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n Paper IF Citations

833 xδt≠lliαH≠nβHπδrrom≠gnδtiαHδβgδsHinHmolybβδnumHβisulπiβδHn≠noribbonsVH2009THZXTH[Z_bX[ 164

832 plδαtroniαHstruαturδsHoπHsiliαonHn≠noribbonsVH2009THd_THXc[YY_ 259

831  hδHst≠bilitiδsHoπHboronHnitriβδHn≠noribbonsHwithHβiππδrδntHhyβrogδnUtδrmin≠tδβHδβgδsVH2009THd]THZ[[YXb 70

830 plδαtroniαH—truαturδH≠nβH–δ≠αtivityHoπHmoronHyitriβδHy≠noribbonsHwithH—tonδUW≠lδsHoδπδαtsVH2009TH
_TH[XccUd_ 118

829 —truαtur≠lH≠nβHplδαtroniαH{ropδrtiδsHoπHrr≠ph≠nδHy≠noribbonsVH2009THYY[THY_X][UY_X]_ 110

828 yovδlHpropδrtiδsHoπHgr≠phδnδHn≠noribbonseH≠HrδviδwVH2010THZXTHcZXb 301

827 qirstUprinαiplδsHstuβyHoπHthδHpδrπδαtH≠nβHv≠α≠nαyHβδπδαtHllyHn≠noribbonVH2010TH]X_TH[bb_U[bcY 57

826 x≠gnδtiαHpropδrtiδsHoπHnonmδt≠lH≠tomsH≠bsorbδβHxo—ZHmonol≠yδrsVH2010THdaTHXcZ_X] 175

825 plδαtroniαH—truαturδsH≠nβHx≠gnδtiαH{ropδrtiδsHoπHr≠yH—hδδtsH≠nβHy≠noribbonsVH2010THYY]THYY[dXUYY[d] 99

824 plδαtroniαH—truαturδHoπHmiHy≠noribboneHrrδ≠tlyHtnπluδnαδβHbyHpβgδHnhir≠lityH≠nβHpβgδH
–δαonstruαtionVH2010THYY]THYdZcdUYdZd[ 10

823 syβrogδn≠tioneH≠HsimplδH≠ppro≠αhHtoHrδ≠lizδHsδmiαonβuαtorUh≠lπUmδt≠lUmδt≠lHtr≠nsitionHinHboronH
nitriβδHn≠noribbonsVHJournal of the American Chemical SocietyTH2010THY[ZTHYaddUbX_ 16.4 254

822 x≠gnδtismHinH≠rmαh≠irHmnZyHn≠noribbonsVH2010THdaTHY[[YX[ 17

821 qirstU{rinαiplδsH—tuβyHoπH it≠ni≠Hy≠noribbonseHqorm≠tionTHpnδrgδtiαsTH≠nβHplδαtroniαH{ropδrtiδsVH
2010THYY]THdZ[]UdZ[c 15

820 xixδβHlowUβimδnsion≠lHn≠nom≠tδri≠leHZoHultr≠n≠rrowHxo—ZHinorg≠niαHn≠noribbonsHδnα≠psul≠tδβHinH
qu≠siUYoHα≠rbonHn≠notubδsVHJournal of the American Chemical SocietyTH2010THY[ZTHY[c]XUb 16.4 188

819 pβgδH—t≠tδsH≠nβHs≠lπUxδt≠lliαityHinH izZHy≠noribbonsVH2011THYY_THYcX]bUYcX_X 2

818 Vδrs≠tilδHplδαtroniαH≠nβHx≠gnδtiαH{ropδrtiδsHoπHnorrug≠tδβHVZz_H woUoimδnsion≠lHnryst≠lH≠nβHttsH
oδrivδβHznδUoimδnsion≠lHy≠noribbonseHlHnomput≠tion≠lHpxplor≠tionVH2011THYY_THYYdc[UYYddX 32

817 sowHooH—urπ≠αδH≠nβHpβgδHpππδαtsHlltδrHthδHplδαtroniαH{ropδrtiδsHoπHr≠yHy≠noribbonsjVH2011THYY_THYbZ]UYb[Y 37

