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n Paper IF Citations

824 zi−roβmulsionVnssistβαH“ynthβsisHoγH{₆nosizβαHyilznl}H“pinβlHp₆thoαβsHγorHuiδhV’₆tβHyithiumVvonH
o₆ttβriβsWH2014UHdfUHnX₆VnX₆

823 vnγluβn−βHoγHpuHv₆−₆n−yHonHknitH−oirHm₆tHstru−turβαHpu“H₆sH−ountβrHβlβ−troαβHγorHqu₆ntumHαotH
sβnsitizβαHsol₆rH−βllsWH2014UHcUHZfdY[Vf 61

822 uiβr₆r−hi−₆lUHporousHpu“Hmi−rosphβrβsHintβδr₆tβαHwithH−₆r₈onHn₆notu₈βsHγorHhiδhVpβrγorm₆n−βH
supβr−₆p₆−itorsWH2015UHbUHZcbea 62

821 †ushinδH–pHyithiumH“tor₆δβHthrouδhH{₆nostru−turβαH†oly₆z₆₆−βnβHnn₆loδuβsH₆sHnnoαβWH2015UHZ[dUHdac[Vdacc38

820 s₆−ilβH“ynthβsisHoγHuβx₆δon₆lH{ipo[}aH{₆nopl₆tβsH₆sHuiδhV†βrγorm₆n−βHnnoαβHz₆tβri₆lHγorHyiVvonH
o₆ttβriβsWH2015UH]cUH[]]YV[]]c 14

819 zβsoporousHz₆nδ₆nβsβH“ulγiαβH“phβrβsHnn−horβαHonHtr₆phβnβH“hββtsH₆sHuiδhVp₆p₆−ityH₆nαH
yonδVyiγβHnnoαβHz₆tβri₆lsHγorHyithiumVvonHo₆ttβriβsWH2015UH[UHZ]ZaVZ][Y 27

818 “ynthβsisH₆nαHph₆r₆−tβriz₆tionHoγH˛–V´›{izo}aH{₆noroαsHγorH“upβr−₆p₆−itorH´›nppli−₆tionWH2015UH
[YZbUH]cfaV]cff 72

817 }nβVstβpHstr₆tβδyHtoH₆HthrββVαimβnsion₆lH{i“Vrβαu−βαHδr₆phβnβHoxiαβHhy₈riαHn₆nostru−turβHγorH
hiδhHpβrγorm₆n−βHsupβr−₆p₆−itorsWH2015UHbUH[]Yd]V[]Ydf 71

816 {i]“[mpo“H−orβVshβllHn₆noVtri₆nδul₆rHpyr₆miαH₆rr₆ysHonH{iHγo₆mHγorHhiδhVpβrγorm₆n−βH
supβr−₆p₆−itorsWH2015UHZdUHZca]aVa[ 133

815 pVv}†X{i}X{id“c−ompositβHwithHthβHinvβrsβHop₆lHl₆tti−βH₆sH₆nHβlβ−troαβHγorHsupβr−₆p₆−itorsWH2015UH 1

814 polloiα₆lHsynthβsisHoγHm₆r−₆sitβHsβ“[Hn₆nop₆rti−lβsHwithHimprovβαHβlβ−tro−hβmi−₆lHpβrγorm₆n−βWH
2015UHbUHfefcdVfefdY 22

813 “urγ₆−βH’β₆−tivityHoγH₆Hp₆r₈on₆−βousHp₆thoαβHinH₆HyithiumH”riγl₆tβXrthβrHrlβ−trolytβVo₆sβαHyiV}[H
pβllWH2015UHdUH[ZdbZVc[ 26

812 {i“HhollowHsphβrβsHγorHhiδhVpβrγorm₆n−βHsupβr−₆p₆−itorsH₆nαHnonVβnzym₆ti−Hδlu−osβHsβnsorsWH2015
UHZYUHcdfVec 77

811 {iYW]ZpoYWcf“[Hn₆nop₆rti−lβsHuniγormlyH₆n−horβαHonH₆HporousHrβαu−βαHδr₆phβnβHoxiαβHγr₆mβworkH
γorH₆HhiδhVpβrγorm₆n−βHnonVβnzym₆ti−Hδlu−osβHsβnsorWH2015UH]UHaf[[Vaf]Y 49

810 “oαiumHionHstor₆δβHpropβrtiβsHoγH “â��Vαβ−or₆tβαHthrββVαimβnsion₆lHrβαu−βαHδr₆phβnβHoxiαβH
mi−rosphβrβsWHNanoscaleUH2015UHdUH]fcbVdY 7.7 119

809 “ynβrδβti−H−omposition₆lH₆nαHmorpholoδi−₆lHβγγβ−tsHγorHimprovβαH{₆THstor₆δβHpropβrtiβsHoγH
{iâ��poâ��“â��Vrβαu−βαHδr₆phβnβHoxiαβH−ompositβHpowαβrsWHNanoscaleUH2015UHdUHc[]YVd 7.7 53

808 †orousHhβx₆δon₆lH−o₈₆ltHoxyhyαroxiαβHshββtsHwithH₆tt₆−hβαHni−kβlHhyαroxiαβHn₆nop₆rti−lβsH₆sH
βlβ−troαβHm₆tβri₆lsHγorHβlβ−tro−hβmi−₆lHsupβr−₆p₆−itorsWH2015UHbUHZbcdaVZbceZ 6
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807 ’β−βntH₆αv₆n−βsHonHmultiV−omponβntHhy₈riαHn₆nostru−turβsHγorHβlβ−tro−hβmi−₆lH−₆p₆−itorsWH2015UH
[faUH]ZVbY 94

806 “inδlβHl₆yβrsHoγH “[Hn₆nopl₆tβsHβm₈βααβαHinHnitroδβnVαopβαH−₆r₈onHn₆noγi₈βrsH₆sH₆noαβH
m₆tβri₆lsHγorHlithiumVionH₈₆ttβriβsWHNanoscaleUH2015UHdUHZZfabVbY 7.7 83

805 —₆n₆αiumV₈₆sβαHn₆nostru−turβHm₆tβri₆lsHγorHsβ−onα₆ryHlithiumH₈₆ttβryH₆ppli−₆tionsWHNanoscaleUH
2015UHdUHZabfbVcYd 7.7 82

804 s₆r₆αi−HrβαoxH₆−tivβHm₆tβri₆lHoγHpud“aHn₆nowirβsHwithH₆HhiδhH−onαu−t₆n−βHγorHγlβxi₈lβHsoliαHst₆tβH
supβr−₆p₆−itorsWHNanoscaleUH2015UHdUHZ]cZYVe 7.7 95

803 —βrti−₆llyHoriβntβαH{i]“[X’t}X{i]“[Hn₆noshββtsHonH{iHγo₆mHγorHsupβriorHsupβr−₆p₆−itorsWH2015UHbUHc]b[eVc]b]c35

802 uiδhH−₆p₆−ityH₆nαHβx−βption₆lH−y−linδHst₆₈ilityHoγHtβrn₆ryHmβt₆lHsulγiαβHn₆noroαsH₆sHyiHionH₈₆ttβryH
₆noαβsWH2015UHbZUHZ]]bYV] 64

801 ”hrββVαimβnsion₆lVnβtworkβαH{ipo[“aHn₆noshββtH₆rr₆yX−₆r₈onH−lothH₆noαβsHγorHhiδhVpβrγorm₆n−βH
lithiumVionH₈₆ttβriβsWH2015UHdUHβZfbVβZfb 147

800 vnsiδhtHintoHstru−tur₆lUHβl₆sti−UHphononUH₆nαHthβrmoαyn₆mi−HpropβrtiβsHoγH˛–VsulγurH₆nαH
βnβrδyVrβl₆tβαHsulγiαβsgH₆H−omprβhβnsivβHγirstVprin−iplβsHstuαyWH2015UH]UHeYY[VeYZa 29

799 pontrollβαHsynthβsisHoγHzin−H−o₈₆ltHsulγiαβHn₆nostru−turβsHinHoilHph₆sβH₆nαHthβirHpotβnti₆lH
₆ppli−₆tionsHinHβlβ−tro−hβmi−₆lHβnβrδyHstor₆δβWH2015UH]UHZZac[VZZadY 91

798 rvolutionHoγHthβH−hβmi−₆lH₈onαinδHn₆turβH₆nαHβlβ−troαβH₆−tivityHoγHinαiumHsβlβniαβHuponHthβH
−ompositβHγorm₆tionHwithHδr₆phβnβHn₆noshββtsWH2015UHZdYUHaeVbc 4

797 †orousH”i}[Hponγorm₆lHpo₆tinδHonHp₆r₈onH{₆notu₈βsH₆sHrnβrδyH“tor₆δβHz₆tβri₆lsWH2015UHZcfUHd]VeZ 40

796 ’₆m₆nHspβ−tros−opyHoγHZn“Hqu₆ntumHαotsWH2015UHc]dUHaYZVaYc 41

795 uiβr₆r−hi−₆lHpo“[mpHhollowHmi−rosphβrβsH−onstru−tβαH₈yHn₆noshββtsHwithHsupβriorHlithiumH
stor₆δβWH2015UH[ecUHZbfVZcb 52

794 “ynthβsisHoγH†₈“â��nl[}]Hn₆no−ompositβsH₈yHsolâ��δβlHpro−βssH₆nαHstuαiβsHonHthβirHopti−₆lHpropβrtiβsWH
2015UHacUH[YfV[Zb 16

793 tr₆phβnβHn₆nopl₆tβlβtsHwithHsβlβ−tivβlyHγun−tion₆lizβαHβαδβsH₆sHβlβ−troαβHm₆tβri₆lHγorH
βlβ−tro−hβmi−₆lHβnβrδyHstor₆δβWH2015UH]ZUHbcdcVe] 23

792 s₆₈ri−₆tionHoγHur−hinVlikβH{ipo[Qp}]RZWbQ}uR]m{ipo[“aHonH{iHγo₆mH₈yH₆nHionVβx−h₆nδβHroutβH₆nαH
₆ppli−₆tionHtoH₆symmβtri−₆lHsupβr−₆p₆−itorsWH2015UH]UHZ]]YeVZ]]Zc 77

791 †ushinδH–pHyithiumH“tor₆δβHthrouδhH{₆nostru−turβαH†oly₆z₆₆−βnβHnn₆loδuβsH₆sHnnoαβWH2015UHbaUHd]baVe 181

790 po₈₆ltHsulγiαβHn₆noshββtsH−o₆tβαHonH{ipo[“aHn₆notu₈βH₆rr₆ysH₆sHβlβ−troαβHm₆tβri₆lsHγorH
hiδhVpβrγorm₆n−βHsupβr−₆p₆−itorsWH2015UH]UHZYaf[VZYafd 142

(2015-2015)
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789 vnVsituHγorm₆tionHoγHhollowHhy₈riαsH−omposβαHoγH−o₈₆ltHsulγiαβsHβm₈βααβαHwithinHporousH−₆r₈onH
polyhβαr₆X−₆r₈onHn₆notu₈βsHγorHhiδhVpβrγorm₆n−βHlithiumVionH₈₆ttβriβsWH2015UH[dUH]Y]eVaa 534

788 uyαrothβrm₆lHsynthβsisHoγH]qH{iHpoZâ��“[Hp₆rti−lβsXδr₆phβnβH−ompositβHhyαroδβlsHγorHhiδhH
pβrγorm₆n−βHsupβr−₆p₆−itorsWH2015UHfYUHaaVb[ 60

787 rlβ−troVαβpositionHoγHpo{i[“aHγlowβrVlikβHn₆noshββtsHonH]qHhiβr₆r−hi−₆llyHporousHni−kβlHskβlβtonsH
withHhiδhHβlβ−tro−hβmi−₆lH−₆p₆−itivβHpβrγorm₆n−βWH2015UH]UH[]Y]bV[]YaZ 84

786 uiβr₆r−hi−₆lH{ipo[“aHhollowHsphβrβsH₆sH₆HhiδhHpβrγorm₆n−βH₆noαβHγorHlithiumHionH₈₆ttβriβsWH2015UHbUHeadZZVeadZd37

785 ponstru−tionHoγHhiβr₆r−hi−₆lHpo“Hn₆nowirβm{ipo[“aHn₆noshββtH₆rr₆ysHvi₆HonβVstβpHionHβx−h₆nδβH
γorHhiδhVpβrγorm₆n−βHsupβr−₆p₆−itorsWH2015UH]UH[aY]]V[aYaY 106

784 “βlγV₆ssβm₈lβαHZn“Hn₆nosphβrβsHwithHn₆nos−₆lβHporosityH₆sH₆nHβγγi−iβntH−₆rriβrHγorHthβHαβlivβryHoγH
αoxoru₈i−inWH2015UHbUHf[affVf[bYb

783 ”woVαimβnsion₆lHsβ“Hn₆noγl₆kβsgHsynthβsisH₆nαH₆ppli−₆tionHtoHβlβ−tro−hβmi−₆lHsβnsorHγorH
mβr−uryQvvRHionsWH2015UHZdUHZ 6

782 ”it₆niumH}xynitriαβH{₆nop₆rti−lβsHnn−horβαHonHp₆r₈onH{₆notu₈βsH₆sHrnβrδyH“tor₆δβHz₆tβri₆lsWH
2015UHdUH[a[Z[Vd 26

781 Zn“Hn₆nop₆rti−lβsHβm₈βααβαHinHporousH−₆r₈onHm₆tri−βsH₆sH₆noαβHm₆tβri₆lsHγorHlithiumHionH
₈₆ttβriβsWH2015UHbUHecfaZVecfaa 71

780 †rq}”Hrn−₆psul₆tβαHsβ}sH{₆noroαHp₆thoαβsHγorHuiδhHrnβrδyHyithiumVvonHo₆ttβriβsWH2015UHZbUHdcbYVc 82

779 vntrinsi−Hph₆rδβH“tor₆δβHp₆p₆₈ilityHoγH”r₆nsitionHzβt₆lHqi−h₆l−oδβniαβsH₆sH†sβuαo−₆p₆−itorH
rlβ−troαβsWH2015UHZZfUH[YecaV[YedY 40

778 —₆porV†h₆sβHntomi−Hy₆yβrHqβpositionHoγHpof“eH₆nαHvtsHnppli−₆tionHγorH“upβr−₆p₆−itorsWH2015UHZbUHccefVfb 154

777 }nβVqimβnsion₆lH’oαVyikβH“₈â��“â��Vo₆sβαHnnoαβHγorHuiδhV†βrγorm₆n−βH“oαiumVvonHo₆ttβriβsWH2015UHdUHZf]c[Vf 193

776 nHnovβlH₆quβousH₆symmβtri−Hsupβr−₆p₆−itorH₈₆sβαHonHpβt₆lVlikβH−o₈₆ltHsβlβniαβHn₆noshββtsH₆nαH
nitroδβnVαopβαHporousH−₆r₈onHnβtworksHβlβ−troαβsWH2015UH[fdUH]bZV]be 140

775 †olypyrrolβV−o₆tβαHm₆nδ₆nβsβHαioxiαβHwithHmultis−₆lβH₆r−hitβ−turβsHγorHultr₆hiδhH−₆p₆−ityHβnβrδyH
stor₆δβWH2015UHeUH]Y]YV]Y]f 102

774 nutoαβ−ompositionHnppro₆−hHγorHthβHyowV”βmpβr₆turβHzβsostru−turinδHoγH{₆no−ryst₆lH
“βmi−onαu−torHrlβ−troαβsWH2015UH[dUHc]]dVc]aa 6

773 nαv₆n−βsHoγHδr₆phβnβH₆ppli−₆tionHinHβlβ−troαβHm₆tβri₆lsHγorHlithiumHionH₈₆ttβriβsWH2015UHbeUHZe[fVZeaY 10

772 “t₆−kβαHpuZWe“Hn₆nopl₆tβlβtsH₆sH−ountβrHβlβ−troαβHγorHqu₆ntumHαotVsβnsitizβαHsol₆rH−βllWH2015UHbUHZYYbcYVZYYbcd17
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771 pottonV”βxtilβVrn₆₈lβαUHslβxi₈lβHyithiumVvonHo₆ttβriβsHwithHrnh₆n−βαHp₆p₆−ityH₆nαHrxtβnαβαH
yiγβsp₆nWH2015UHZbUHeZfaV[Y] 173

770 uyαrothβrm₆lHδrowthHoγHhiβr₆r−hi−₆lH{i]“[H₆nαHpo]“aHonH₆Hrβαu−βαHδr₆phβnβHoxiαβHhyαroδβlm{iH
γo₆mgH₆HhiδhVβnβrδyVαβnsityH₆quβousH₆symmβtri−Hsupβr−₆p₆−itorWH2015UHdUHZZ[[V]Z 190

769 “upβriorHβlβ−tro−hβmi−₆lHpropβrtiβsHoγHsphβri−₆lVlikβHpo[Q}uR]plVrβαu−βαHδr₆phβnβHoxiαβH
−ompositβHpowαβrsHwithHultr₆γinβHn₆no−ryst₆lsWH2015UHeaUHZaV[] 19

768 nmorphousH]qHn₆noγl₆kβH₆rr₆yV₆ssβm₈lβαHporousH[qH−o₈₆ltâ��ox₆l₆tβH−oorαin₆tionHpolymβrHthinH
shββtsHwithHβx−βllβntHpsβuαo−₆p₆−itivβHpβrγorm₆n−βWH2015UH]UHZeadVZeb[ 63

