi⁹D
wЕ−idЕ⁶Qj₂⁹А°i⁹i⁹äDjé·⁶°А₂−sRD 0
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96 zЕ⁹Аé·sisPD´−ЕsА°⁶DsА−Б´АБ−·D°⁹dDd·А·−⁸i⁹°Аi₂⁹D₂ßDАé·D₄rD°DВ°⁶Б·D₂ßD
VPZQdi⁸·Аé₂ДЕ´Е´⁶₂é·Д°QVPYQdi·⁹·QUPXQdi₂⁹·DUQ“VQLqБi⁹₂⁶i⁹Q]QЕ⁶MéЕd−°З₂⁹·–RD2022PD[]PD

95 w₂А·⁹Аi₂⁸·А−i´D°⁹dDs₄·´А−₂s´₂₄i´DsАБdi·sD₂ßDАé·D´₂⁸₄⁶·ДDß₂−⁸°Аi₂⁹Di⁹DАé·DZQ⁸·АéЕ⁶QVQАéi₂Б−°´i⁶D
°⁹dD´₂₄₄·−LiiMDi₂⁹DsЕsА·⁸RDPolyhedronPD2022PDVVWPDUUY_ZX 2.7

94 VQt·АéЕ⁶₄Е−−₂⁶idi⁹·Dd·−iВ·dDUPUTQ₄é·⁹°⁹Аé−₂⁶i⁹·QVP_Qdi°⁸id·saD₄−₂⁸isi⁹äD·ДА−°´А°⁹АsDß₂−D
h⁸LiiiMSs⁹LiiiMDs·₄°−°Аi₂⁹RD 3

93 zЕ⁹Аé·sisD°⁹dDsА−Б´АБ−°⁶D°⁹°⁶ЕsisD₂ßD₄БséQ₄Б⁶⁶Di⁸id°З₂⁶·QА−i°З₂⁶·D²°s·dDß⁶Б₂−·s´·⁹АD²ißБ⁹´Аi₂⁹°⁶D
´é·⁸₂s·⁹s₂−Dß₂−DjБVOD°⁹dDm·VODd·А·´Аi₂⁹RD2022PDUUTYW_ 1

92 jБ−´Б⁸i⁹Qi°s·dD˛†Qki⁴·А₂Dsiä°⁹dsDß₂−Dn°WOaD{é·−⁸₂dЕ⁹°⁸i´Dp⁹В·sАiä°Аi₂⁹D₂ßDw₂А·⁹Аi°⁶Dt·А°⁶Qi°s·dD
k−БäsRD2022PDUYPD]YX 0

91 z·₄°−°Аi₂⁹D₂ßDh⁸·−i´iБ⁸Dß−₂⁸Ds°⁹Аé°⁹id·D²ЕD°D{°s⁴Qz₄·´ißi´Dp₂⁹i´DsiqБidDk·´₂−°А·dDГiАéD
VPZQiisQ{−i°З₂⁶Е⁶QwЕ−idi⁹·Dt₂i·АЕRDSeparation and Purification TechnologyPD2022PDUVU[YV 8.3 0

90 m⁶Б₂−id·Qs·⁶·´АiВ·D´é·⁸₂s·⁹s₂−D²°s·dD₂⁹D°⁹D°⁹i₂⁹Di⁸₄−i⁹А·dDß⁶Б₂−·s´·⁹АD₄₂⁶Е⁸·−RDPolyhedronPD
2022PDVVYPDUUZTWW 2.7

89 lД₄⁶₂−i⁹äDzА−Б´АБ−·âНоw−₂₄·−АЕDy·⁶°Аi₂⁹sD₂ßDiPzQk₂₄·dDw₂⁶Е´Е´⁶i´Dh−₂⁸°Аi´DoЕd−₂´°−²₂⁹sDАé−₂БäéD
Аé·D{−i⁹iАЕD₂ßDzЕ⁹Аé·sisPDz₄·´А−₂s´₂₄ЕPD°⁹dD{é·₂−ЕRDJournal of the American Chemical SocietyPD 16.4 1

88 w−₂А₂⁹QА−°⁹sß·−D−·°´Аi₂⁹sD₂ßDy·LppMQ⁹iА−₂sЕ⁶D´₂⁸₄⁶·Д·saDw₂А·⁹Аi₂⁸·А−i´DsАБdi·sPDkm{D°⁹dD{kQkm{D
´°⁶´Б⁶°Аi₂⁹sRDResults in ChemistryPD2022PDUTTXYY 2.1 1