Citation Report

2



816 qromHqu≠ntumHmotiπsHtoH≠ssδmblδHn≠no≠ggrδg≠tδseHthδHprδp≠r≠tionHoπHorg≠noUmolybβδnumHhybriβH
n≠nostruαturδsVH2011TH_XTHZYb_UcY 12

815 qunαtion≠liz≠tionHoπH—inglδUw≠yδrHxo—ZHsonδyαombH—truαturδsVH2011THYY_THY[[X[UY[[YY 429

814 WiβthUH≠nβHpβgδUoδpδnβδntH—t≠bilityTHplδαtroniαH—truαturδsTH≠nβHx≠gnδtiαH{ropδrtiδsHoπH
rr≠phδnδUwikδH≠nβHWurtzitδHZn—Hy≠noribbonsVH2011THYY_TH]]aaU]]b_ 17

813 s≠lπHmδt≠lliαityHinHmnZQyHn≠noribbonseHst≠bilityTHδlδαtroniαHstruαturδsTH≠nβHm≠gnδtismVH2011TH[THZ_c[Uc 28

812 plδαtroniαH—truαturδsHoπHmnZyHy≠noribbonsVH2011THYY_TH[_bZU[_bb 34

811 plδαtroniαH≠nβHm≠gnδtiαHpropδrtiδsH≠nβHstruαtur≠lHst≠bilityHoπHmδzHshδδtH≠nβHn≠noribbonsVH2011TH[TH]bcbUd_ 54

810 —truαtur≠lH≠nβHδlδαtroniαHpropδrtiδsHoπH≠HsinglδHnHαh≠inHβopδβHzigz≠gHllyHn≠noribbonVH2011THdb]THY_YUY_c 14

809 lHnomp≠r≠tivδH—tuβyHoπHw≠ttiαδHoyn≠miαsHoπH hrδδUH≠nβH woUoimδnsion≠lHxo—ZVH2011THYY_THYa[_]UYa[aY 250

808 lHnovδlHroutδHπorHthδHsynthδsisHoπHn≠notubδsH≠nβHπullδrδnδUlikδHn≠nostruαturδsHoπHmolybβδnumH
βisulπiβδVH2011TH]aTHZZ]XUZZ]a 14

807 rr≠phδnδUlikδHxo—ZW≠morphousHα≠rbonHαompositδsHwithHhighHα≠p≠αityH≠nβHδxαδllδntHst≠bilityH≠sH
≠noβδHm≠tδri≠lsHπorHlithiumHionHb≠ttδriδsVH2011THZYTHaZ_Y 450

806 xδαh≠niα≠lH≠nβHplδαtroniαH{ropδrtiδsHoπHxo—ZHy≠noribbonsH≠nβH hδirHoδπδαtsVH2011THYY_TH[d[]U[d]Y 391

805 plδαtroniαH≠nβHm≠gnδtiαHpropδrtiδsHoπHpδrπδαtTHv≠α≠nαyUβopδβTH≠nβHnonmδt≠lH≠βsorbδβHxo—δZTH
xo δZH≠nβHW—ZHmonol≠yδrsVH2011THY[THY__]aU_[ 349

804 Ultr≠Un≠rrowHW—ZHn≠noribbonsHδnα≠psul≠tδβHinHα≠rbonHn≠notubδsVH2011THZYTHYbYUYcX 69

803 –ipplδβH≠nβHsδliα≠lHxo—ZHy≠nowirδHn≠t≠lystseHlnHlbδrr≠tionHnorrδαtδβH— pxH—tuβyVH2011THY]YTH_YcU_Z] 15

802  hδorδtiα≠lHinvδstig≠tionsHoπHm≠gnδtiαHpropδrtiδsHoπHπδrrom≠gnδtiαHsinglδUl≠yδrδβHn≠nobδltsVH2011TH
Z]cTHYZcXUYZca 11