767 nH{i]“[V†rq}”Hmonolithi−Hβlβ−troαβHγorHsoαiumH₈₆ttβriβsWH2015UHbYUH[aV[d 58

766 †sβuαo−₆p₆−itivβH₈βh₆viorHoγHuniαirβ−tion₆lHpα“Hn₆noγorβstHinH]qH₆r−hitβ−turβHthrouδhHsolutionH
−hβmistryWH2016UHcbfUHZYbVZZZ 13

765 uiβr₆r−hi−₆llyHstru−turβαHl₆yβrβαVαou₈lβVhyαroxiαβmzβoliti−Vimiα₆zol₆tβVγr₆mβworkHαβriv₆tivβsHγorH
hiδhVpβrγorm₆n−βHβlβ−tro−hβmi−₆lHβnβrδyHstor₆δβWH2016UHaUHZ[b[cVZ[b]a 65

764 {₆nos−₆lβHrnδinββrinδHoγHuβtβrostru−turβαHnnoαβHz₆tβri₆lsHγorHooostinδHyithiumVvonH“tor₆δβWH
2016UH[eUHdbeYVcY[ 177

763 qirβ−tHtrowthHoγH]HqHuiβr₆r−hi−₆lH†orousH{i]“[H{₆nostru−turβsHonH{i−kβlHso₆mHγorH
uiδhV†βrγorm₆n−βH“upβr−₆p₆−itorsWH2016UH[UHdZfVd[b 16

762 zβt₆lH“ulγiαβHuollowH{₆nostru−turβsHγorHrlβ−tro−hβmi−₆lHrnβrδyH“tor₆δβWH2016UHcUHZbYZ]]] 563

761
rlβ−troni−Hlo−₆liz₆tionH₆nαH₈₆αVmβt₆lli−ityHinHpurβH₆nαHβlβ−tronVαopβαHtroilitβgHnH
lo−₆lVαβnsityV₆pproxim₆tionHplusHαyn₆mi−₆lVmβ₆nVγiβlαVthβoryHstuαyHoγHsβ“HγorHlithiumVionH
₈₆ttβriβsWH2016UHZZfUHYebZYd

8

760 ’β−βntH₆αv₆n−βsHinHn₆nostru−turβαH{₈V₈₆sβαHoxiαβsHγorHβlβ−tro−hβmi−₆lHβnβrδyHstor₆δβWHNanoscale
UH2016UHeUHeaa]Vcb 7.7 145

759 s₆−ilβH“ynthβsisHoγHp₆r₈onâ��zβt₆lHsluoriαβH{₆no−ompositβsHγorHyithiumVvonHo₆ttβriβsWH2016UHaUH[YZV[ZZ 11

758 —isi₈lβHliδhtHαrivβnHβγγi−iβntHphoto−₆t₆lyti−Hαβδr₆α₆tionHoγHponδoHrβαHαyβH−₆t₆lyzβαH₈yHhiβr₆r−hi−₆lH
pu“â��oi[pux Zâ��x}câ��[xHn₆no−ompositβHsystβmWH2016UHcUH]bbefV]bcYZ 33

757 rlu−iα₆tionHoγHthβHponvβrsionH’β₆−tionHoγHpoznsβ}aH{₆nop₆rti−lβsHinHyithiumHvonHo₆ttβryHnnoαβH
vi₆H}pβr₆nαoH“tuαiβsWH2016UHeUHZb][YV][ 29

756 s₆−ilβHsynthβsisHoγHhiβr₆r−hi−₆lHzo“[â��−₆r₈onHmi−rosphβrβsH₆sH₆Hro₈ustH₆noαβHγorHlithiumHionH
₈₆ttβriβsWH2016UHaUHfcb]VfccY 68

755 tβnβr₆lH₆nαHγ₆−ilβHsynthβsisHoγHmβt₆lHsulγiαβHn₆nostru−turβsgHvnHsituHmi−row₆vβHsynthβsisH₆nαH
₆ppli−₆tionH₆sH₈inαβrVγrββH−₆thoαβHγorHyiVionH₈₆ttβriβsWH2016UH]YcUH[bZV[bf 51

754 ”r₆shHtoH”rβ₆surβgH ₆stβHrδδshβllsH–sβαH₆sH’β₆−torH₆nαH”βmpl₆tβHγorH“ynthβsisHoγHpof“eH{₆noroαH
nrr₆ysHonHp₆r₈onHsi₈βrsHγorHrnβrδyH“tor₆δβWH2016UH[eUH]efdV]fYa 71

(2016-2015)
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753 tβnβr₆liz₆₈lβH“ynthβsisHoγHzβt₆lV“ulγiαβsXp₆r₈onHuy₈riαsHwithHzultis−₆lβUHuiβr₆r−hi−₆llyH}rαβrβαH
“tru−turβsH₆sHnαv₆n−βαHrlβ−troαβsHγorHyithiumH“tor₆δβWH2016UH[eUHZdaVeY 127

752 s₆−ilβHsynthβsisHoγHpo{iH[H“HaHonβVαimβnsion₆lHn₆noroαsH₆sH₆noαβHγorHhiδhHpβrγorm₆n−βHlithiumHionH
₈₆ttβriβsWH2016UHZdcUHedVfY 19

751 uiβr₆r−hi−₆lHmβsoporousH−₆r₈onHsphβrβmni−kβlH−o₈₆ltHsulγiαβH−orβâ��shβllHstru−turβsH₆nαHthβirH
βlβ−tro−hβmi−₆lHpβrγorm₆n−βWH2016UHddZUHZYcVZZ] 32

750 pontrollβαHδrowthHoγH₆Hn₆nopl₆tβlβtVstru−turβαH−oppβrHsulγiαβHthinHγilmH₆sH₆HhiδhlyHβγγi−iβntH
−ountβrHβlβ−troαβHγorHqu₆ntumHαotVsβnsitizβαHsol₆rH−βllsWH2016UHcUHabeYfVabeZe 10

749 zβ−h₆ni−₆llyHαβl₆min₆tβαHγβwHl₆yβrβαHzo“[Hn₆noshββtsH₈₆sβαHhiδhHpβrγorm₆n−βHwirβHtypβH
soliαVst₆tβHsymmβtri−Hsupβr−₆p₆−itorsWH2016UH][ZUHZZ[VZZf 154

748 sirstHprin−iplβsHstuαyHoγHn₆nostru−turβαH”i“[Hβlβ−troαβsHγorH{₆H₆nαHzδHionHstor₆δβWH2016UH][YUH][[V]]Z 35

747 uyαrothβrm₆lHsynthβsisH₆nαHβlβ−tro−hβmi−₆lHpβrγorm₆n−βHoγHw₆lnutVlikβHpo“[Hhiβr₆r−hi−₆lH
stru−turβsWH2016UHZZUH[eZV[e] 3

746 tr₆phβnβVlikβHn₆no−ompositβsH₆n−horβαH₈yH{i]“[Hsli−βsHγorHyiVionHstor₆δβWH2016UHcUHaeYe]VaeYee 21

745 †l₆smonHrnh₆n−βαHqirβ−tHo₆nαδ₆pHrmissionsHinHpuH“HmnuH“mnuH{₆norinδsWH2016UHZ[UHbd[eVbd]] 12

744 “ynthβsisHoγHsβ“mpV{Hhiβr₆r−hi−₆lHporousHmi−rosphβrβsHγorHthβH₆ppli−₆tionsHinHlithiumXsoαiumHionH
₈₆ttβriβsWH2016UHceeUHdfYVdfd 57

743 srββVst₆nαinδH{i—[“aHn₆noshββtH₆rr₆ysHonH₆H]qH{iHγr₆mβworkHvi₆H₆nH₆nionHβx−h₆nδβHrβ₆−tionH₆sH₆H
novβlHβlβ−troαβHγorH₆symmβtri−Hsupβr−₆p₆−itorH₆ppli−₆tionsWH2016UHaUHZdbZ[VZdb[Y 42

742 ”hβH’olβHoγH’βαu−βαHtr₆phitβH}xiαβHinH”r₆nsitionHzβt₆lH}xiαβH{₆no−ompositβsH–sβαH₆sHyiHnnoαβH
z₆tβri₆lgHnnH}pβr₆nαoH“tuαyHonHposβH}HXrt}WH2016UH[[UHZcf[fVZcf]e 14

741 nHZn“Hn₆no−ryst₆lXrβαu−βαHδr₆phβnβHoxiαβH−ompositβH₆noαβHwithHβnh₆n−βαHβlβ−tro−hβmi−₆lH
pβrγorm₆n−βsHγorHlithiumVionH₈₆ttβriβsWH2016UHZeUH]Yc]YV]Yca[ 43

740 p₆r₈onHqopβαHznpo[“aHzi−ro−u₈βsHtrownHonH{iHγo₆mH₆sHuiδhHrnβrδyHqβnsityHs₆r₆α₆i−Hrlβ−troαβWH
2016UH[Z]UHcd[Vcdf 62

739 v−βH”βmpl₆tβαHsrββV“t₆nαinδHuiβr₆r−hi−₆llyH “[Xp{”Vrt}HnβroδβlHγorHuiδhV†βrγorm₆n−βH
’β−h₆rδβ₆₈lβHyithiumH₆nαH“oαiumHvonHo₆ttβriβsWH2016UHcUHZcYZYbd 223

738 or₆n−hβαH−₆r₈onVβn−₆psul₆tβαHzn“H−orβXshβllHn₆no−h₆insHprβp₆rβαHvi₆HoriβntβαH₆tt₆−hmβntHγorH
lithiumVionHstor₆δβWH2016UHaUHZ[YfeVZ[ZYb 54

737 p₆r₈onHαotV₆ssistβαHhyαrothβrm₆lHsynthβsisHoγHγlowβrVlikβHzo“[Hn₆nosphβrβsH−onstru−tβαH₈yH
γβwVl₆yβrβαHmultiph₆sβHzo“[Hn₆noshββtsHγorHsupβr−₆p₆−itorsWH2016UHcUHddfffVdeYYd 32

736 “ynthβsisH₆nαHrlβ−tro−hβmi−₆lHyithiumH“tor₆δβHoβh₆viorHoγHp₆r₈onH{₆notu₈βsHsillβαHwithHvronH
“ulγiαβH{₆nop₆rti−lβsWH2016UH]UHZcYYZZ] 31
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735 –nβxpβ−tβαHrpit₆xi₆lHtrowthHoγH₆HsβwH “[Hy₆yβrsHonH{ZZHYY}Hs₆−βtsHoγHZn}H{₆nowirβsWH2016UHZ[YUH[ZabZV[Zabf17

734 ”r₆−kinδH†sβuαo−₆p₆−itivβHpontri₈utionHtoH“upβriorHrnβrδyH“tor₆δβHoγHzn“H{₆nop₆rti−lβsHtrownH
onHp₆r₈onH”βxtilβWH2016UHeUH[ac[ZVe 62

733 pontroll₆₈lβH†rβp₆r₆tionHoγH“qu₆rβH{i−kβlHph₆l−oδβniαβHQ{i“H₆nαH{i“β[RH{₆nopl₆tβsHγorH“upβriorH
yiX{₆HvonH“tor₆δβH†ropβrtiβsWH2016UHeUH[b[cZVd 145

732 vmprovβαH{₆H“tor₆δβH†βrγorm₆n−βHwithHthβHvnvolvβmβntHoγH{itroδβnVqopβαHponαu−tivβHp₆r₈onH
intoH “[H{₆noshββtsWH2016UHeUH[]effVfYe 58

731 {ovβlH₆ppli−₆tionHoγHnonV₆quβousH−hβmi−₆lH₈₆thHαβpositβαH“₈[“]HthinHγilmsH₆sHsupβr−₆p₆−itivβH
βlβ−troαβWH2016UHaZUH[Z[deV[Z[eb 16

730 sorm₆tionHoγH{iVpoVzo“H{₆no₈oxβsHwithHrnh₆n−βαHrlβ−tro−₆t₆lyti−Hn−tivityHγorHuyαroδβnH
rvolutionWH2016UH[eUHfYYcVfYZZ 425

729 nHhiβr₆r−hi−₆llyHporousHpupo[“aXδr₆phβnβH−ompositβH₆sH₆nHβlβ−troαβHm₆tβri₆lHγorHsupβr−₆p₆−itorsWH
2016UH]ZUH]]cV]a[ 50

728 †otβntiost₆ti−HαβpositionHoγHpo{i[“aHn₆noshββtH₆rr₆ysHonHni−kβlHγo₆mgHβγγβ−tHoγHαβpostionHtimβHonH
thβHmorpholoδyH₆nαHpsβuαo−₆p₆−itivβHpβrγorm₆n−βWH2016UHbZUHZYcaZVZYcbZ 28

727 “ynthβsisHoγH{ipo[“aH{₆no−₆δβsH₆sH†sβuαo−₆p₆−itorHrlβ−troαβHz₆tβri₆lsWH2016UHZUHaYe[VaYec 10

726 ponγinβαH“ynthβsisHoγHsβ“[H{₆nop₆rti−lβsHrn−₆psul₆tβαHinHp₆r₈onH{₆notu₈βHuy₈riαsHγorH
–ltr₆st₆₈lβHyithiumVvonHo₆ttβriβsWH2016UHaUHa[bZVa[bb 99

725 tr₆phβnβV−o₆tβαHmβsoporousHpo]}aHγi₈βrsH₆sH₆nHβγγi−iβntH₆noαβHm₆tβri₆lHγorHyiVionH₈₆ttβriβsWH2016
UHcUHdZYYcVdZYZZ 17

724 qiγγβrβnti₆tionHoγHthβHnonVγ₆r₆α₆i−H₆nαHpsβuαo−₆p₆−itivβHβlβ−tro−hβmi−₆lHrβsponsβHoγHδr₆phitβH
γβltXpusβ“[H−ompositβHβlβ−troαβsWH2016UH[Z[UHfdfVffZ 22

723
rlβ−tro−hβmi−₆lHrnβrδyH“tor₆δβHnppli−₆tionH₆nαHqβδr₆α₆tionHnn₆lysisHoγHp₆r₈onVpo₆tβαH
uiβr₆r−hi−₆lH{ipo[“aHporβV“hβllH{₆nowirβHnrr₆ysHtrownHqirβ−tlyHonHtr₆phβnβX{i−kβlHso₆mWH2016UH
cUH[Y[ca

54

722 “ynthβti−HroutβsHtoHironH−h₆l−oδβniαβHn₆nop₆rti−lβsH₆nαHthinHγilmsWH2016UHabUHZeeY]VZeeZ[ 33

721 “H₆nαH{H−oαopβαHthrββVαimβnsion₆lHδr₆phβnβVzn“Hhy₈riαsHwithHhiδhHβlβ−tro−₆t₆lyti−H₆−tivityHγorH
oxyδβnHrβαu−tionHrβ₆−tionWH2016UH[[ZUHbbVcY 19

720  “[â��]qHδr₆phβnβHn₆noV₆r−hitβ−turβHnβtworksHγorHhiδhHpβrγorm₆n−βH₆noαβHm₆tβri₆lsHoγHlithiumHionH
₈₆ttβriβsWH2016UHcUHZYddceVZYdddb 24

719 ntomi−Hy₆yβrHqβpositionHoγH–ltr₆thinH{i−kβlH“ulγiαβHsilmsH₆nαH†rβlimin₆ryHnssβssmβntHoγH”hβirH
†βrγorm₆n−βH₆sHuyαroδβnHrvolutionHp₆t₆lystsWH2016UH][UHZ[YYbVZ[YZ[ 35

718 vnVsituHtrownHoγHzo“[X’t}Xzo“[mzoH{₆no−ompositβH₆nαHvtsHsupβr−₆p₆−itorH†βrγorm₆n−βWH2016UH
[ZfUHcf]VdYY 40
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717 †yritβHsβ“[Hn₆no₈βltsH₆sHhiδhVpβrγorm₆n−βH₆noαβHm₆tβri₆lHγorH₆quβousHpsβuαo−₆p₆−itorWH2016UH
[[[UHZd[VZdc 40

716 “tru−tur₆lH₆nαH−hβmi−₆lH−h₆r₆−tβris₆tionHoγHnovβlHsβ“Hn₆nostru−turβsHγorHβnβrδyHstor₆δβH
synthβsisβαHusinδH₆HsinδlβVsour−βHprβ−ursorWH2016UHbYeVbYf

715 vnV“ituHhyαrothβrm₆lHsynthβsisHoγH₆Hzo“[Hn₆noshββtHβlβ−troαβHγorHβlβ−tro−hβmi−₆lHβnβrδyHstor₆δβH
₆ppli−₆tionsWH2016UHceUHZ]aZVZ]ac 5

714 “upβriorHβlβ−tro−hβmi−₆lHpβrγorm₆n−βHoγH{i“X{iHo₈t₆inβαHvi₆Hβlβ−tro−hβmi−₆lH−orrosionWH2016UHZeZUH[bV[e 9

713 †orousH−₆r₈onVwr₆ppβαHmβsoporousHpof“eHγi₈βrsH₆sHst₆₈lβH₆noαβHγorHyiVvonHo₆ttβriβsWH2016UH[ZZUH]YbV]Z[ 39

712 pryst₆lHβnδinββrinδHinH]qgH−onvβrtinδHn₆nos−₆lβHl₆mβll₆rHm₆nδ₆nβsβHoxiαβHtoH−u₈i−HspinβlHwhilβH
₆γγixβαHtoH₆H−₆r₈onH₆r−hitβ−turβWH2016UHZeUHcY]bVcYae 7

711 rlβ−trospunH−₆r₈onV₈₆sβαHn₆nostru−turβαHβlβ−troαβsHγorH₆αv₆n−βαHβnβrδyHstor₆δβHâ��HnHrβviβwWH
2016UHbUHbeVf[ 140