87 ii´Е´⁶₂₄·₄Аid·saD°D⁹·ГD´⁶°ssD₂ßD⁶iä°⁹dsDß₂−DjБLiiMDi₂⁹sRD

86 hDsiäéАQy·s₄₂⁹siВ·PDoiäé⁶ЕDz·⁹siАiВ·Dw−₂²·DА₂Dw·−´·iВ·Dt·−´Б−i´Dp₂⁹sD}si⁹äDm⁶Б₂−·s´·⁹´·PD
j₂⁶₂−i⁸·А−i´D°⁹dDl⁶·´А−₂´é·⁸i´°⁶D{·´é⁹iqБ·sDi⁹D†°А·−D°sD†·⁶⁶D°sDi⁹Dii₂⁶₂äi´°⁶Dz°⁸₄⁶·sRD

85 p⁹А·−⁶iä°⁹dDjé°−ä·Q{−°⁹sß·−Dw−₂´·ss·sDi⁹D’i⁹´Dj₂⁸₄⁶·Д·sRD2022PDXPD[U[Q[WX

84 y·ä−··⁹i⁹äD₄−₂₄·−Аi·sD₂ßDАé·Ds₂i⁶Ds⁶₂ГQ⁸₂²i⁶·DoV²₄´dSm·WOD´₂⁸₄⁶·ДaDzА·₄sDß₂−Г°−dDА₂DАé·D
d·В·⁶₂₄⁸·⁹АD₂ßD°D⁹·ГD·⁹Вi−₂⁹⁸·⁹А°⁶⁶ЕDß−i·⁹d⁶ЕDm·Dß·−Аi⁶iЗ·−RDUWPD

83 jé·⁶°Аi⁹äDy°−·Ql°−АéDt·А°⁶sDLs⁹WOMD°⁹dDVVYh´WODГiАéDАé·DkБ°⁶QziЗ·Qz·⁶·´АiВ·Dt°´−₂´Е´⁶i´Dsiä°⁹dD
wЕVQt°´−₂di₄°RD2022PDZUPDUV]X[QUV]YY 1

82 h⁸i⁹₂qБi⁹₂Д°⁶i⁹·Qi°s·dDkБ°⁶Dj₂⁶₂−i⁸·А−i´D°⁹dDm⁶Б₂−·s´·⁹АDz·⁹s₂−sDß₂−D₄oDt·°sБ−·⁸·⁹АDi⁹D
hqБ·₂БsDt·di°RD2022PDUTPDWXV 1

81
t°⁹äiß·−i⁹S˛†Q´Е´⁶₂d·ДА−i⁹D´₂⁸₄⁶·ДaDd·А·−⁸i⁹°Аi₂⁹D₂ßDАé·Dp⁹´⁶Бsi₂⁹D´₂⁹sА°⁹АDi⁹D°qБ·₂БsDs₂⁶БАi₂⁹D²ЕD
oiäБ´éiâНоj₂⁹⁹₂−sD⁸·Аé₂dD°⁹dD⁸₂⁶·´Б⁶°−D°²s₂−₄Аi₂⁹D°⁹dD₄é₂А₂⁶Б⁸i⁹·s´·⁹´·D}…Ds₄·´А−₂s´₂₄i·sD°АD
₄oDWRXRD

0

80 y·´₂ä⁹iАi₂⁹D₂ßDo·°ВЕDt·А°⁶sD²ЕD}si⁹äDy·s₂−´i⁹“X–°−·⁹·sDz₂⁶Б²⁶·Di⁹D†°А·−RD2022PDUTPDXZU 0

79 p⁹А·−°´Аi₂⁹D₂ßDАé·Dl⁸·−äi⁹äDtЕ´₂А₂Дi⁹sDi·°БВ·−i´i⁹PDjЕ´⁶₂₄i°З₂⁹i´Dh´idPD°⁹dDzА·−iä⁸°А₂´ЕsАi⁹DГiАéD
oБ⁸°⁹Dz·−Б⁸Dh⁶²Б⁸i⁹RD2022PDUVPDUUTZ 2
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78 lßß·´АD₂ßD’⁹LppMD₂⁹D₄−°⁸⁶i⁹Аid·aDsА−Б´АБ−°⁶D⁴i⁹⁴PDßi²−i⁶Dß₂−⁸°Аi₂⁹PD°⁹АißБ⁹ä°⁶D°´АiВiАЕRD

77 YYSYVt⁹VODj₂⁸₄⁶·Д·sDГiАéD°Diis₄idi⁹·Qwé₂s₄é₂⁹°А·Dsiä°⁹daDoiäéDri⁹·Аi´Dp⁹·−А⁹·ssDß₂−Dp⁸°äi⁹äD
h₄₄⁶i´°Аi₂⁹sRD 1

76 hDzА−Б´АБ−·Qhd°₄АiВ·Dsiä°⁹daD{é·Dj₂⁹ß₂−⁸°Аi₂⁹Djé°⁹ä·sDА₂DmiАDГiАéDАé·Ds·⁹äАésD°⁹dDh⁹ä⁶·sD₂ßD
{·А−°В°⁶·⁹АDiisQw°−°qБ°АDnБ·sАsRD
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