801 qirstHprinαiplδsHstuβyHoπHstruαtur≠lTHvibr≠tion≠lH≠nβHδlδαtroniαHpropδrtiδsHoπHgr≠phδnδUlikδHx×ZH
PxhxoTHybTHWTH ≠fH×h—TH—δTH δQHmonol≠yδrsVH2011TH]XaTHZZ_]UZZaX 495

800 x≠gnδtiαHpropδrtiδsHoπHxo—ZeHpxistδnαδHoπHπδrrom≠gnδtismVH2012THYXYTHYZ[YX_ 218

799 tβδ≠lHstrδngthH≠nβHphononHinst≠bilityHinHsinglδUl≠yδrHxo—ZVH2012THc_TH 274
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798
lrδHx×δnδsHpromisingH≠noβδHm≠tδri≠lsHπorHwiHionHb≠ttδriδsjHnomput≠tion≠lHstuβiδsHonHδlδαtroniαH
propδrtiδsH≠nβHwiHstor≠gδHα≠p≠bilityHoπH i[nZH≠nβH i[nZ×ZHP×HhHqTHzsQHmonol≠yδrVHJournal of the 
American Chemical SocietyTH2012THY[]THYadXdUYa

16.4 1304

797 lHα≠t≠lytiαHαompositδHπilmHoπHxo—ZWgr≠phδnδHπl≠kδH≠sH≠HαountδrHδlδαtroβδHπorH{tUπrδδHβyδUsδnsitizδβH
sol≠rHαδllsVH2012THc_THYaZUYac 136

796 —ynthδsisTHnh≠r≠αtδriz≠tionTH≠nβH{ropδrtiδsHoπHqδwUl≠yδrHxδt≠lHoiαh≠lαogδniβδsH≠nβHthδirH
y≠noαompositδsHwithHyoblδHxδt≠lH{≠rtiαlδsTH{oly≠nilinδTH≠nβH–δβuαδβHrr≠phδnδHzxiβδVH2012THa[cTHZaYbUZaZ] 36

795 m≠nβg≠pHtuningHinH≠rmαh≠irHxo—ZHn≠noribbonVH2012THZ]TH[[__XY 59

794 —truαturδHβδpδnβδntHδlδαtroniαH≠nβHm≠gnδtiαHpropδrtiδsHoπHgr≠phitiαHr≠yâ��ZnzHn≠noribbonsVH2012TH
ZZTHbbXc 6

793 x≠gnδtismHinHxo—ZHinβuαδβHbyHprotonHirr≠βi≠tionVH2012THYXYTHYXZYX[ 170

792  r≠nsitionHπromHZUoH—δmiαonβuαtorHtoHYUoHxδt≠lH—t≠tδH≠nβHplδαtronHoδnsityHoistributionHinH
y≠nol≠yδrδβHxo×ZP×HhH—TH—δTH δQVH2012THYYaTHZXa_YUZXa__ 13

791 pβgδUβδpδnβδntHstruαtur≠lTHδlδαtroniαH≠nβHm≠gnδtiαHpropδrtiδsHoπHxo—ZHn≠noribbonsVH2012THZZTHbZcX 224

790 —tr≠inUβδpδnβδntHδlδαtroniαH≠nβHm≠gnδtiαHpropδrtiδsHoπHxo—ZHmonol≠yδrTHbil≠yδrTHn≠noribbonsH≠nβH
n≠notubδsVH2012THY]THY[X[_U]X 358

789  δnsilδHstr≠inHswitαhδβHπδrrom≠gnδtismHinHl≠yδrδβHyb—ZH≠nβHyb—δZVH2012THaTHdbZbU[a 265

788 qirstU{rinαiplδsH—tuβyHoπHZigz≠gHxo—ZHy≠noribbonHlsH≠H{romisingHn≠thoβδHx≠tδri≠lHπorH
–δαh≠rgδ≠blδHxgHm≠ttδriδsVH2012THYYaTHY[XbUY[YZ 141