710 s₆rVinγr₆rβαHspβ−tr₆HoγHmβsoporousHZn“Hn₆nop₆rti−lβsWH2016UHbdUH[[bV[]Y 3

709 }nβVstβpHsynthβsisHoγHni−kβlH−o₈₆ltHsulphiαβsHp₆rti−lβsgHtuninδHthβH−ompositionHγorHhiδhH
pβrγorm₆n−βHsupβr−₆p₆−itorsWH2016UHcUHbefZcVbef[a 31

708 uollowHzn“Hn₆nosphβrβsH₆sHβlβ−tronHtr₆nsγβrHpromotβrsHoγHhβmoδlo₈inH₆nαHthβirHβlβ−tro−hβmi−₆lH
sβnsinδH₆ppli−₆tionsWH2016UHbZUHdZbcVdZcf 6

707 “ynthβsisH₆nαHpropβrtiβsHoγHmorpholoδyH−ontroll₆₈lβH−oppβrHsulphiαβHn₆noshββtsHγorH
supβr−₆p₆−itorH₆ppli−₆tionWH2016UH[ZZUHefZVeff 67

706 slowβrVlikβHm₆nδ₆nβsβV−o₈₆ltHoxysulγiαβHsupportβαHonH{iHγo₆mH₆sH₆HnovβlHγ₆r₆α₆i−Hβlβ−troαβHwithH
−ommβnα₆₈lβHpβrγorm₆n−βWH2016UHZfZUHfZcVf[[ 41

705 s₆−ilβHsynthβsisHoγHm₆δnβti−Hsβ]“aHn₆noshββtsH₆nαHthβirH₆ppli−₆tionHinHlithiumVionHstor₆δβWH2016UH
cceUH[dV][ 16

704 —₆porV†h₆sβHntomi−Hy₆yβrHqβpositionHoγH{i−kβlH“ulγiαβH₆nαHvtsHnppli−₆tionHγorHrγγi−iβntH
}xyδβnVrvolutionHrlβ−tro−₆t₆lysisWH2016UH[eUHZZbbVZZca 123

703 }nβVstβpHsynthβsisHoγH{ipo[“aHultr₆thinHn₆noshββtsHonH−onαu−tivβHsu₈str₆tβsH₆sH₆αv₆n−βαH
βlβ−troαβsHγorHhiδhVβγγi−iβntHβnβrδyHstor₆δβWH2016UH]YcUHZYYVZYc 142

702 y₆yβrβαHni−kβlHsulγiαβVrβαu−βαHδr₆phβnβHoxiαβH−ompositβsHsynthβsizβαHvi₆Hmi−row₆vβV₆ssistβαH
mβthoαH₆sHhiδhHpβrγorm₆n−βH₆noαβHm₆tβri₆lsHoγHsoαiumVionH₈₆ttβriβsWH2016UH]Y[UH[Y[V[Yf 97

701 slβxi₈lβHhy₈riαH−₆r₈onHn₆notu₈βHsponδβsHβm₈βααβαHwithH“n“[HγromHtu₈ul₆rHn₆noshβ₆thsHtoH
n₆noshββtsH₆sHγrββVst₆nαinδH₆noαβsHγorHlithiumVionH₈₆ttβriβsWH2016UHcUH]YYfeV]YZYb 23

700 ’β−βntH₆αv₆n−βsHinHδr₆phβnβV₈₆sβαHhy₈riαHn₆nostru−turβsHγorHβlβ−tro−hβmi−₆lHβnβrδyHstor₆δβWH
2016UHZUH]aYV]da 79
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699 “urγ₆−t₆ntV₆ssistβαHsynthβsisHoγHn₆noporousHni−kβlHsulγiαβHγl₆kβsH₆nαHthβirHhy₈riαiz₆tionHwithH
rβαu−βαHδr₆phβnβHoxiαβsHγorHsupβr−₆p₆−itorH₆ppli−₆tionsWH2016UHcUH[Z[acV[Z[b] 39

698 pontrollβαHsynthβsisHoγH{ipo[“aHn₆nostru−turβsHonHni−kβlHγo₆msHγorHhiδhVpβrγorm₆n−βH
supβr−₆p₆−itorsWH2016UH[UHZVd 48

697 {₆noHironHpyritβHQsβ“[RHβxhi₈itsH₈iVγun−tion₆lHβlβ−troαβH−h₆r₆−tβrWH2016UHcUHZcebfVZcecd 27

696 {ipo[“ampoQ}uR[H−orβVshβllHn₆notu₈βH₆rr₆ysHinHsituHδrownHonH{iHγo₆mHγorHhiδhHpβrγorm₆n−βsH
₆symmβtri−Hsupβr−₆p₆−itorsWH2016UH]Z[UHZbcVZca 293

695 zo“[X’t}X{i]“[H{₆no−ompositβHinVsituHtrownHonH{iHso₆mH“u₈str₆tβH₆nαHvtsHuiδhHrlβ−tro−hβmi−₆lH
†βrγorm₆n−βWH2016UHZfeUHZ]bVZa] 36

694  “[V“upβrH†Hn₆no−ompositβsH₆noαβHm₆tβri₆lHwithHβnh₆n−βαH−y−linδHst₆₈ilityHγorHlithiumHionH
₈₆ttβriβsWH2016UHcd]UHcYVcc 29

693 rlβ−tro−hβmi−₆lH−h₆r₆−tβristi−sHoγHpyrrhotinβH₆sH₆noαβHm₆tβri₆lHγorHlithiumVionH₈₆ttβriβsWH2016UHccZUHae]Vaef 7

692 “ynthβsisHoγHy₆tβr₆lH“izβVpontrollβαHzonol₆yβrHZuVzo“[m}lβyl₆minβH₆sH“upβr−₆p₆−itorH
rlβ−troαβsWWH2016UH[eUHcbdVcca 115

691 {₆nostru−turβαH“n“HwithHinhβrβntH₆nisotropi−Hopti−₆lHpropβrtiβsHγorHhiδhHphoto₆−tivityWHNanoscaleUH
2016UHeUH[[f]V]Y] 7.7 95

690  h₆tHu₆ppβnsH“tru−tur₆llyH₆nαHrlβ−troni−₆llyHαurinδHthβHyiHponvβrsionH’β₆−tionHoγHposβ[}aH
{₆nop₆rti−lβsgHnnH}pβr₆nαoHXn“H₆nαHX’qHvnvβstiδ₆tionWH2016UH[eUHa]aVaaa 57

689 “h₆pβV−ontrollβαHsynthβsisHoγH˛†Vvn[“]Hn₆no−ryst₆lsH₆nαHthβirHlithiumHstor₆δβHpropβrtiβsWH2016UHZeUH[bYV[bc 16

688 slβxi₈lβHγullVsoliαHst₆tβHsupβr−₆p₆−itorsH₈₆sβαHonHzin−HsulγiαβHsphβrβsHδrowinδHonH−₆r₈onHtβxtilβH
withHsupβriorH−h₆rδβHstor₆δβWH2016UHaUHccdVcda 104

687 †orousHn₆notu₈βsHαβrivβαHγromH₆Hmβt₆lVorδ₆ni−Hγr₆mβworkH₆sHhiδhVpβrγorm₆n−βHsupβr−₆p₆−itorH
βlβ−troαβsWH2016UHa[UH]Z[ZV]Z[f 35

686 rγγβ−tHoγHsolvβntsHonHthβHmorpholoδyHoγH{ipo[}aXδr₆phβnβHn₆nostru−turβsHγorHβlβ−tro−hβmi−₆lH
psβuαo−₆p₆−itorH₆ppli−₆tionWH2016UH[YUHZe]dVZeaa 34

685 “n“H[H{₆noγl₆kβsHnn−horβαHtr₆phβnβHo₈t₆inβαH₈yHyiquiαH†h₆sβHrxγoli₆tionH₆nαHzo“H[H{₆noshββtH
pompositβsH₆sHyithiumH₆nαH“oαiumHo₆ttβryHnnoαβsWH2017UH[[dUH[Y]V[Yf 46

684 rm₈βααinδHpo“[Hn₆nop₆rti−lβsHinH{VαopβαH−₆r₈onHn₆notu₈βHhollowHγr₆mβworksHγorHβnh₆n−βαH
lithiumHstor₆δβHpropβrtiβsWH2017UHZYUHa[feVa]Ya 122

683 {itroδβnH₆nαHsulγurH−oVαopβαHmβt₆lHmono−h₆l−oδβnHβn−₆psul₆tβαHhonβy−om₈HlikβH−₆r₈onH
n₆nostru−turβH₆sH₆HhiδhHpβrγorm₆n−βHlithiumVionH₈₆ttβryH₆noαβHm₆tβri₆lWH2017UHZZbUH[afV[cY 47

682 vntβrl₆yβrHβxp₆nsionHoγHγβwVl₆yβrβαHzoVαopβαH“n“[Hn₆noshββtsHδrownHonH−₆r₈onH−lothHwithH
βx−βllβntHlithiumHstor₆δβHpβrγorm₆n−βHγorHlithiumHionH₈₆ttβriβsWH2017UHbUHaYdbVaYe] 69
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681 }nβVpotHsolvothβrm₆lHsynthβsisHoγHγlowβrVlikβH−oppβrHsulγiαβXrβαu−βαHδr₆phβnβHoxiαβH−ompositβH
supβrstru−turβsH₆sHhiδhVpβrγorm₆n−βHsupβr−₆p₆−itorHβlβ−troαβHm₆tβri₆lsWH2017UH[eUHbf]ZVbfaY 20

680 qu₆lHuβtβro₆tomVqopβαHp₆r₈onH{₆noγo₆mV r₆ppβαHvronHzonosulγiαβH{₆nop₆rti−lβsgHnnHrγγi−iβntH
p₆thoαβHp₆t₆lystHγorHyiV}Ho₆ttβriβsWH2017UHZYUHZbbaVZbc[ 11

679 p₆thoαβHm₆tβri₆lsHγorHrβ−h₆rδβ₆₈lβH₆luminumH₈₆ttβriβsgH−urrβntHst₆tusH₆nαHproδrβssWH2017UHbUHbcacVbccY 114

678 ”βmpl₆tβHsynthβsisHoγHpo“β[Xpo]“βaHn₆notu₈βsgHtuninδHoγHthβirH−ryst₆lHstru−turβsHγorH
photovolt₆i−sH₆nαHhyαroδβnHβvolutionHinH₆lk₆linβHmβαiumWH2017UHbUHabZ]Vab[c 125
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βvolutionWH2017UHdUH[b[aV[b]Y 39
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2017UH[YfUHfdVZYZ 38
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607 rlβ−troαβpositionH₆nαHp₆p₆−it₆n−βHzβ₆surβmβntsHoγH “[”hinHsilmsWH2017UHZcaUHqceZVqcec 9
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₈iVγun−tion₆lHβlβ−tro−₆t₆lystWHNanoscaleUH2017UHfUHZ[c[eVZ[c]c 7.7 14
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517 sβ“[Hw₆lnutVlikβHmi−rosphβrβsHwr₆ppβαHwithHrt}H₆sH₆noαβHm₆tβri₆lHγorHhiδhV−₆p₆−ityH₆nαH
lonδV−y−lβHlithiumVionH₈₆ttβriβsWH2018UH[f[UHZVf 47
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497 {ovβlHuyαrothβrm₆lH“ynthβsisHoγHpo“[Xz p{”H{₆nohy₈riαHrlβ−troαβHγorH“upβr−₆p₆−itorgHnH
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o₆ttβriβsWH2018UHbUH[Z]bV[ZaZ 35

489 “ynthβsisH₆nαHβnh₆n−βαHβlβ−tro−hβmi−₆lHpβrγorm₆n−βHoγH†n{vXsβ]}aHn₆no−ompositβH₆sH
supβr−₆p₆−itorHβlβ−troαβWH2018UHdbdUHaccVadb 55
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456 †hosphorusHvn−orpor₆tionHintoHpoH“H{₆no−₆δβsHγorHuiδhlyHrγγi−iβntH}xyδβnHrvolutionHp₆t₆lysisWH
2019UHZbUHβZfYabYd 51

455 †olymβrVnssistβαHphβmi−₆lH“olutionHzβthoαHtoHzβt₆lH}xiαβH{₆nop₆rti−lβsHγorHyithiumVvonH
o₆ttβriβsWH2019UH[dZV[fY

454 ntomi−V“−₆lβH—isu₆liz₆tionHoγHrlβ−tro−hβmi−₆lHyithi₆tionH†ro−βssβsHinHzonol₆yβrHzo“[H₈yHpryoδβni−H
rlβ−tronHzi−ros−opyWH2019UHfUHZfY[dd] 18

453 †sβuαo−₆p₆−itivβH₈βh₆viourHoγHsβ“xHδrownHonHst₆inlβssHstββlHupHtoHZWeH—HinH₆quβousHβlβ−trolytβWH
2019UH[cUHZYYfaf 8

452 zi−row₆vβHr₆piαHsynthβsisHoγH{i}X{i]“[mδr₆phitβHn₆no−ompositβsHγorHsupβr−₆p₆−itorH
₆ppli−₆tionsWH2019UHZZYUHZYdbfc 12

451 nnHovβrviβwHoγHtrβ₆tmβntHtβ−hnoloδiβsHγorHthβHrβmov₆lHoγHβmβrδinδH₆nαHn₆nom₆tβri₆lsH
−ont₆min₆ntsHγromHmuni−ip₆lH₆nαHinαustri₆lHw₆stβw₆tβrWH2019UH]VaY 4

450 “βlγV−ouplβαHni−kβlHsulγiαβHmHni−kβlHv₆n₆αiumHsulγiαβHn₆nostru−turβH₆sH₆HnovβlHhiδhH−₆p₆−ityH
βlβ−troαβHm₆tβri₆lHγorHsupβr−₆p₆ttβryWH2019UHafdUHZa]dde 37

449 y₆sβrVinαu−βαH₈iVmβt₆lHsulγiαβXδr₆phβnβHn₆nori₈₈onHhy₈riαHγr₆mβworksHγorHhiδhVpβrγorm₆n−βH
₆llVinVonβHγi₈βrHsupβr−₆p₆−itorsWH2019UHa]eUH[[dYaa 21

448
vnsiδhtsHintoH−h₆rδβHstor₆δβH₆nαHβlβ−tro₆−tiv₆tionHoγHmixβαHmβt₆lHsulγiαβsHinH₆lk₆linβHmβαi₆gH
{ipoznHtβrn₆ryHmβt₆lHsulγiαβHn₆noVnββαlβsHγorminδH−orβâ��shβllHstru−turβsHγorHhy₈riαHβnβrδyH
stor₆δβWH2019UHdUH[YaZaV[Ya[a

24
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447 ’β−h₆rδβ₆₈lβHzδH₈₆ttβriβsH₈₆sβαHonH₆Hnδ“H−onvβrsionH−₆thoαβHwithHγ₆stHsoliαVst₆tβHzδHαiγγusionH
kinβti−sWH2019UHaeUHZa]fYVZa]fd 6

446 pontroll₆₈lβHoxyδβnVin−orpor₆tβαHintβrl₆yβrVβxp₆nαβαH’β“[Hn₆noshββtsHαβpositβαHonHhollowH
mβsoporousH−₆r₈onHsphβrβsHγorHimprovβαHrβαoxHkinβti−sHoγHyiVionHstor₆δβWH2019UHdUH[[YdYV[[Yde 8

445 †olyβthylβnβHδly−olV₆ssistβαHδrowthHoγH{i]“aH−losβlyHp₆−kβαHn₆noshββtsHonH{iVγo₆mHγorHβnh₆n−βαH
supβr−₆p₆−itorHαβvi−βWH2019UH[]UH[f]dV[fbY 6

444 zi−roγlowβrVlikβHni−kβlHsulγiαβVlβ₆αHsulγiαβHhiβr₆r−hi−₆lH−ompositβsH₆sH₈inαβrVγrββHβlβ−troαβsHγorH
hiδhVpβrγorm₆n−βHsupβr−₆p₆−itorsWH2019UH[cUHZYYf[b 21

443 }nβVpotHs−₆l₆₈lβHsynthβsisHoγHpurβHph₆sβH{i]“aHqu₆ntumHαotsH₆sH₆Hvβrs₆tilβHβlβ−troαβHγorHhiδhH
pβrγorm₆n−βHhy₈riαHsupβr−₆p₆−itorsH₆nαHlithiumHionH₈₆ttβriβsWH2019UHa]eUH[[dYYa 13

442 oinαβrVsrββHzβt₆lH“ulγiαβHpompositβH{₆noshββtHnrr₆yHrlβ−troαβsHγorHyiVvonHo₆ttβriβsWH2019UHdUHZdZYYVZdZYc 9

441 –ltr₆thinH−₆r₈onV−o₆tβαHsβ“[Hn₆noo−t₆hβαr₆HγorHsoαiumHstor₆δβHwithHlonδH−y−linδHst₆₈ilityWH2019UHcUHabfVaca 16

440 uiβr₆r−hi−₆lH−o₈₆ltHsulγiαβHultr₆VlonδHmi−rotu₈βH−omposβαHoγHn₆noshββtsHβm₈βααβαHwithinH
{VαopβαH−₆r₈onH₆sH₆noαβHm₆tβri₆lHγorHlithiumVionH₈₆ttβriβsWH2019UHdecUHadbVaeY 9

439 }nβV†otH“ynthβsisHoγHpupo[“aH“u₈Vzi−rosphβrβsHγorHuiδhV†βrγorm₆n−βHyithiumVX“oαiumVvonH
o₆ttβriβsWH2019UHcUHZbbeVZbcc 12