787  uningHx≠gnδtismH≠nβHplδαtroniαH{h≠sδH r≠nsitionsHbyH—tr≠inH≠nβHplδαtriαHqiδlβHinHZigz≠gHxo—ZH
y≠noribbonsVH2012TH[THZd[]U]Y 203

786 plδαtroniαHstruαturδsH≠nβHtr≠nsportHpropδrtiδsHoπHπluorin≠tδβHboronHnitriβδHn≠noribbonsVH2012THY]THcX[ZUb 47

785 rluαosδH≠iβδβHprδp≠r≠tionHoπHtungstδnHsulπiβδWmultiUw≠llHα≠rbonHn≠notubδHhybriβH≠nβHusδH≠sH
αountδrHδlδαtroβδHinHβyδUsδnsitizδβHsol≠rHαδllsVH2012TH]THa_[XUa 75

784 pviβδnαδHoπHthδHδxistδnαδHoπHm≠gnδtismHinHpristinδHV×â��Hmonol≠yδrsHP×HhH—TH—δQH≠nβHthδirH
str≠inUinβuαδβHtun≠blδHm≠gnδtiαHpropδrtiδsVH2012THaTHYad_UbXY 590

783  r≠nsportHpropδrtiδsHoπHxo—ZHn≠noribbonseHδβgδHpriorityVH2012THc_THY 53

782 —t≠blδTH—inglδUw≠yδrHx×ZH r≠nsitionUxδt≠lHzxiβδsH≠nβHoiαh≠lαogδniβδsHinH≠HsonδyαombUwikδH
—truαturδVH2012THYYaTHcdc[Ucddd 992

781 pnh≠nαδβHwiHlβsorptionH≠nβHoiππusionHonHxo—ZHZigz≠gHy≠noribbonsHbyHpβgδHpππδαtseHlH
nomput≠tion≠lH—tuβyVH2012TH[THZZZYUb 343

Citation Report

4



780  uningHthδHplδαtroniαH≠nβHx≠gnδtiαH{ropδrtiδsHoπHxo—ZHy≠noribbonsHbyH—tr≠inHpnginδδringVH2012TH
YYaTHYYb_ZUYYb_b 190

779 plδαtriαHπiδlβHδππδαtsHonH≠rmαh≠irHxo—ZHn≠noribbonsVH2012THaTH]cZ[U[] 156

778 xδαh≠niα≠lH≠nβHδlδαtroniαHpropδrtiδsHoπHmonol≠yδrHxo—ZHunβδrHδl≠stiαHstr≠inVH2012TH[baTHYYaaUYYbX 254

777 plδαtroniαHstruαturδHoπHtr≠nsitionHmδt≠lHβiαh≠lαogδniβδsHmonol≠yδrsHYsUx×ZHPxHhHxoTHWfH×HhH—TH—δTH
 δQHπromH≠bUinitioHthδoryeHnδwHβirδαtHb≠nβHg≠pHsδmiαonβuαtorsVH2012THc_THY 375

776 rr≠phδnδW≠αiβHαo≠ssistδβHsynthδsisHoπHultr≠thinHxo—ZHn≠noshδδtsHwithHoutst≠nβingHr≠tδHα≠p≠bilityH
πorH≠HlithiumHb≠ttδryH≠noβδVH2013TH_ZTHdcXbUYZ 98

775 uoinδβHδβgδsHinHxo—ZeHmδt≠lliαH≠nβHh≠lπUmδt≠lliαHwirδsVH2013THZ_TH[YZZXY 16

774 nhδmiα≠lHunzippingHoπHW—ZHn≠notubδsVH2013THbTHb[YYUb 43

773 w≠rgδHαurrδntHmoβul≠tionH≠nβHspinUβδpδnβδntHtunnδlingHoπHvδrtiα≠lHgr≠phδnδWxo—ZH
hδtδrostruαturδsVH2013THbTHbXZYUb 80

772  hiαknδssUβδpδnβδntHp≠ttδrningHoπHxo—ZHshδδtsHwithHwδllUoriδntδβHtri≠ngul≠rHpitsHbyHhδ≠tingHinH≠irVH
2013THaTHbX[UbYY 92

771 tntδr≠αtionsH≠nβHsupδrαonβuαtivityHinHhδ≠vilyHβopδβHxo—ZVH2013THccTH 63

770 xoUH≠nβHWUb≠sδβHorg≠niαHn≠nostruαturδsHprδp≠rδβHπromHbulkHαryst≠lHisomorphsHαonsistδβHoπH
[Pns[nsZQ[ysQ₃Z[xzZPnY]saz]QZ₃HPxHhHxoTHWQVH2013TH_ZTHd]bXUc 10

769  un≠blδHδlδαtroniαH≠nβHm≠gnδtiαHpropδrtiδsHoπHW—ZHn≠noribbonsVH2013THYY]THXd[bYX 37

768 qδrrom≠gnδtismHinHultr≠thinHV—ZHn≠noshδδtsVH2013THYTH_dXd 119

767 oδnsityHπunαtion≠lHthδoryHα≠lαul≠tionHoπHδβgδHstrδssδsHinHmonol≠yδrHxo—ZVH2013THYY]THYa[_Xc 16

766 VH2013THaXTHZb]UZbd 20

765 rr≠phδnδH≠n≠loguδsHoπHinorg≠niαHl≠yδrδβHm≠tδri≠lsVH2013TH_ZTHY[YaZUc_ 402

764 tntrinsiαHm≠gnδtismHoπHgr≠inHbounβ≠riδsHinHtwoUβimδnsion≠lHmδt≠lHβiαh≠lαogδniβδsVH2013THbTHYX]b_UcY 186

763 lnisotropiαHptαhingHoπHltomiα≠llyH hinHxo—ZVH2013THYYbTHZ_a][UZ_a]d 140

(2013-2012)
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762 nrossUsδαtion≠lHtr≠nsmissionHδlδαtronHmiαrosαopyHobsδrv≠tionHoπHsubUn≠noUsizδβHmolybβδnumH
α≠rbiβδHαryst≠lsHinHα≠rbonHn≠notubδsVH2013THaZTH]X_UYX

761 xδt≠lliαHV—ZHxonol≠yδreHlH{romisingHZoHlnoβδHx≠tδri≠lHπorHwithiumHtonHm≠ttδriδsVH2013THYYbTHZ_]XdUZ_]Y[ 438

760 }u≠sip≠rtiαlδHb≠nβUδβgδHδnδrgyH≠nβHb≠nβHoππsδtsHoπHmonol≠yδrHoπHmolybβδnumH≠nβHtungstδnH
αh≠lαogδniβδsVH2013THYX[THX]ZYXa 119

759 lHπirstUprinαiplδsHstuβyHonHthδHδππδαtHoπHbi≠xi≠lHstr≠inHonHthδHultim≠tδHpδrπorm≠nαδHoπHmonol≠yδrH
xo—ZUb≠sδβHβoublδHg≠tδHπiδlβHδππδαtHtr≠nsistorVH2013THYY[THYa[bXc 47

758 opqpn Hpyrtypp–tyrHzqHZoHxzyl zxtnUwlép–Hxl p–tlw—VH2013THZbTHY[[XXYb 32

757 oδnsityHπunαtion≠lHthδoryHstuβyHoπHqδH≠β≠tomsH≠βsorbδβHmonol≠yδrH≠nβHbil≠yδrHxo—ZHshδδtsVH2013TH
YY]THXc[bXa 30

756 oimδnsionUβδpδnβδntHph≠sδHtr≠nsitionH≠nβHm≠gnδtiαHpropδrtiδsHoπHV—ZVH2013THYTHYXcZY 154

755 {ol≠rityHδππδαtsHinHunsupportδβHpol≠rHn≠noribbonsVH2013THcbTH 15

754 {rδβiαtingHβisloα≠tionsH≠nβHgr≠inHbounβ≠riδsHinHtwoUβimδnsion≠lHmδt≠lUβisulπiβδsHπromHthδHπirstH
prinαiplδsVH2013THY[THZ_[Uc 270