438 vronHoxiαβV₈₆sβαHn₆nom₆tβri₆lsHγorHsupβr−₆p₆−itorsWH2019UH]YUH[YaYY[ 28

437 uollowH−orβâ��shβllH{ipo[“amzo“[Hαoαβ−₆hβαronsHwithHβnh₆n−βαHpβrγorm₆n−βHγorHsupβr−₆p₆−itorsH
₆nαHhyαroδβnHβvolutionHrβ₆−tionWH2019UHa]UH]cYZV]cYe 46

436 —isi₈lβVliδhtVαrivβnHphoto−₆t₆lyti−H₆−tivitiβsHoγHmonoαispβrsβHZn“V−o₆tβαHrβαu−βαHδr₆phβnβHoxiαβH
n₆no−ompositβsWH2019UH[[dUH]ceV]da 21

435 pontrollinδHthβH—₆lβn−βH“t₆tβHoγHpuHqop₆ntHinH˛–Vsβ[}]HnnoαβsgHrγγβ−tsHonHpryst₆lH“tru−turβH₆nαH
thβHponvβrsionH’β₆−tionsHwithHnlk₆liHvonsWH2019UH]ZUHZ[ceVZ[df 17

434 uiδhV†βrγorm₆n−βHp₆p₆−itivβHqβioniz₆tionHoγHpoppβrHvonsH₆tH{₆noporousHZn“Vqβ−or₆tβαHp₆r₈onH
sβltWH2019UHZccUHr[fVr]a 8

433 ph₆l−oδβniαβHsolutionVmβαi₆tβαH₆−tiv₆tionHproto−olHγorHs−₆l₆₈lβH₆nαHultr₆γ₆stHsynthβsisHoγH
sinδlβV−ryst₆llinβHZVqH−oppβrHsulγiαβHγorHsupβr−₆p₆−itorsWH2019UHdUH[b[fV[b]b 14

432 zβsoporousHni−kβlH−o₈₆ltHm₆nδ₆nβsβHsulγiαβHyolkâ��shβllHhollowHsphβrβsHγorHhiδhVpβrγorm₆n−βH
βlβ−tro−hβmi−₆lHβnβrδyHstor₆δβWH2019UHcUHZebZVZecY 53

431 ”hrββVαimβnsion₆lHintβr−onnβ−tβαH−o₈₆ltHsulγiαβHγo₆mgHpontroll₆₈lβHsynthβsisH₆nαH₆ppli−₆tionHinH
supβr−₆p₆−itorWH2019UH]ZdUHbbZVbcZ 23

430 ’β−βntH₆αv₆n−βsHinHmβt₆lHsulγiαβsgHγromH−ontrollβαHγ₆₈ri−₆tionHtoHβlβ−tro−₆t₆lyti−UHphoto−₆t₆lyti−H
₆nαHphotoβlβ−tro−hβmi−₆lHw₆tβrHsplittinδH₆nαH₈βyonαWH2019UHaeUHaZdeVa[eY 463
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429 vronH“ulγiαβHz₆tβri₆lsgHp₆t₆lystsHγorHrlβ−tro−hβmi−₆lHuyαroδβnHrvolutionWH2019UHdUHdb 16

428 s₆₈ri−₆tionH₆nαH−h₆r₆−tβriz₆tionHoγHpozo“aXpo]—[}eHn₆no−ompositβH₆sHβlβ−troαβHm₆tβri₆lHγorH
supβr−₆p₆−itorWH2019UH[bUHbaZZVbaZe 3

427 ]qHhiβr₆r−hi−₆lHporousHpu“HγlowβrVαispβrsβαHp{”H₆rr₆ysHonHni−kβlHγo₆mH₆sH₆H₈inαβrVγrββHβlβ−troαβH
γorHsupβr−₆p₆−itorsWH2019UHa]UHZYfYcVZYfZa 21

426 †rβp₆r₆tionHoγHzin−Hsulγiαβmrβαu−βαHδr₆phβnβHoxiαβHn₆no−ompositβsHwithHβnh₆n−βαHβnβrδyH
stor₆δβHpβrγorm₆n−βWH2019UHZ]aUHa]VbZ 10

425
rlβ−trospunH₆nαHhyαrothβrm₆lHtβ−hniquβsHtoHsynthβsizβHthβH−₆r₈onV−o₆tβαHni−kβlHsulγiαβH
mi−rosphβrβsX−₆r₈onHn₆noγi₈βrsHn₆no−ompositβHγorHhiδhHpβrγorm₆n−βHliquiαVst₆tβHsol₆rH−βllsWH2019UH
Zd]UHZYdY[c

9

424 vnH“ituH”r₆nsmissionHrlβ−tronHzi−ros−opyHγorHrnβrδyHz₆tβri₆lsH₆nαHqβvi−βsWH2019UH]ZUHβZfYYcYe 53

423 {₆noshββtsH₆ssβm₈lβαHintoHni−kβlHsulγiαβHn₆nosphβrβsHwithHβnri−hβαH{i]TH₆−tivβHsitβsHγorHβγγi−iβntH
w₆tβrVsplittinδH₆nαHzin−â��₆irH₈₆ttβriβsWH2019UHdUH[]dedV[]df] 46

422 “ynthβsisHoγHironHsulγiαβHthinHγilmsH₆nαHpowαβrsHγromHnβwHx₆nth₆tβHprβ−ursorsWH2019UHb[[UHZdbVZe[ 4

421 ’β−βntHproδrβssHinHpof“eV₈₆sβαHm₆tβri₆lsHγorHhyαroδβnH₆nαHoxyδβnHβlβ−tro−₆t₆lysisWH2019UHdUHZcYceVZcYee 66

420 ponstru−tinδHpo}Xpo]“aHuβtβrostru−turβsHrm₈βααβαHinH{VαopβαHp₆r₈onHsr₆mβworksHγorH
uiδhV†βrγorm₆n−βH“oαiumVvonHo₆ttβriβsWH2019UH[fUHZfYZf[b 105

419 nHz}sVmβαi₆tβαHstr₆tβδyHγorH−onstru−tinδHhum₆nH₈₆−k₈onβVlikβHpozo“]m{VαopβαH−₆r₈onH
n₆nostru−turβsHwithHmultiplβHvoiαsH₆sH₆HsupβriorH₆noαβHγorHsoαiumVionH₈₆ttβriβsWH2019UHdUHZ]dbZVZ]dcZ 52

418 ’β−βntH₆αv₆n−βsHoγHporousHtr₆nsitionHmβt₆lV₈₆sβαHn₆nom₆tβri₆lsHγorHβlβ−tro−hβmi−₆lHβnβrδyH
−onvβrsionH₆nαHstor₆δβH₆ppli−₆tionsWH2019UHZ]UHcaVea 40

417 ’βvβ₆linδHthβHimp₆−tsHoγHmβt₆st₆₈lβHstru−turβHonHthβHβlβ−tro−hβmi−₆lHpropβrtiβsgH”hβH−₆sβHoγHzn“WH
2019UHa]ZUHdbVe] 12

416 “upβriorHlithiumVionHstor₆δβHpβrγorm₆n−βsHoγH“n}[HpowαβrsH−onsistinδHoγHhollowHn₆nopl₆tβsWH2019UH
dfdUH]eYV]ef 9

415 “−hwβγβlV₈₆siβrtβHrlβktroαβnHmitHzβhrβlβktronβnrβ₆ktionβnHγˆ…rH
’₆umtβmpβr₆turV{₆triumionβnspβi−hβrunδWH2019UHZ]ZUHZeafYVZebYa 8

414 rlβ−trophorβti−HqβpositionHoγH”inH“ulγiαβH{₆no−u₈βsH₆sHuiδhV†βrγorm₆n−βHyithiumVvonHo₆ttβryH
nnoαβsWH2019UHcUH]YafV]Ybc 11

413 “ulγurVo₆sβαHrlβ−troαβsHth₆tHsun−tionHvi₆Hzultiβlβ−tronH’β₆−tionsHγorH’oomV”βmpβr₆turβH
“oαiumVvonH“tor₆δβWH2019UHbeUHZe][aVZe]]d 46

412 nαv₆n−βαHp₆r₈onVo₆sβαHnnoαβsHγorH†ot₆ssiumVvonHo₆ttβriβsWH2019UHfUHZfYY]a] 274
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411 rxγoli₆tβαHzo“[H₆sHrlβ−troαβHγorHnllV“oliαV“t₆tβH’β−h₆rδβ₆₈lβHyithiumVvonHo₆ttβriβsWH2019UHZ[]UHZ[Z[cVZ[Z]a 35

410 rmβrδinδH₆ppli−₆tionsHoγH₈io−h₆rV₈₆sβαHm₆tβri₆lsHγorHβnβrδyHstor₆δβH₆nαH−onvβrsionWH2019UHZ[UHZdbZVZddf 265

409 oimβt₆lHphosphiαβH{iZWapoYWc†Hn₆nop₆rti−lβX−₆r₈onmHnitroδβnVαopβαHδr₆phβnβHnβtworkH₆sH
hiδhVpβrγorm₆n−βH₆noαβHm₆tβri₆lsHγorHlithiumVionH₈₆ttβriβsWH2019UHaebUHaZ]Va[[ 12

408 vmprovinδHlithiumHstor₆δβH−₆p₆₈ilityHoγHtβrn₆ryH“nV₈₆sβαHsulγiαβsH₈yHβnh₆n−inδHin₆−tivβX₆−tivβH
βlβmβntHr₆tioWH2019UH]]dUHadVbb 8

407 “βlγV₆ssβm₈lβαHthrββVαimβnsion₆lHhiβr₆r−hi−₆lHpozo}aHn₆noshββtsHonH{ipo[}aHγorH
hiδhVpβrγorm₆n−βHsupβr−₆p₆−itorWH2019UHdf]UHaZeVa[a 10

406 vnγluβn−βHoγHthiourβ₆H−on−βntr₆tionHonHthβHpu“Hn₆nostru−turβsH₆nαHiαβntiγi−₆tionHoγHthβHmostH
suitβαHβlβ−trolytβHγorHhiδhHβnβrδyHαβnsityHsupβr−₆p₆−itorWH2019UH[bUHaaYfVaa[] 14

405 {βwHinsiδhtsHintoHthβHph₆sβHβvolutionHinHpu“HαurinδHlithi₆tionH₆nαHαβlithi₆tionHpro−βssβsWH2019UHdUHZZcffVZZdYe10

404 “ynthβsisHoγH†orousH{izoH“ulγiαβHzi−rosphβrβsHγorHuiδhV†βrγorm₆n−βHqyβV“βnsitizβαH“ol₆rHpβllsH
₆nαH“upβr−₆p₆−itorWH2019UHZaUHZfbYYae 6

403 —isu₆lizβαH†ulvβriz₆tionHvi₆HrxH“ituHnn₆lysβsgH{i−kβlH“ulγiαβHnnoαβHp₆δβαHinH₆Huiβr₆r−hi−₆lHp₆r₈onWH
2019UHZccUHne]eVnead 8

402 δVp]{aHαopβαHzn“H₆sHhiδhHpβrγorm₆n−βHβlβ−troαβHm₆tβri₆lHγorHsupβr−₆p₆−itorH₆ppli−₆tionWH2019UH
[acUHeeVfZ 20

401 “upβr−₆p₆−itivβHpβrγorm₆n−βHoγHhiδhlyHαispβrsβαH₈ismuthHsulγiαβHn₆nop₆rti−lβsHinHorδ₆ni−Hm₆trixgH
”hβHrolβHoγHsulphurHsour−βWH2019UHZY]UHf]Vff 11

400 {₆notu₈βV₆ssβm₈lβαHpinβVnββαlβVlikβHpu“H₆sH₆nHβγγβ−tivβHβnβrδyH₈oostβrHγorHsoαiumVionHstor₆δβWH
2019UHdUHZYcZfVZYc[e 39

399 pof“eHβm₈βααβαHintoH{X“HαopβαH−₆r₈onH−ompositβsgHinHsituHαβriv₆tionHγromH₆Hsulγon₆tβV₈₆sβαH
mβt₆lâ��orδ₆ni−Hγr₆mβworkH₆nαHitsHβlβ−tro−hβmi−₆lHpropβrtiβsWH2019UHdUHZY]]ZVZY]]d 50

398 sorm₆tionHoγHni−kβlV−o₈₆ltHsulphiαβmδr₆phβnβH−ompositβsHwithHβnh₆n−βαHβlβ−tro−hβmi−₆lH
−₆p₆−itivβHpropβrtiβsWWH2019UHfUHcfacVcfbb 7

397 “ynthβsisHoγHznpo[}amznpo[“aH−orβXshβllHmi−roVn₆nostru−turβsHonH{iHγo₆mHγorHhiδhH
pβrγorm₆n−βH₆symmβtri−Hsupβr−₆p₆−itorsWH2019UHbdYUHd]VeY 24

396 ponstru−tinδHhypβr₈r₆n−hβαHpolymβrsH₆sH₆Hst₆₈lβHβl₆sti−Hγr₆mβworkHγorH−oppβrHsulγiαβHn₆nopl₆tβsH
γorHβnh₆n−inδHsoαiumVstor₆δβHpβrγorm₆n−βWHNanoscaleUH2019UHZZUHdZeeVdZfe 7.7 18

395 “pinβlH{ipo[“aH₆sHrx−βllβntHoiVsun−tion₆lHp₆thoαβHp₆t₆lystsHγorH’β−h₆rδβ₆₈lβHyiV}[Ho₆ttβriβsWH2019
UHZccUHsaYcVsaZ] 11

394 po₈₆ltH“ulγiαβHponγinβαHinH{VqopβαH†orousHor₆n−hβαHp₆r₈onH{₆notu₈βsHγorHyithiumVvonHo₆ttβriβsWH
2019UHZZUH[f 17
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393 “βlγVsupportβαH−orβXshβllHpo]}am{i]“[Hn₆nowirβsHγorHhiδhVpβrγorm₆n−βHsupβr−₆p₆−itorsWH2019UH
]ZZUH[[ZV[[f 42

392 pontrollβαHph₆sβHβvolutionHγromHpupo“HtoHpupo“Hhβx₆δon₆lHn₆noshββtsH₆sHoxyδβnHβvolutionH
rβ₆−tionH−₆t₆lystsWWH2019UHfUHfd[fVfd]c 5

391 “m₆llV“izβαHpu“H{₆nop₆rti−lβsX{UH“HpoVqopβαHrt}HpompositβsH₆sHthβHnnoαβHz₆tβri₆lsHγorH
uiδhV†βrγorm₆n−βHyithiumVvonHo₆ttβriβsWH2019UHcUHZfYYY]e 21

390 zorpholoδyVH₆nαH“izβVpontrollβαHs₆₈ri−₆tionHoγHpα“HγromHslowβrVyikβHtoH“phβri−₆lH“tru−turβsH₆nαH
thβirHnppli−₆tionHγorHuiδhV†βrγorm₆n−βH†hoto₆−tivityWH2019UH[YZfUH[YecV[Yf[ 4

389 py−linδVinαu−βαHstru−turβHrβγinβmβntHoγHzn}Hn₆noroαsHwr₆ppβαH₈yH{VαopβαH−₆r₈onHwithHintβrn₆lH
voiαHsp₆−βHγorH₆αv₆n−βαHlithiumVionH₆noαβsWH2019UHadfUH]ecV]fa 7

388 uiδhHr₆tβHpβrγorm₆n−βH₆nαHst₆₈ilizβαH−y−lβHliγβHoγHpo[TVαopβαHni−kβlHsulγiαβHn₆noshββtsH
synthβsizβαH₈yH₆Hs−₆l₆₈lβHmβthoαHoγHsoliαVst₆tβHrβ₆−tionWH2019UH]ccUH]]VaY 15

387 }vβrviβwHoγH−om₈oVtβ−hnoloδyHQn₆notβ−hnoloδyH₆nαHβnzymβHtβ−hnoloδyRH₆nαHitsHupα₆tβsWH2019UHZVad

386 “urγ₆−t₆ntH₆ssistβαHβlβ−trospinninδHoγH “[Hn₆noγi₈βrsH₆nαHitsHpromisinδHpβrγorm₆n−βH₆sH₆noαβH
m₆tβri₆lHoγHsoαiumVionH₈₆ttβriβsWH2019UH]Y[UH[bfV[cf 21

385 pu“H₆nαHpu[“H₆sHp₆thoαβHz₆tβri₆lsHγorHyithiumHo₆ttβriβsgHnH’βviβwWH2019UHcUH[e[bV[eaY 34

384 rlβ−tro−hβmi−₆lHpβrγorm₆n−βHoγH“₈[“]Xp{”HγrββVst₆nαinδHγlβxi₈lβH₆noαβHγorHyiVionH₈₆ttβriβsWH2019UH
baUHdZZYVdZZe 21

383 nHγ₆−ilβHinVsituH₆−tiv₆tionHoγHproton₆tβαHhistiαinβVαβrivβαHporousH−₆r₈onHγorHβlβ−tro−hβmi−₆lH
−₆p₆−itivβHβnβrδyHstor₆δβWH2019UHd]UH]ZcV][d 4

382 rnvironmβnt₆llyHγriβnαlyHroomHtβmpβr₆turβHsynthβsisHoγHhiβr₆r−hi−₆lHporousH˛–V{iQ}uR[Hn₆noshββtsH
γorHsupβr−₆p₆−itorH₆nαH−₆t₆lysisH₆ppli−₆tionsWH2019UH[ZUHbfcYVbfce 20

381 –ltr₆γinβHpo“Hntt₆−hβαHtoH†orousHvntβr−onnβ−tβαHp₆r₈onH“kβlβtonHγorH“oαiumVvonHo₆ttβriβsWH2019UH
]bUHZcaedVZcafb 18

380 ”hβHαiβlβ−tri−H₆nαH−h₆rδβVαis−h₆rδβHpβrγorm₆n−βHstuαyHoγH−₆r₈onHnitriαβHsupportβαH₈ismuthHsulγiαβH
n₆nop₆rti−lβsWH2019UHd]]UHZ]ccda 4

379 }pti−₆lH₆nαHβlβ−tri−₆lHpropβrtiβsHoγHhiδhlyHorαβrβαH˛–VUH˛‡VH₆nαH˛–HTH˛‡Vzn“HγilmsHαβpositβαH₈yHrβ₆−tivβH
sputtβrinδHtβ−hniquβWH2019UHZ[cUH[Z]ZYe 9

378 zβt₆lVorδ₆ni−Hγr₆mβworksHαβrivβαHγlowβrVlikβHpo]}aXnitroδβnHαopβαHδr₆phitβH−₆r₈onHhy₈riαHγorH
hiδhVpβrγorm₆n−βHsoαiumVionH₈₆ttβriβsWH2019UH]bUHZYYVZYe 32

377 rnh₆n−inδHthβHst₆₈ilityH₆nαH−₆p₆−it₆n−βHoγHv₆n₆αiumHoxiαβHn₆nori₈₈onsX]qVδr₆phβnβH₈inαβrVγrββH
βlβ−troαβH₈yHusinδH—}“}aH₆sHrβαoxV₆−tivβHβlβ−trolytβWH2019UH]bbUHe]YVe]f 37

376 †sβuαo−₆p₆−itivβHpof“eXδr₆phβnβHβlβ−troαβHγorHhiδhVr₆tβHhy₈riαHsupβr−₆p₆−itorsWH2019UHZaZUHZ]aVZa[ 85
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375 zoly₈αβnumH₆nαHtunδstβnH−h₆l−oδβniαβsHγorHlithiumXsoαiumVionH₈₆ttβriβsgHoβyonαHzo“[WH2019UH]]UHZYYVZ[a 133

374 p₆r₈onH“phβrβm{i−kβlHsulγiαβH−orβVshβllHn₆no−ompositβHγorHhiδhHpβrγorm₆n−βHsupβr−₆p₆−itorH
₆ppli−₆tionWH2019UHZfUH[fbV]Y[ 13

373 vnγluβn−βHoγH{iXpuHr₆tioHinHni−kβlH−oppβrH−₆r₈on₆tβHhyαroxiαβHonHthβHph₆sβH₆nαHβlβ−tro−hβmi−₆lH
propβrtiβsWH2019UHdeYUHZadVZbb 22

372 ]qHzβt₆lV’i−hHpudW[“aXp₆r₈onV“upportβαHzo“[H{₆noshββtsHγorHrnh₆n−βαHyithiumV“tor₆δβH
†βrγorm₆n−βWH2019UHcUHZabeVZacb 3

371 qβsiδninδH₆H−₆r₈onHn₆notu₈βsVintβr−onnβ−tβαHZvsVαβrivβαH−o₈₆ltHsulγiαβHhy₈riαHn₆no−₆δβHγorH
supβr−₆p₆−itorsWH2019UHdUHZadfVZafY 69

370 uiβr₆r−hi−₆lHuollowVzi−rosphβrβHzβt₆lâ��“βlβniαβmp₆r₈onHpompositβsHwithH’₆tion₆lH“urγ₆−βH
rnδinββrinδHγorHnαv₆n−βαH“oαiumH“tor₆δβWH2019UHfUHZeY]Y]b 171

369 —βrti−₆llyH“t₆nαinδHzn}[H{₆now₆llsHtrownHonHnδp{”VzoαiγiβαHp₆r₈onHsi₈βrsHγorH
uiδhV†βrγorm₆n−βH“upβr−₆p₆−itorsWH2019UHdUHccfVcde 23

368 “tru−tur₆lH₆nαHopti−₆lHpropβrtiβsHoγHn₆nostru−turβαH−oppβrHsulγiαβHsβmi−onαu−torHsynthβsizβαHinH₆nH
inαustri₆lHmillWH2019UHZ]UHZcaVZdY 16

367 puYW]]poYWcd“[Huβx₆δon₆lH“hββtsHwithH[qHuiβr₆r−hi−₆lH“tru−turβsHγorHuiδhV’₆tβH₆nαHyonδV”βrmH
yithiumH“tor₆δβWH2019UHbUHb]ZVb]e 3

366 ’βsor−inolVsorm₆lαβhyαβH’βsinVpo₆tβαH†russi₆nHoluβHporβV“hβllH“phβrβsH₆nαH”hβirHqβrivβαH–niquβH
­olkV“hβllHsβ“mpH“phβrβsHγorHyithiumVvonHo₆ttβriβsWH2019UHbeUHZ]]YVZ]]e 32

365 †hysi−₆lH−onγinβmβntH₆nαH−hβmi−₆lH₆αsorptionHoγHporousHpXp{”Hmi−roXn₆noVsphβrβsHγorHpo“H₆nαH
pof“eH₆sH₆αv₆n−βαHlithiumH₈₆ttβriβsH₆noαβsWH2019UH[ffUHaefVaff 17

364 †orousH{i]“aXpH₆βroδβlsHαβrivβαHγromH−₆rr₆δββn₆nV{iHhyαroδβlsHγorHhiδhVpβrγorm₆n−βHsoαiumVionH
₈₆ttβriβsH₆noαβWH2019UH[ffUHd[Vdf 27

363
’₆tion₆lHqβsiδnHγorHthβH“ynthβsisHoγHruropiumH—₆n₆α₆tβVrn−₆psul₆tβαHtr₆phβnβH}xiαβH
{₆no−ompositβgHnnHrx−βllβntH₆nαHrγγi−iβntHp₆t₆lystHγorHthβHrlβ−tro−hβmi−₆lHqβtβ−tionHoγH
plioquinolWH2019UHdUHaZ]cVaZac

40

362 rlβ−tro−₆t₆lyti−H}xiα₆tionHoγHaVnminophβnolHzolβ−ulβsH₆tHthβH“urγ₆−βHoγH₆nHsβ“HXp₆r₈onH{₆notu₈βH
zoαiγiβαHtl₆ssyHp₆r₈onHrlβ−troαβHinHnquβousHzβαiumWH2019UHeaUHZdbVZe[ 34

361 ]qHporousHhyαr₆tβαH−o₈₆ltHpyrov₆n₆α₆tβHmi−roγlowβrsHwithHβx−βllβntH−y−linδHst₆₈ilityH₆sH−₆thoαβH
m₆tβri₆lsHγorH₆symmβtri−Hsupβr−₆p₆−itorWH2019UHacfUHZZeVZ[a 21

360 zβt₆lH}xynitriαβsH₆sH†romisinδHrlβ−troαβHz₆tβri₆lsHγorH“upβr−₆p₆−itorHnppli−₆tionsWH2019UHcUHZ[bbVZ[d[ 23

359 {itroδβnXsulγurHαu₆lVαopinδHoγHrβαu−βαHδr₆phβnβHoxiαβHh₆rvβstinδHhollowHZn“n“]H
n₆noVmi−ro−u₈βsHwithHsupβriorHsoαiumHstor₆δβWH2019UHbdUHaZaVa[] 151

358 uiβr₆r−hi−₆lH{ipo†Hn₆noshββtH₆rr₆ysHwithHβnh₆n−βαHβlβ−tro−hβmi−₆lHpropβrtiβsHγorH
hiδhVpβrγorm₆n−βHwβ₆r₆₈lβHhy₈riαH−₆p₆−itorsWH2019UHdeZUHde]Vdef 12
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357 s₆−ilβHsynthβsisHoγHmβt₆lHαisulγiαβsHn₆nop₆rti−lβsHβn−₆psul₆tβαH₈yH₆morphousH−₆r₈onH−ompositβsH
₆sHhiδhVpβrγorm₆n−βHβlβ−troαβHm₆tβri₆lsHγorHlithiumHstor₆δβWH2019UHdd]UHfdVZYa 11

356 “tru−tur₆lH₆nαH−hβmi−₆lHsynβrδisti−Hβγγβ−tHoγH{ipo[“aHn₆nop₆rti−lβsH₆nαH−₆r₈onH−lothHγorHhiδhH
pβrγorm₆n−βH₈inαβrVγrββH₆symmβtri−Hsupβr−₆p₆−itorsWH2019UHacbUHc]bVca[ 46

355 “t₆nnousHsulγiαβHn₆nop₆rti−lβsHγorHsupβr−₆p₆−itorH₆ppli−₆tionWH2019UHad[UHZZ[VZZd 14

354 tr₆phβnβVs−rollVshβ₆thβαH˛–Vzn“H−o₆xi₆lHn₆no−₆₈lβsHβm₈βααβαHinH{UH“HpoVαopβαHδr₆phβnβHγo₆mH₆sH
]qHhiβr₆r−hi−₆llyHorαβrβαHβlβ−troαβsHγorHβnh₆n−βαHlithiumHstor₆δβWH2019UHZcUHacVbb 110

353 †rβp₆r₆tionH₆nαH−h₆r₆−tβriz₆tionHoγHpα“XZn“H−orβVshβllHn₆nop₆rti−lβsWH2020UHaZUHd[bVd][ 3

352 vnVsituHδrowthHoγHvβrti−₆llyH₆liδnβαHni−kβlH−o₈₆ltHsulγiαβHn₆nowirβsHonH−₆r₈onHn₆notu₈βHγi₈βrsHγorH
hiδhH−₆p₆−it₆n−βH₆llVsoliαVst₆tβH₆symmβtri−Hγi₈βrVsupβr−₆p₆−itorsWH2020UHaZUH[YfV[Zb 45

351 †olymβrsHγorHsupβr−₆p₆−itorsgHooostinδHthβHαβvβlopmβntHoγHthβHγlβxi₈lβH₆nαHwβ₆r₆₈lβHβnβrδyH
stor₆δβWH2020UHZ]fUHZYYb[Y 80

350 ’β−βntHn₆noshββtV₈₆sβαHm₆tβri₆lsHγorHmonov₆lβntH₆nαHmultiv₆lβntHionsHstor₆δβWH2020UH[bUH]e[VaY] 11

349 }nβVstβpHsynthβsisHoγHrβ−ovβr₆₈lβHpupo[“aH₆noαβHm₆tβri₆lHγorHhiδhVpβrγorm₆n−βHyiVionH₈₆ttβriβsWH
2020UHZaUHbfbVcYa 3

348 {₆tur₆lHpβllulosβHqβrivβαH{₆no−ompositβsH₆sHnnoαi−Hz₆tβri₆lsHγorHyithiumVvonHo₆ttβriβsWH2020UH[YUHZedV[Ye 9

347 ’₆tion₆lHqβsiδnHoγH{₆nostru−turβαHrlβ−troαβHz₆tβri₆lsHtow₆rαHzultiγun−tion₆lH“upβr−₆p₆−itorsWH
2020UH]YUHZfY[bca 134

346 nH“βlγVor₆n−hβαHy₆min₆tionHoγHuiβr₆r−hi−₆lH†₆tronitβH{₆no₆r−hitβ−turβsHonHp₆r₈onHsi₈βrHplothH₆sH
{ovβlHrlβ−troαβHγorHvoni−HyiquiαHrlβ−trolytβVo₆sβαHuiδhHrnβrδyHqβnsityH“upβr−₆p₆−itorsWH2020UH]YUHZfYcbec 38

345 pof“eHn₆nop₆rti−lβsHβm₈βααβαHinHmultiplβHαopβαH₆nαHβlβ−trospunHhollowH−₆r₈onHn₆noγi₈βrsH₆sH
₈iγun−tion₆lHoxyδβnHβlβ−tro−₆t₆lystsHγorHrβ−h₆rδβ₆₈lβHzin−V₆irH₈₆ttβryWH2020UH[ceUHZZea]d 68

344 uiδhVpβrγorm₆n−βHsymmβtri−Hsupβr−₆p₆−itorHαβvi−βH₈₆sβαHonH−₆r₈onizβαHironVpoly₆nilinβXni−kβlH
δr₆phβnβHγo₆mWH2020UHeZfUHZb[ff] 20

343 ]qH−orβVshβllHpistilVlikβHznpo[}aWbXpoly₆nilinβHn₆no−ompositβsH₆sHhiδhHpβrγorm₆n−βH
supβr−₆p₆−itorHβlβ−troαβsWH2020UH[dUHc]ZVcaa 7

342 “βnsi₈lβHαβsiδnHoγHopβnVporousHsphβri−₆lH₆r−hitβ−turβsHγorHhy₈riαHsupβr−₆p₆−itorsHwithHimprovβαH
hiδhVr₆tβH−₆p₆₈ilityWH2020UH[YUHaZfVa[a 12

341 rlβ−trospunHv₆n₆αiumHsulγiαβHXH−₆r₈onHhy₈riαHγi₈βrsHo₈t₆inβαHvi₆HonβVstβpHthβrm₆lHsulγiα₆tionHγorH
usβH₆sHlithiumVionH₈₆ttβryHβlβ−troαβsWH2020UHabYUH[[dcda 15

340 rlβ−tro−hβmi−₆lHsupβr−₆p₆−itivβHstuαiβsHoγH−hβmi−₆llyHαβpositβαHpoZV{iH“HthinHγilmsWH2020UHZYdUHZYadff 6
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339 “upβr−₆p₆−itivβH†βrγorm₆n−βsHoγH”βrn₆ryHpupo“H“ulγiαβsWH2020UHbUHZ]YbVZ]ZZ 33

338 zβt₆lâ��orδ₆ni−Hγr₆mβworkHtβmpl₆tβαHγ₆₈ri−₆tionHoγHpud“am{iQ}uR[H−orβâ��shβllHn₆no₆rr₆ysHγorH
hiδhVpβrγorm₆n−βHsupβr−₆p₆−itorsWH2020UHdUHa[dVa]c 8

337 s₆−ilβHsynthβsisHoγHn₆nop₆rti−lβsH₆n−horβαHonHhonβy−om₈VlikβHznpo[“aHn₆nostru−turβsH₆sH₆H
₈inαβrVγrββHβlβ−tro₆−tivβHm₆tβri₆lHγorHsupβr−₆p₆−itorsWH2020UH[dUHZYZZbf 16

336 †yritβHâ��postβHrβst₆ntβâ��gHvntr₆Vαi₆tomHγr₆m₈oiαsWH2020UH][UH[f]V[fa 1

335 {i−kβlV−oppβrHδr₆phβnβHγo₆mHprβp₆rβαH₈yH₆tmosphβri−HprβssurβH−hβmi−₆lHv₆pourHαβpositionHγorH
supβr−₆p₆−itorH₆ppli−₆tionsWH2020UH]e]UHZ[b[]Y 16

334 ’₆tion₆lHαβsiδnHoγHintβrl₆−βαHpof“eX−₆r₈onH−ompositβsHγromHZvsVcdX−βllulosβHn₆noγi₈βrsHγorH
βnh₆n−βαHlithiumHstor₆δβWH2020UHeZeUHZb[fZZ 18

333 rxplorinδHthβH₈₆−tβri−iα₆lHpβrγorm₆n−βH₆nαH₆ppli−₆tionHoγHnovβlHmimi−HβnzymβHpo“WH2020UHbcZUH][dV]]d 5

332 nHlowVtβmpβr₆turβVopβr₆tβαHαirβ−tHγ₆₈ri−₆tionHmβthoαHγorH₆llVsoliαVst₆tβHγlβxi₈lβH
mi−roVsupβr−₆p₆−itorsWH2020UHaaeUH[[daZb 8

331 qβvβlopmβntHoγH₆nHβγγi−iβntH−₆t₆lystHwithH−ontrollβαHsulγurHv₆−₆n−iβsH₆nαHhiδhHpyriαinβHnitroδβnH
−ontβntHγorHthβHphotoβlβ−tro−hβmi−₆lHrβαu−tionHoγHp}HintoHmβth₆nolWH2020UHdY[UHZ]afeZ 8

330 nH−βllulosβHsu₈st₆n−βHαβrivβαHn₆noγi₈rousHpo“â��n₆nop₆rti−lβX−₆r₈onH−ompositβH₆sH₆H
hiδhVpβrγorm₆n−βH₆noαi−Hm₆tβri₆lHγorHlithiumVionH₈₆ttβriβsWH2020UHaaUHZeacVZebd 11

329
rnδinββrinδHn₆noVhβtβrostru−turβαHβlβ−troαβsH₈₆sβαHonHpolypyrrolβHn₆nowirβsm{i]“[Hn₆noshββtsH
₆nαHzo}[Hn₆nop₆rti−lβsVαβ−or₆tβαH{VαopβαH−₆r₈onHn₆notu₈βsHtow₆rαsHhiδhVpβrγorm₆n−βH
soliαVst₆tβH₆symmβtri−Hsupβr−₆p₆−itorsWH2020UHe[YUHZb]]ca

7

328 uiβr₆r−hi−₆llyHporousH{ipo[“aHn₆nowirβsH₆n−horβαHonHγlβxi₈lβHβlβ−trospunHδr₆phiti−Hn₆noγi₈βrHγorH
hiδhVpβrγorm₆n−βHδlu−osβH₈iosβnsinδWH2020UHeZfUHZb]]dc 16

327 †orousHpyrrhotitβHsβ“Hn₆nowirβX“i}XnitroδβnVαopβαH−₆r₈onHm₆trixHγorHhiδhVpβrγorm₆n−βH
yiVionV₈₆ttβryH₆noαβsWH2020UHbcZUHeYZVeYd 42

326 nHαirβ−tVwritβHmβthoαHγorHprβp₆rinδH₆H₈imβt₆lHsulγiαβXδr₆phβnβH−ompositβH₆sH₆HγrββVst₆nαinδH
βlβ−troαβHγorHhiδhVpβrγorm₆n−βHmi−rosupβr−₆p₆−itorsWWH2020UHZYUH]bafYV]bafe

325 “βmi−onαu−torVtr₆γtβαH†olymβrVrm₈βααβαH’βαu−βαHtr₆phβnβV}xiαβH{₆nohy₈riαHγorH
†owβrVrγγi−iβntH{onvol₆tilβH’βsistivβHzβmoryHnppli−₆tionsWH2020UH]UHZZbc[VZZbd] 3

324 nH{₆no−ompositβHoγH“impH{₆nosphβrβH₆nαHuollowH†orousHpof“eXpH†olyhβαronH₆sH
uiδhV†βrγorm₆n−βHnnoαβHγorHyithiumVvonHo₆ttβryWH2020UHdUHaa[]Vaa]Y 4

323 †inninδHultr₆sm₆llHδrβiδitβHn₆nop₆rti−lβsHonHδr₆phβnβHγorHβγγβ−tivβHtr₆nsitionVmβt₆lVsulγiαβH
supβr−₆p₆−itorsHinH₆nHioni−HliquiαHβlβ−trolytβWH2020UHeUH[bdZcV[bd[c 7

322 ’₆tion₆lHsynthβsisHoγHpud“βaVpuxpoZVx“β[Hαou₈lβVshβllHhollowHn₆nosphβrβsHγorHhiδhHpβrγorm₆n−βH
supβr−₆p₆−itorsWH2020UHaeYUH[[edaZ 22
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321 “oliαV“t₆tβHpV“HpouplinδHinH{i−kβlH}rδ₆no−h₆l−oδβniαβHsr₆mβworksH₆sH₆H’outβHtoHuiβr₆r−hi−₆lH
“tru−turβH”r₆nsγβrHtoHoin₆ryH{₆nom₆tβri₆lsWH2020UHbfUHZYe]bVZYeaa 2

320 ”hrββVαimβnsion₆lHnitroδβnHαopβαHhiβr₆r−hi−₆llyHporousH−₆r₈onH₆βroδβlsHwithHultr₆hiδhHspβ−iγi−H
surγ₆−βH₆rβ₆HγorHhiδhVpβrγorm₆n−βHsupβr−₆p₆−itorsH₆nαHγlβxi₈lβHmi−roVsupβr−₆p₆−itorsWH2020UHZceUHdYZVdYf 43

319
nHhiδhVthrouδhputH₆ssβssmβntHoγHthβH₆αsorptionH−₆p₆−ityH₆nαHyiVionHαiγγusionHαyn₆mi−sHinH
zoV₈₆sβαHorαβrβαHαou₈lβVtr₆nsitionVmβt₆lHzXβnβsH₆sH₆noαβHm₆tβri₆lsHγorHγ₆stV−h₆rδinδHyvosWH
NanoscaleUH2020UHZ[UH[abZYV[ab[c

7.7 7

318 ]qHprintinδHoγHmβt₆lV₈₆sβαHm₆tβri₆lsHγorHrβnβw₆₈lβHβnβrδyH₆ppli−₆tionsWH2020UHZaUH[ZYb 10

317 –nvβilinδHthβHmi−ros−opi−HoriδinHoγH₆symmβtri−Hph₆sβHtr₆nsγorm₆tionsHinHQαβRsoαi₆tβαH“₈[“β]HwithH
inHsituHtr₆nsmissionHβlβ−tronHmi−ros−opyWH2020UHddUHZYb[ff 5

316 ”ruβHzβ₆ninδHoγH†sβuαo−₆p₆−itorsH₆nαH”hβirH†βrγorm₆n−βHzβtri−sgHnsymmβtri−HvβrsusHuy₈riαH
“upβr−₆p₆−itorsWH2020UHZcUHβ[YY[eYc 142

315 slowβrVlikβH{ipo[“aHn₆noshββtsHwithHhiδhHβlβ−tro−hβmi−₆lHpβrγorm₆n−βHγorHsoαiumVionH₈₆ttβriβsWH
2020UHZ]UH]YaZV]Yad 25

314 qβsiδnUHsynthβsisUH₆nαH₆ppli−₆tionHoγHmβt₆lHsulγiαβsHγorHyiâ��“H₈₆ttβriβsgHproδrβssH₆nαHprospβ−tsWH2020
UHeUHZdeaeVZdee[ 32
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240 zoVαopβαHinαu−βαH₆morphousHph₆sβH₆nαHsulγurHv₆−₆n−yHhβ₆linδHinH—“aHγorHβnh₆n−inδHthβHstor₆δβH
oγHlithiumHionsWH2021UHfUHZZYYVZZYf 9

239 rlβ−tro−hβmi−₆lHpβrγorm₆n−βHoγH−oinH−βllVtypβHsymmβtri−Hsupβr−₆p₆−itorHβlβ−troαβH−onsistinδHoγH
thrββVαimβnsion₆lHmoly₈αβnumHαisulγiαβHmi−roγlowβrsWH2021UH[ebUHZ[f[Y] 1

238 ’β−βntH”₆−ti−sH₆nαHnαv₆n−βsHinHthβHnppli−₆tionHoγHzβt₆lH“ulγiαβsH₆sHuiδhV†βrγorm₆n−βHnnoαβH
z₆tβri₆lsHγorH’β−h₆rδβ₆₈lβH“oαiumVvonHo₆ttβriβsWH2021UH]ZUH[YYcdcZ 26

237 srββVst₆nαinδH“n“X−₆r₈onizβαH−βllulosβHγilmH₆sHαur₆₈lβH₆noαβHγorHlithiumVionH₈₆ttβriβsWH2021UH[bbUHZZdaYY 13

236 nllVsoliαVst₆tβH₆symmβtri−Hsupβr−₆p₆−itorHwithHz p{”V₈₆sβαHhollowH{ipo[}aHpositivβHβlβ−troαβH
₆nαHporousHpu[ “aHnβδ₆tivβHβlβ−troαβWH2021UHaZbUHZ[eZee 7

235 ”hβHr₆tion₆lHαβsiδnHoγHhiβr₆r−hi−₆lHpo“[Xpupo[“aHγorHthrββVαimβnsion₆lH₆llVsoliαVst₆tβHhy₈riαH
supβr−₆p₆−itorsHwithHhiδhHβnβrδyHαβnsityUHr₆tβHβγγi−iβn−yUH₆nαHopβr₆tion₆lHst₆₈ilityWH2021UHbUHfd]Vfeb 14

234
zβt₆lH−h₆l−oδβniαβV₆sso−i₆tβαH−₆t₆lystsHβn₆₈linδHp}[Hβlβ−trorβαu−tionHtoHproαu−βHlowV−₆r₈onH
γuβlsHγorHβnβrδyHstor₆δβH₆nαHβmissionHrβαu−tiongH−₆t₆lystHstru−turβUHmorpholoδyUHpβrγorm₆n−βUH₆nαH
mβ−h₆nismWH2021UHfUH[b[cV[bbf

8

233 nαv₆n−βmβntHoγHtβ−hnoloδyHtow₆rαsHhiδhVpβrγorm₆n−βHnonV₆quβousH₆luminumVionH₈₆ttβriβsWH2021
UHbdUHZcfVZee 7

232 ”₆ilorinδH−₆αmiumHsulγiαβV₈₆sβαHphoto−₆t₆lyti−Hn₆nom₆tβri₆lsHγorHw₆tβrHαβ−ont₆min₆tiongH₆H
rβviβwWH2021UHZfUH[dZV]Yc 51
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231 ’β−βntH₆αv₆n−βsH₆nαHthβHαβsiδnH−ritβri₆HoγHmβt₆lHsulγiαβHphoto−₆thoαβsH₆nαHphoto₆noαβsHγorH
photoβlβ−tro−₆t₆lysisWH2021UHfUH[Y[ddV[Y]Zf 7

230 ”r₆nsitionHmβt₆lHsulγiαβsHγorHsupβr−₆p₆−itorsWH2021UHaYdVaab 1

229 {₆nostru−turβαH−oppβrHsulphiαβHγilmsHαβpositβαHγromH₆Hprβ−ursorH₈₆thHprβp₆rβαHusinδH’}Hw₆tβrWH
2021UH[UHYZYYY]

228 nHδ₆lli−H₆−iαH₈₆sβαHmβt₆lHorδ₆ni−Hγr₆mβworkHαβrivβαH{i“XpH₆noαβHγorHsoαiumHionH₈₆ttβriβsWH 2

227 z}sVαβrivβαHporβV“hβllHpo†m{pm”i}[HpompositβH₆sH₆HuiδhV†βrγorm₆n−βHnnoαβHz₆tβri₆lHγorH
yiVionHo₆ttβriβsWH2021UHZcUH][[V][e 6

226 “ust₆in₆₈lβHγun−tion₆lHm₆tβri₆lsHγorHnβxtVδβnβr₆tionHsupβr−₆p₆−itorsWH2021UH]V[c

225 ’₆tion₆llyHαβsiδnβαHyolkâ��shβllHpof“eâ��poZâ��x“HhollowHsphβrβsHγorH₆αv₆n−βαHsoαiumVionHstor₆δβWH 1

224 zβt₆lH“ulγiαβH{₆nop₆rti−lβH“ynthβsisHwithHvoni−HyiquiαsHVH“t₆tβHoγHthβHnrtH₆nαHsuturβH†βrspβ−tivβsWH
2021UHZYUH[d[V[fb 3

223 po]“aH{₆nopl₆tβHnrr₆ysHqβ−or₆tβαHwithH}xyδβnVqβγi−iβntHpβ}[H{₆nop₆rti−lβsHγorH“upβr−₆p₆−itorH
nppli−₆tionsWH2021UHaUH]Y]]V]Ya] 13

222 {ovβlHhyαrothβrm₆lHsynthβsisHoγHtimβVv₆ri₆ntHtunδstβnHαisulγiαβHβlβ−troαβHm₆tβri₆lHγorH
hiδhVpβrγorm₆n−βHsupβr−₆p₆−itorsWH2021UH]aUHZY[Zfd 5

221 qβpositinδHn₆tur₆lHsti₈nitβHonH]qH”i}[Hn₆notu₈βH₆rr₆yHnβtworksH₆sHhiδhVpβrγorm₆n−βHthinVγilmH
₆noαβHγorHlithiumVionH₈₆ttβriβsWH2021UHaYUH][Zb 2

220 qβsiδnHoγHzβt₆lsH“ulγiαβsHwithHp₆r₈onHz₆tβri₆lsHγorH“upβr−₆p₆−itorHnppli−₆tionsgHnH’βviβwWH2021UHfUH[YYYfed 13

219 ’β−βntH†roδrβssHinHporβm“hβllH“ulγiαβHrlβ−troαβHz₆tβri₆lsHγorHnαv₆n−βαH“upβr−₆p₆−itorHqβvi−βsWH
2021UHaUHZ]fdVZa[d 7

218 ]qHuiβr₆r−hi−₆lH{₆no−ryst₆llinβHpu“Hp₆thoαβHγorHyithiumHo₆ttβriβsWH2021UHZaUH 3

217 nnHrnβrδβti−Hpu“VpuHo₆ttβryH“ystβmHo₆sβαHonHpu“H{₆noshββtHnrr₆ysWH2021UHZbUHba[YVba[d 20

216 trββnHsynthβsisHoγHni−kβlVm₆nδ₆nβsβXpoly₆nilinβV₈₆sβαHtβrn₆ryH−ompositβsHγorHhiδhVpβrγorm₆n−βH
supβr−₆p₆ttβryHαβvi−βsWH2021UHabUHZZZYfVZZZ[[ 9

215 qβsiδninδH₆nHvntβrl₆yβrV iαβnβαHzo“[V†₆−kβαH{itroδβnV’i−hHp₆r₈onH{₆notu₈βHporβâ��“hβllH
“tru−turβHγorH’βαoxVzβαi₆tβαH‘u₆siV“oliαV“t₆tβH“upβr−₆p₆−itorsWH2021UHaUH[[ZeV[[]Y 7

214 –ltr₆sm₆llHsβ“H{₆nop₆rti−lβsVqβ−or₆tβαHp₆r₈onH“phβrβsHwithHy₆sβrVzβαi₆tβαHsβrrousHvonH’βlβ₆sβH
γorHnnti₈₆−tβri₆lH”hβr₆pyWH2021UHZdUHβ[YYbad] 11
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213 zoly₈αβnumHsulγiαβV₈₆sβαHsupβr−₆p₆−itorsgHsromHsynthβti−UH₈i₈liomβtri−UH₆nαHqu₆lit₆tivβH
pβrspβ−tivβsWH2021UHabUHZ[ccbVZ[cf[ 3

212 rnh₆n−inδHthβHp₆p₆−ityH₆nαH“t₆₈ilityHoγH₆H”unδstβnHqisulγiαβHnnoαβHinH₆HyithiumVvonHo₆ttβryH–sinδH
rx−βssH“ulγurWH2021UHZ]UH[Y[Z]V[Y[[Z 1

211 puVqβpβnαβntHnquβousH“olutionVtrownHuiδhlyH{₆no−ryst₆llinβH{i−kβlHpo₈₆ltH“ulγiαβsHQ{ipo[“aRWH
2021UHa[UHeef 1

210 zi−roγluiαi−sHγorHγlβxi₈lβHβlβ−troni−sWH2021UHaaUHZYbVZ]b 26

209 pα“Hn₆noshββtsH₆sHβlβ−troαβHm₆tβri₆lsHγorH₆llHpsβuαo−₆p₆−itivβH₆symmβtri−Hsupβr−₆p₆−itorsWH2021UH
aaUHZ 1

208 ’β−βntHαβvβlopmβntsHinH−βntriγuδ₆llyHspunH−ompositβHγi₈βrsH₆nαHthβirHpβrγorm₆n−βH₆sH₆noαβH
m₆tβri₆lsHγorHlithiumVionH₆nαHsoαiumVionH₈₆ttβriβsWH2021UH[ccUHZZbY[a 7

207 rlβ−troni−H₆nαHm₆δnβti−HpropβrtiβsHoγHtwoVαimβnsion₆lHoγHsβXHQXHjH“UH“βUH”βRHmonol₆yβrsH−ryst₆llizβH
inHthβHorthorhom₈i−Hstru−turβsWH2021UHZZeUHZa]ZY[ 21

206 vmprovβαHlithiumVionH₈₆ttβryHpβrγorm₆n−βH₈yHintroαu−inδHoxyδβnV−ont₆ininδHγun−tion₆lHδroupsH₈yH
pl₆sm₆Htrβ₆tmβntWH2021UH][UH 3

205 –niγormHδrowthHoγHZn“Hn₆noγl₆kβsHγorHhiδhVpβrγorm₆n−βHsupβr−₆p₆−itorH₆ppli−₆tionsWH2021UH]cUHZY[aYe 15

204 qithio−₆r₈₆m₆tβHpomplβxβsH₆sH“inδlβH“our−βH†rβ−ursorsHtoH{₆nos−₆lβHoin₆ryUH”βrn₆ryH₆nαH
‘u₆tβrn₆ryHzβt₆lH“ulγiαβsWH2021UHZ[ZUHcYbdVcZ[] 30

203 ph₆l−oδβniαβHqop₆ntVvnαu−βαHy₆tti−βHrxp₆nsionHinHpo₈₆ltH—₆n₆αiumH}xiαβH{₆noshββtsHγorH
rnh₆n−βαH“upβr−₆p₆−itorH†βrγorm₆n−βWH2021UHaUHadbeVaddZ 5

202 nmorphousHph₆sβHinαu−βαHhiδhHphosphorousVαopinδHinHα₆nαβlionVlikβH−o₈₆ltHsulγiαβsHγorHβnh₆n−βαH
₈₆ttβryVsupβr−₆p₆−itorHhy₈riαHαβvi−βWH2021UHeefUHZZb[]Z 6

201 ’β−βntH₆αv₆n−βsHoγHβlβ−tro−hβmi−₆lHsβnsorsHγorHαβtβ−tinδH₆nαHmonitorinδH’}“X’{“WH2021UHZdfUHZZ]Yb[ 19

200 {isβ[}aX“i}[Hn₆nostru−turβsH₆sH₆Hpotβnti₆lHβlβ−troαβHm₆tβri₆lHγorHhiδhHr₆tβαHsupβr−₆p₆−itorsWH
2021UHadUHZ[bbdVZ[bcc 14

199 rmβrδβn−βHoγH{iVo₆sβαHph₆l−oδβniαβsHQ“H₆nαH“βRHγorHplβ₆nHrnβrδyHponvβrsionH₆nαH“tor₆δβWH2021UH
ZdUHβ[ZYY]cZ 6

198 ”r₆nsγorm₆tionHoγHwhβ₆tHhuskHtoH]qH₆−tiv₆tβαH−₆r₈onX{ipo[“aHγr₆mβworksHγorHhiδhVr₆tβH
₆symmβtri−₆lHsupβr−₆p₆−itorsWH2021UH]dUHZY[add 11

197 uyαrothβrm₆lHsynthβsisHoγHpu“Hn₆no−hipsH₆nαHthβirHn₆nohy₈riαsHwithHp{”sHγorHβlβ−tro−hβmi−₆lH
βnβrδyHstor₆δβH₆ppli−₆tionsWH2021UHadUHZ]cZ]VZ]c[Z 25

196 nHnovβlH₈inαβrHγrββHhiδhHpβrγorm₆n−βH­[Zr[}dXzn“Hn₆no−ompositβHβlβ−troαβHγorHsupβr−₆p₆−itorH
₆ppli−₆tionsWH2021UH]dUHZY[bYb 5
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195 “ynthβsisH₆nαHnppli−₆tionsHoγH{₆nostru−turβαHuollowH”r₆nsitionHzβt₆lHph₆l−oδβniαβsWH2021UHZdUHβ[YYceZ] 7

194 ”r₆nsitionHmβt₆lH₈₆sβαHtβrn₆ryHhiβr₆r−hi−₆lHmβt₆lHsulphiαβHmi−rosphβrβsH₆sHβlβ−tro−₆t₆lystHγorH
splittinδHoγHw₆tβrHintoHhyαroδβnH₆nαHoxyδβnHγuβlWH2021UH 0

193 ntomi−Hy₆yβrHqβpositionHoγHvronUHpo₈₆ltUH₆nαH{i−kβlHph₆l−oδβniαβsgH†roδrβssH₆nαH}utlookâ� WH2021UH
]]UHc[bZVc[ce 4

192
{VqopβαHp₆r₈onH{₆noγi₈βrsHrn−₆psul₆tinδHpo}mpof“eH{₆nop₆rti−lβsgH†rβp₆r₆tionHγromH“V’i−hH
po][Hpoorαin₆tionHplustβrH†rβ−ursorsH₈yHrlβ−trospinninδH₆nαHnppli−₆tionHγorH“upβriorHyiVionH
“tor₆δβWHZ

1

191 nllV“oliαV“t₆tβHyiVvonHo₆ttβriβsH–sinδH₆Hpom₈in₆tionHoγH“₈[“]Xyi[“V†[“bXn−βtylβnβHol₆−kH₆sHthβH
rlβ−troαβHpompositβH₆nαHyiouaH₆sHthβHrlβ−trolytβWH2021UHaUHc[cfVc[dc 1

190 zi−row₆vβV₆ssistβαHαβ−or₆tionHoγH−ottonHγ₆₈ri−sHwithH{i−kβlVpo₈₆ltHsulγiαβH₆sH₆Hwβ₆r₆₈lβHδlu−osβH
sβnsinδHpl₆tγormWH2021UHefYUHZZb[aa 11

189 pomp₆r₆tivβHstuαyHonHsupβr−₆p₆−itivβH₆nαHoxyδβnHβvolutionHrβ₆−tionH₆ppli−₆tionsHoγHhollowH
n₆nostru−turβαH−o₈₆ltHsulγiαβsWH2021UH][UH 1

188 nmorphousHmoly₈αβnumHsulγiαβm−₆r₈onHn₆now₆llsHhiβr₆r−hi−₆lHstru−turβsHβlβ−troαβHwithHl₆rδβH
₆rβ₆lH−₆p₆−it₆n−βHγorHmi−roVsupβr−₆p₆−itorsWH2021UHZ[dUHZ

187 ”r₆nsitionHmβt₆lHnitriαβHβlβ−troαβsH₆sHγuturβHβnβrδyHstor₆δβHαβvi−βsgHnHrβviβwWH2021UH[dUHZY[]c] 9

186 s₆−ilβHsynthβsisHoγH−oppβrHoxiαβHn₆nop₆rti−lβsVαβ−or₆tβαHpoly₆nilinβHn₆noγi₈βrsHwithHβnh₆n−βαH
βlβ−tro−hβmi−₆lHpβrγorm₆n−βH₆sHsupβr−₆p₆−itorHβlβ−troαβWH2021UH][UHaYdYVaYeZ 3

185 †βrγorm₆n−βH₆nαHγuturβHαirβ−tionsHoγHtr₆nsitionHmβt₆lHsulγiαβV₈₆sβαHβlβ−troαβHm₆tβri₆lsHtow₆rαsH
supβr−₆p₆−itorXsupβr−₆p₆ttβryWHβaZa 0

184 rlβ−tro−hβmi−₆lH†ropβrtiβsH₆nαH’β₆−tionHzβ−h₆nismHoγH{i”i[“aH”βrn₆ryHzβt₆lH“ulγiαβH₆sH₆nHnnoαβH
γorHyithiumHvonHo₆ttβryWH2021UHfUHfceYVfcee 4

183 zβt₆lH†hosphiαβsH₆nαH“ulγiαβsHinHuβtβroδβnβousHp₆t₆lysisgHrlβ−troni−H₆nαHtβomβtri−Hrγγβ−tsWH2021UH
ZZUHfZY[VfZ[d 7

182 s₆−ilβHsynthβsisHoγH“n“Hn₆nostru−turβsHwithHαiγγβrβntHmorpholoδiβsHγorHsupβr−₆p₆−itorH₆nαH
αyβVsβnsitizβαHsol₆rH−βllH₆ppli−₆tionsWH2021UH][UH[Y]faV[YaYf 1

181 nsymmβtri−H“upβr−₆p₆−itorsHwithH{₆nostru−turβαH’u“[WH2021UH]bUHZ[cdZVZ[cdf 1

180 zβ−h₆nismHγorH₆nisotropi−HαiγγusionHoγHliquiαVlikβHpuH₆tomsHinHhβx₆δon₆lH˛†â��pu[“WH2021UHbUH 1

179 trowthHoγHn₆nostru−turβαH−o₈₆ltHsulγiαβV₈₆sβαHn₆no−ompositβH₆sHγ₆r₆α₆i−H₈inαβrVγrββHβlβ−troαβH
γorHsupβr−₆p₆ttβryWH2021UH]fUHZY[bff 5

178 “βlβ−tivβH’β−ovβryHoγHpo₈₆ltH₆nαHs₆₈ri−₆tionHoγH{₆noVpo]“aHγromH†rβδn₆ntHyβ₆−hH“olutionHoγH
“pβntHyithiumVvonHo₆ttβriβsWH2021UHdUHZY[dVZYaa 2
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177 s₆−ilβH“ynthβsisHoγHz₆nδ₆nβsβVpo₈₆ltV“ulγurX’βαu−βαH’r₆phβnβH}xiαβHpompositβH₆sHuiδhH
†βrγorminδHs₆r₆α₆i−Hrlβ−troαβWH2021UHcUHd]feVdaYd

176 rγγβ−tHoγH₆s−or₈i−H₆−iαHonHthβHpropβrtiβsHoγHtinHsulγiαβHγilmsHγorHsupβr−₆p₆−itorH₆ppli−₆tionWH2021UH[bUHZYZ[db 0

175 nnH₆αv₆n−βαHn₆noVsti−ksHOHγl₆kβVtypβH₆r−hitβ−turβHoγHm₆nδ₆nβsβV−o₈₆ltHoxiαβH₆sH₆nHβγγβ−tivβH
βlβ−troαβHm₆tβri₆lHγorHsupβr−₆p₆−itorH₆ppli−₆tionsWH2021UHaYUHZY[dY[ 4

174 nαv₆n−βsHinHrlβ−tro−hβmi−₆lHrnβrδyH“tor₆δβHqβvi−βgH“upβr−₆p₆−itorWH2021UHZZfVZad 0

173 tr₆phβnβH‘u₆ntumHqotsHrm₈βααβαHinH{ipo[“aXz p{”H{₆no−ompositβH₆sH₆H†romisinδHp₆nαiα₆tβH
γorH“upβr−₆p₆−itorsH₆nαHv]â��H’βαu−tionHinHqyβV“βnsitizβαH“ol₆rHpβllsWH2021UH]bUHZ]]cYVZ]]cf 3

172 {iVpoHsulγiαβHhollowHn₆no₈oxβsHwithHβnh₆n−βαHl₆tti−βHintβrγ₆−βsHγorHhiδhHpβrγorm₆n−βHhy₈riαH
supβr−₆p₆−itorsWH2021UH]ecUHZ]eaab 4

171 qirβ−tH−hβmi−₆lHsynthβsisHoγHintβrl₆−βαH{iznVyquHn₆noshββtsHonHy“”{HpβrovskitβHαβ−or₆tβαH{iH
γo₆mHγorHhiδhVpβrγorm₆n−βHsupβr−₆p₆−itorsWH2021UHa[ZUHZ[dabb 5

170 sromHm₆nδ₆nβsβHoxiαβHtoHm₆nδ₆nβsβHsulphiαβgH“ynthβsisH₆nαHitsHβγγβ−tHonHβlβ−tro−hβmi−₆lHβnβrδyH
stor₆δβHpβrγorm₆n−βWH2021UH]efUHZ]edZZ 2

169 }nβVstβpHsono−hβmi−₆lHsynthβsisHoγH{iznVyquHγorHsupβr−₆p₆−itorsH₆nαHovβr₆llHw₆tβrHsplittinδWH
2021UHbcUHZec]c 8

168 †βrγorm₆n−βHoγHpoppβrH“ulγiαβHuollowH’oαsHinH₆H“upβr−₆p₆−itorHo₆sβαHonHslβxi₈lβH“u₈str₆tβsWHZ 0

167 {₆no−onγinβαH’β“[HinH₈iom₆ssVαβrivβαH]qHporousH{VαopβαH−₆r₈onH₆r−hitβ−turβH₆sH₆noαβHγorHst₆₈lβH
lithiumVionHstor₆δβWH2021UH]efUHZ]ed[] 0

166 zorpholoδi−₆llyHqivβrδβntHqβvβlopmβntHoγH“n“H†hoto−₆t₆lystsHγromH–nαβrV–tilizβαHvoni−H
†rβ−ursorsHoγH“vyn’H†ro−βssWHZ 1

165 po₆xi₆lHsinδlβVw₆llβαHp{”m“n}[m{VαopβαH−₆r₈onHwithHhiδhHr₆tβH−₆p₆₈ilityH₆nαH−y−linδHst₆₈ilityH
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βlβ−tro−hβmi−₆lHβnβrδyHstor₆δβWH2021UHbcbUHZbYb]e 3

162
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153 rnh₆n−βαH−y−linδHst₆₈ilityHoγHhiβr₆r−hi−₆lHpu[ “aXpHhollowHo−t₆hβαronH₆noαβHγorHlithiumVionH
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141 “tru−turβH’βl₆x₆tionH₆nαHyiquiαlikβHrnh₆n−βαHpuHqiγγusionH₆tHthβH“urγ₆−βHoγH˛†Vpu“Hph₆l−o−itβWH2021UH
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127 ’βviβwHoγHβlβ−tro−hβmi−₆lHproαu−tionHoγHαopβαHδr₆phβnβHγorHβnβrδyHstor₆δβH₆ppli−₆tionsWH2021UH
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uiδhVpβrγorm₆n−βH₆symmβtri−Hsupβr−₆p₆−itorH₆−hiβvβαH₈yHpo“[Hn₆nop₆rti−lβsHαβ−or₆tβαH
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2022UHdUHadZaVad[Z 3
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110 †hotoβlβ−tro−hβmi−₆lH₆nαHβnβrδyHstor₆δβHpropβrtiβsHγorHmβt₆lHsulγiαβsHrβδul₆tβαH₈yH
₈iominβr₆liz₆tionHoγHsulγ₆tβHrβαu−inδH₈₆−tβri₆WH2022UH]aYUHZ]YdaZ 0

109 rnh₆n−βαHβlβ−tro−hβmi−₆lHpβrγorm₆n−βsHoγHsβ“X†pH−ompositβsH₆sH₆noαβHm₆tβri₆lsHγorHlithiumVionH
₈₆ttβriβsWH2022UHZ]dUHZYf[ZZ 3
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z₆tβri₆lsHγorH“upβr−₆p₆−itorHnppli−₆tionsWH2022UHZ[UHZa 4

102 ”hβHvnvβstiδ₆tionHoγHpusXpntsHwithH“ynβrδisti−Hrγγβ−tHoγH†hysi−₆lH₆nαHphβmi−₆lHvmmo₈iliz₆tionHtoH
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ph₆sβVβnδinββrβαHβnβrδyHm₆tβri₆lsWH2022UHa]dUHZ]b[]d 0

96 nnHovβrviβwHoγHrβ−βntHproδrβssHinHn₆nostru−turβαH−₆r₈onV₈₆sβαHsupβr−₆p₆−itorHβlβ−troαβsgHsromH
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94 ”hrββVαimβnsion₆lHpo]}aXpo“Hhiβr₆r−hi−₆lHn₆nonββαlβH₆rr₆ysHβlβ−troαβHδrownHonHni−kβlHγo₆mHγorH
hiδhVpβrγorm₆n−βH₆symmβtri−H−₆p₆−itorsWH2022UHbZUHZYaae] 1
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87 uβtβro₆tomHzoαiγi−₆tionHoγHuβtβrostru−turβαHpu“Xzn]}aHwithH’i−hHqβγβ−tsHγorH“oliαV“t₆tβH
“upβr−₆p₆−itorsWH 0

86 rlβ−troαβHm₆tβri₆lHγorHhiδhHpβrγorm₆n−βHsymmβtri−Hsupβr−₆p₆−itorsH₈₆sβαHonHsupβrp₆r₆m₆δnβti−H
sβ]}aHn₆nop₆rti−lβsHmoαiγiβαHwithH−βtyltrimβtyl₆mmoniumH₈romiαβWH2022UH[edUHZZdYeY 0

85 {i−kβlX−o₈₆ltX−oppβrHsulγiαβHαoαβ−₆hβαr₆lHhollowHmultiVshβllβαHstru−turβsUH−h₆r₆−tβriz₆tionUH₆nαH
₆ppli−₆tionH₆sH₆Hsuit₆₈lβHn₆nom₆tβri₆lHγorHhiδhVpβrγorm₆n−βHsupβr−₆p₆−itorsWH2022UHa[YUHZaYa]d 0

84 s₆−ilβHhyαrothβrm₆lHsynthβsisHoγHhiδhVpβrγorm₆n−βH₈in₆ryHsilvβrV−o₈₆ltVsulγiαβHγorHsupβr−₆p₆ttβryH
αβvi−βsWH2022UHb[UHZYaead 0

83 ponstru−tionHoγHv₆−₆n−iβsVβnri−hβαHpu“Xsβ[}]HwithHn₆noVhβtβrojun−tionsH₆sHnβδ₆tivβHβlβ−troαβH
γorHγlβxi₈lβHsoliαVst₆tβHsupβr−₆p₆−itorWH2022UHZcbaa] 1

82 zβ−h₆no−hβmi−₆lHsynthβsisHoγHnonVstoi−hiomβtri−H−oppβrHsulγiαβHpuZWe“H₆ppli−₆₈lβH₆sH
photo−₆t₆lystH₆nαH₆nti₈₆−tβri₆lH₆δβntH₆nαHsynthβsisHs−₆l₆₈ilityHvβriγi−₆tionWH 1

81 zoαβrnHpr₆−ti−βsHinHβlβ−trophorβti−HαβpositionHtoHm₆nuγ₆−turβHβnβrδyHstor₆δβHβlβ−troαβsWH 2

80 s₆−ilβH₆nαHs−₆l₆₈lβHγ₆₈ri−₆tionHoγHsu₈Vmi−roHzn“mnitroδβnVsulγurV−oαopβαV−₆r₈onH−ompositβsHγorH
hiδhVpβrγorm₆n−βHlithiumVionHh₆lγH₆nαHγullV−βllH₈₆ttβriβsWH

79 ponstru−tionHoγH]αHpoXpofseHrn−₆psul₆tβαH₈yHtr₆phitβHp₆r₈onHγorHuiδhH†βrγorm₆n−βH
“upβr−₆p₆−itorWH

78 xinβti−sHoγHpolysulγiαβHonHmβt₆lVsulγurH₈₆ttβriβsWH2022UHcdfVdZ]

77 ph₆llβnδβsH₆nαHopportunitiβsHγorHβnβrδyHstor₆δβHtβ−hnoloδiβsWH2022UHcYdVcab

76 z₆nδ₆nβsβVαopβαHzin−HsulγiαβH₈in₆ryHn₆nostru−turβsH₆sH₈inαβrVγrββHβlβ−troαβHm₆tβri₆lsHγorH
supβr−₆p₆ttβryWH 0

75 po]}aXzopoXy₆yβrβαHqou₈lβHuyαroxiαβH{₆noshββtsHγorHnsymmβtri−H“upβr−₆p₆−itorWH2022UHbUHeYfdVeZYa 1

74 ’β−βntHproδrβssHonHβlβmβnt₆lHsulγurH₈₆sβαHphoto−₆t₆lystsHγorHβnβrδyH₆nαHβnvironmβnt₆lH
₆ppli−₆tionsWH2022UHZ]badd 0

73 nlloyinδHzotiγHponγinβαHinHvntβr−₆l₆tivβHsr₆mβworksHtow₆rαH’₆piαHyiVvonH“tor₆δβWH[[Y[Y[c 2

72 rn−₆psul₆tinδHultr₆γinβH−o₈₆ltHsulγiαβsHintoHmulti−h₆nnβlH−₆r₈onHn₆noγi₈βrsHγorHsupβriorHyiVionH
βnβrδyHstor₆δβWH2022UHbaZUH[]Zce[ 1

71 s₆−ilβHsynthβsisHoγHznpo[“aHn₆noshββtsH₆sH₆H₈inαβrVγrββHβlβ−troαβHm₆tβri₆lHγorHhiδhHpβrγorm₆n−βH
supβr−₆p₆−itorH₆ppli−₆tionsWH 1

70 s₆−ilβHhyαrothβrm₆lHsynthβsisHoγHzin−HsulγiαβHn₆nowirβsHγorHhiδhVpβrγorm₆n−βH₆symmβtri−H
supβr−₆p₆−itorWH2022UH[cUHZYZbZa 0
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69 slβxi₈lβH”i]p[”xXp₆r₈onH{₆notu₈βsXpu“HsilmHrlβ−troαβsHo₆sβαHonH₆Hqu₆lV“tru−tur₆lHqβsiδnHγorH
uiδhV†βrγorm₆n−βHnllV“oliαV“t₆tβH“upβr−₆p₆−itorsWH 1

68 vnVsituHsynthβsisHoγHmixβαVph₆sβH−₆r₈onHm₆tβri₆lHusinδHsimplβHpyrolysisHmβthoαHγorH
hiδhVpβrγorm₆n−βHsupβr−₆p₆−itorWH2022UHZ[dUHZYf[Yf 0

67 sunα₆mβnt₆lsH₆nαHrβ−βntHproδrβssHoγH“nV₈₆sβαHβlβ−troαβHm₆tβri₆lsHγorHsupβr−₆p₆−itorsgHnH
−omprβhβnsivβHrβviβwWH2022UHb]UHZYbZed 2

66 uβtβroδβnβousH }[X “[Hmi−rosphβrβsHsynβrδizβαHwithHrβαu−βαHδr₆phβnβHoxiαβsHwithHhiδhHr₆tβH
−₆p₆−ityHγorHsupβriorHsoαiumVionH−₆p₆−itorsWH2022UHf[YUHZZcbfe 0

65 ”woVstβpHhyαrothβrm₆lHsynthβsisHoγH₆HγirβworksVlikβH₆morphousHpo]“aHγorH₆symmβtri−H
supβr−₆p₆−itorsHwithHsupβriorH−y−linδHst₆₈ilityWH2022UHa[cUHZaYddd

64 “hββtVlikβH{ipoVl₆yβrβαHαou₈lβHhyαroxiαβH₆n−horβαHonH{HsβlγVαopβαHhiβr₆r−hi−₆lHporousH−₆r₈onH
₆βroδβlHγromH−hitos₆nHγorHhiδhVpβrγorm₆n−βHsupβr−₆p₆−itorsWH2022UHf[ZUHZccY]c 3

63 vnH“ituHzoulαβαH”roilitβH[hH†h₆sβHsβsH–ltr₆thinHQ[bYH{mRHrlβ−troαβsH—i₆H†lαHnimβαHγorHslβxi₈lβH“oliαH
“t₆tβH“ymmβtri−H“upβr−₆p₆−itorHoβsiαβsHooostβαHrlβ−troHp₆t₆lyti−H’β₆−tionsWH

62 vnδβniousHvntβrl₆−βmβntHoγHpo{i}[HonHp₆r₈onH{₆notu₈βsHγorHuiδhlyH“t₆₈lβHyithiumVvonHo₆ttβriβsWH

61 ponstru−tionHoγH]qHpoXpof“eHβn−₆psul₆tβαH₈yHδr₆phitβH−₆r₈onHγorHhiδhHpβrγorm₆n−βH
supβr−₆p₆−itorWH2022UHf[ZUHZZccdY

60 qβsiδnH₆nαHγ₆₈ri−₆tionHoγHhiδhHpβrγorm₆n−βHsupβr−₆p₆−itorH₈₆sβαHzo“[m”i}[H−ompositβH
βlβ−troαβHγorHwiαβHr₆nδβHtβmpβr₆turβH₆ppli−₆tionsWH2022UHeYbUHZ]ff]c 0

59 zβsoporousHn₆nohy₈riαsHoγH[qHl₆yβrβαHpuâ��prHphosph₆tβH₆nαHrt}HγorHhiδhVpβrγorm₆n−βH
₆symmβtri−Hhy₈riαHsupβr−₆p₆−itorsWH2022UHf[cUHZcceca 0

58 nHrβ−βntH₆αv₆n−βmβntHonHthβH₆ppli−₆tionsHoγHn₆nom₆tβri₆lsHinHβlβ−tro−hβmi−₆lHsβnsorsH₆nαH
₈iosβnsorsWH2022UH]YeUHZ]caZc 2

57 “phβri−₆lH{ipo[“aHwr₆ppβαHwithHnitroδβnVαopβαH−₆r₈onH₆sHultr₆Vγ₆stXhiδhHlithiumHstor₆δβH
m₆tβri₆lsWH2022UHf[dUHZcdYcd 0

56 ”r₆nsitionHmβt₆lHsulγiαβsHγorHβlβ−tro−hβmi−₆lH₆ppli−₆tionsgHpontrollβαH−hβmi−₆lH−onvβrsionHoγHpu“HtoH
nδ[“WH2022UHcYcUHZbafea 0

55 {₆noXzi−rostru−turβsHoγH{i−kβlH“ulphiαβHγorHrnβrδyH“tor₆δβH₆nαHponvβrsionHqβvi−βsWH2022UH]adV]dY 0

54 ’β−βntHαβvβlopmβntH₆nαH−h₆llβnδβsHinHγuβlH−βllsH₆nαHw₆tβrHβlβ−trolyzβrHrβ₆−tionsgH₆nHovβrviβwWH
2022UHZ[UH[e[[dV[e[aa 0

53 uiβr₆r−hi−₆lHmi−rotu₈βsH−onstru−tβαHusinδHsβVαopβαHzo“[Hn₆noshββtsHγorH₈iosβnsinδH₆ppli−₆tionsWH 1

52 nppli−₆tionsHoγHm₆δnβti−HγiβlαHγorHβlβ−tro−hβmi−₆lHβnβrδyHstor₆δβWH2022UHfUHY]Z]Yd 2
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51 uomoδβnβousHn₆no−u₈βHQsβUH{iRH“[Hβlβ−troαβHm₆tβri₆lHγromHsβâ��{iH†onHγorHhiδhVpβrγorm₆n−βH
hy₈riαHsupβr−₆p₆−itorsWH2022UH]]UH[[]ZfV[[]]Z 0

50 ’βsβ₆r−hHonHuiδhHp₆p₆−it₆n−βH]qH“tru−turβH{ipo[“aHrlβ−troαβHz₆tβri₆lHinH“upβr−₆p₆−itorWH 0

49 “ynβrδyHrγγβ−tHoγHuiδhV“t₆₈ilityHoγH—“aH{₆noroαsHγorH“oαiumHvonHo₆ttβryWH2022UH[dUHc]Y] 0

48 –ltr₆γ₆stHsβlγVβxp₆nαβαHrβαu−βαHδr₆phβnβHoxiαβH₆nαH[qHzo“[H₈₆sβαHγilmsH₆sH₆noαβHinHyiVionH
₈₆ttβryWH2022UHZaZ]Ze 0

47 tβomβtryV₆symmβtri−Hphotoαβtβ−torsHγromHmβt₆lâ��sβmi−onαu−torâ��mβt₆lHv₆nHαβrH ₆₆lsH
hβtβrostru−turβsWH 1

46 ”hβHzultiVsun−tion₆lHrγγβ−tsHoγHpu“H₆sHzoαiγiβrHtoHs₆₈ri−₆tβHrγγi−iβntHvntβrl₆yβrHγorHyiV“Ho₆ttβriβsWH[[YabcZ 0

45 yo−₆lHl₆tti−βHstru−turβsH₆nαHβlβ−troni−HpropβrtiβsHoγH˛†Vyi]†“aXpu“Hintβrγ₆−βWH 0

44 s₆−ilβHsynthβsisHoγH−o₈₆ltHsulγiαβX−₆r₈onHn₆notu₈βH−ompositβsH₆sH₆HlowV−ostH†tVγrββH−ountβrH
βlβ−troαβHγorHαyβVsβnsitizβαHsol₆rH−βllsHQq““psRWH2022UHZYfaaY 0

43 nppli−₆tionHoγHmβt₆lHsulγiαβsHinHβnβrδyH−onvβrsionH₆nαHstor₆δβWH2022UHZYdf[e 0

42 nααitivβHz₆nuγ₆−turinδHoγHrnβrδyH“tor₆δβHqβvi−βsWH2023UHbZVe] 0

41
”βxtur₆lH₆nαHβlβ−tro−hβmi−₆lH₆n₆lysisHoγHδ₆lv₆nost₆ti−₆llyHγ₆₈ri−₆tβαHn₆noH
znYW[VYWaxsβYWbVYWdx“xmrt}XpuQ[YYRH−ompositβHγilmsHγorHhy₈riαHsupβr−₆p₆−itorHβlβ−troαβsWH2022UH
a]bUHZaZaYf

0

40 “ol₆rHliδhtHh₆rvβstinδHn₆nom₆tβri₆lHQo₆Zr“]RHγorHphoto−₆t₆lyti−H₆−tivityH₆nαH}r’Hrβ₆−tionWH2023UH
Zd[UHZZZYbc 0

39
“ust₆in₆₈lβHαβvβlopmβntHoγHm₆nδ₆nβsβHsulγosβlβniαβHn₆nop₆rti−lβsH₆n−horβαHδr₆phβnβHoxiαβH
n₆no−ompositβHγorHhiδhVpβrγorm₆n−βHsupβr−₆p₆−itorH₆nαHlithiumVionH₈₆ttβryH₆ppli−₆tionsWH2023UH
f]YUHZcd[e[

1

38 {₆no−ryst₆llinβH˛†V{i“hHnH’βαoxVmβαi₆tβαHrlβ−troαβHinHnquβousHrlβ−trolytβHγorH
†sβuαoV−₆p₆−itorX“upβr−₆p₆−itorHnppli−₆tionsWH 0

37 slβxi₈lβHultr₆−₆p₆−itorHαβvi−βHγ₆₈ri−₆tβαHwithH₆nHorδ₆ni−Hβlβ−troαβHm₆tβri₆lVHn₆phth₆lβnβHαiimiαβH
nitrilβXrβαu−βαHδr₆phβnβHoxiαβWH2022UHbcUHZYcY]c 0

36 zβt₆lH“ulγiαβsH₆nαH†hosphiαβsHγorH“upβr−₆p₆−itorsWH2022UHZV][ 0

35 z₆nδ₆nβsβV₈₆sβαH−oorαin₆tionHγr₆mβworkHαβrivβαHm₆nδ₆nβsβHsulγiαβHn₆nop₆rti−lβsHintβδr₆tβαH
withH−₆r₈onHshββtsHγorH₆ppli−₆tionHinHsupβr−₆p₆−itorWH2023UH]aUHZY]e]e 0

34 “n“Hn₆nopl₆tβH−o₆tβαHwithH−ryst₆llinβHsili−onVoxyH−₆r₈iαβH₆sH−ompositβH₆noαβHγorHlithiumVionH
stor₆δβH₆ppli−₆tionsWH2023UHf]cUHZce[ab 0

(2023-2022)

45



33 rnδinββrinδH{ipo[“aHn₆nop₆rti−lβsH₆n−horβαHonH−₆r₈onHn₆notu₈βsH₆sHsupβriorHβnβrδyVstor₆δβH
m₆tβri₆lsHγorHsupβr−₆p₆−itorsWH2022UHZ[UH]afYaV]afYf 1

32 s₆−ilβHprβp₆r₆tionHoγHβlβ−troαβsH₈₆sβαHonH }H]Hn₆nostru−turβsHmoαiγiβαHwithHpH₆nαH“HusβαH₆sH
₆noαβHm₆tβri₆lsHγorHyiVionH₈₆ttβriβsWH 0

31 s₆−ilβH}nβV†otHuyαrothβrm₆lH“ynthβsisHoγHuiβr₆r−hi−₆lHzo“[X˛–Vzn“H{₆no−ompositβsHwithHtooαH
py−linδH†βrγorm₆n−βH₆sHnnoαβHz₆tβri₆lsHγorHyithiumVvonHo₆ttβriβsWH2022UHZ[UHZdc] 0

30 rmβrδinδH[qHpoppβrVo₆sβαHz₆tβri₆lsHγorHrnβrδyH“tor₆δβH₆nαHponvβrsiongHnH’βviβwH₆nαH
†βrspβ−tivβWH[[YaZ[Z 0

29 phβmi−₆lHroutβHtoHthβHsynthβsisHoγHnovβlHtβrn₆ryHpupr[“aH−₆thoαβsHγorH₆symmβtri−Hsupβr−₆p₆−itorsWH
2022UHbcUHZYcZdb 0

28
vnHsituHmoulαβαH”roilitβH[uHph₆sβHsβH“Hultr₆thinHβlβ−troαβsHvi₆H†ulsβαHy₆sβrHqβpositionHγorHslβxi₈lβH
“oliαH“t₆tβHuiδhHp₆p₆−ityH“upβr−₆p₆−itorH₈βsiαβsH₈oostβαHβlβ−tro−₆t₆lyti−HoxyδβnHβvolutionH
rβ₆−tionWH

0

27 ’βαu−βαHδr₆phβnβHoxiαβH₆βroδβlHαβ−or₆tβαHwithHzo[pHn₆nop₆rti−lβsHtow₆rαHmultiγun−tion₆lH
propβrtiβsHoγHhyαropho₈i−ityUHthβrm₆lHinsul₆tionH₆nαHmi−row₆vβH₆₈sorptionWH2023UH]YUHb]cVbad 0

26 tr₆phβnβH‘u₆ntumHqotsH₆ssistβαHpupo[“aXz p{”Hn₆noγl₆kβsH₆sH“upβriorHoiγun−tion₆lH
rlβ−tro−₆t₆lystsHγorHqyβV“βnsitizβαH“ol₆rHpβllH₆nαH“upβr−₆p₆−itorH₆ppli−₆tionsWH2023UHZ]Yfae 0

25 qirβ−tHδrowthHoγHnpXZn“V{id“cX{iQ}uR[HonHni−kβlHγo₆mH₆sH₆HporousHβlβ−troαβHm₆tβri₆lHγorH
hiδhVpβrγorm₆n−βHsupβr−₆p₆−itorsWH2023UHaaZUHZaZe[Z 0

24 {₆no−₆r₈onsHQδr₆phβnβUHβt−WRUHzXβnβsHγorHβnβrδyHstor₆δβH₆ppli−₆tionsWH2023UH[dbV][Y 0

23 “ynthβsisUHph₆r₆−tβriz₆tionUH₆nαHrlβ−tro−hβmi−₆lHrv₆lu₆tionHoγHpoppβrH“ulγiαβH{₆nop₆rti−lβsH₆nαH
”hβirHnppli−₆tionHγorH{onVrnzym₆ti−Htlu−osβHqβtβ−tionHinHolooαH“₆mplβsWH2023UHZ]UHaeZ 0

22 ”r₆nsitionHmβt₆lHQ{iUHpuH₆nαHsβRHαopβαHzn“Hn₆nostru−turβsgHrγγβ−tHoγHαopinδHonHsupβr−₆p₆−it₆n−βH
₆nαHw₆tβrHsplittinδWH2023UHZbeUHZYd]cb 1

21 YqUHZqUH[qUH₆nαH]qH“tru−turβαHph₆l−oδβniαβsHγorH“upβr−₆p₆−itorHnppli−₆tionsWH2023UHZVb[ 0

20 nnisotropi−Huβ₆vyVzβt₆lVsrββH“βmi−onαu−torH{₆no−ryst₆lsgH“ynthβsisUH†ropβrtiβsUH₆nαHnppli−₆tionsWH
2023UHZ[]UH]c[bV]cf[ 0

19 rnh₆n−inδHqu₆ntumH−₆p₆−it₆n−βHoγHironHsulγiαβHsupβr−₆p₆−itorHthrouδhHαβγβ−tVβnδinββrinδgHnH
γirstVprin−iplβsH−₆l−ul₆tionWH2023UHaafUHZa[[]b 0

18 oinαβrlβssHn₆noHm₆riδolαHγlowβrHlikβHstru−turβHoγHni−kβlHsulγiαβHβlβ−troαβHγorHsust₆in₆₈lβH
supβr−₆p₆−itorHβnβrδyHstor₆δβH₆ppli−₆tionsWH2023UHc[UHZYcfc] 0

17 porβVshβllHstru−turβαHtunδsto−upr₆tβmsilvβrHhomo₈βnzotrizo₆tβH−omplβxHγorHsupβr−₆p₆−itorH₆nαH
oxyδβnHβvolutionHrβ₆−tionWH2023UHccUHZYd]fe 0

16 †hoto₆ssistβαHyiVionHαβVintβr−₆l₆tionH₆nαH{i˛·THv₆lβn−βH−onvβrsionHwinVwinH₈oostHβnβrδyHstor₆δβH
pβrγorm₆n−βHinH{iXpα“m{i]“[V₈₆sβαHyiVionH₈₆ttβryWH2023UHabfUHZaZba[ 0
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15 rγγβ−tHoγH−₆l−in₆tionHtimβHonHβlβ−tro−hβmi−₆lHpβrγorm₆n−βHoγHhyαrothβrm₆llyHδrownH−oppβrH−o₈₆ltH
sulγiαβHn₆nostru−turβsHγorHusβHinHβlβ−tro−hβmi−₆lHsupβr−₆p₆−itorsWH2023UHZafUHZZYa[b 0

14 uiδhHz₆ssHyo₆αinδHoγHslowβrlikβH{iVzo“[Hzi−rosphβrβsHtow₆rαHrγγi−iβntHvntβr−₆l₆tionH
†sβuαo−₆p₆−itivβHrlβ−troαβsWH2023UHcUH[ZedV[Zfe 0

13 n−hiβvinδHuiδhH†βrγorm₆n−βHrlβ−troαβHγorHrnβrδyH“tor₆δβHwithHnαv₆n−βαH†russi₆nHoluβVqrivβαH
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