753  uningHthδHδlδαtroniαH≠nβHαhδmiα≠lHpropδrtiδsHoπHmonol≠yδrHxo—ZH≠βsorbδβHonHtr≠nsitionHmδt≠lH
substr≠tδsVH2013THY[TH_XdUY] 239

752 {rδβiαtδβHπδrrom≠gnδtismHinHholδHβopδβH≠rmαh≠irHn≠noribbonseHlHπirstHprinαiplδsHstuβyVH2013TH___THYb[UYbb 4

751 qirstUprinαiplδsHstuβyHoπHthδHstruαtur≠lH≠nβHδlδαtroniαHpropδrtiδsHoπHxo—Zâ��W—Z≠nβH
xo—Zâ��xo δZmonol≠yδrHhδtδrostruαturδsVH2013TH]aTH_X_[Xc 41

750 —truαtur≠lTHδlδαtroniαTH≠nβHm≠gnδtiαHpropδrtiδsHoπHthδHpδrioβHv≠α≠nαyHinHzigz≠gHr≠yHn≠noribbonsVH
2013THZ_XTHY_YXUY_Yc 11

749 lnHinnov≠tivδHw≠yHoπHδtαhingHxo—ZeHnh≠r≠αtδriz≠tionH≠nβHmδαh≠nistiαHinvδstig≠tionVH2013THaTHZXXUZXb 128

748 lHαountδrHδlδαtroβδHoπHmultiUw≠llHα≠rbonHn≠notubδsHβδαor≠tδβHwithHtungstδnHsulπiβδHusδβHinH
βyδUsδnsitizδβHsol≠rHαδllsVH2013TH__THYUd 111

747 qδrrom≠gnδtismHinHπrδδst≠nβingHxo—ZHn≠noshδδtsVH2013THcTHYZd 144

746 rr≠phδnδU≠n≠logousHlowUβimδnsion≠lHm≠tδri≠lsVH2013TH_cTHYZ]]UY[Y_ 600

745 nontrollingHπδrrom≠gnδtiαHδ≠syH≠xisHinH≠Hl≠yδrδβHxo—ZHsinglδHαryst≠lVH2013THYYXTHZ]bZXY 93
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744 xnUβopδβHmonol≠yδrHxo—ZeHlnH≠tomiα≠llyHthinHβilutδHm≠gnδtiαHsδmiαonβuαtorVH2013THcbTH 351

743 {ol≠rityHinHoxiβδHn≠noUobjδαtsVH2013THYY[TH]Xb[UYX_ 103

742 lβv≠nαδβHxδthoβsHoπHplδαtronHxiαrosαopyHinHn≠t≠lysisH–δsδ≠rαhVH2013THZbdU[]Z 2

741 tntrinsiαHstruαtur≠lHβδπδαtsHinHmonol≠yδrHmolybβδnumHβisulπiβδVH2013THY[THZaY_UZZ 1418

740 ltomiαH≠nβHδlδαtroniαHpropδrtiδsHoπHqu≠siUonδUβimδnsion≠lHxz—Hn≠nowirδsVH2013THZcTHZ]XUZ]d 16

739 plδαtroniαHstruαturδsH≠nβHm≠gnδtiαHpropδrtiδsHoπHxo—ZHn≠nostruαturδseH≠tomiαHβδπδαtsTHn≠noholδsTH
n≠noβotsH≠nβH≠ntiβotsVH2013THY_THYX[c_Ud] 98

738 —truαtur≠lH≠nβHplδαtroniαH{ropδrtiδsH≠nβH—t≠bilityHoπHx×δnδsH iZnH≠nβH i[nZHqunαtion≠lizδβHbyH
xδthoxyHrroupsVH2013THYYbTHY[a[bUY[a][ 153

737 nontrollingHm≠gnδtismHoπHxo—ZHshδδtsHbyHδmbδββingHtr≠nsitionUmδt≠lH≠tomsH≠nβH≠pplyingHstr≠inVH
2013THY_THYc]a]UbX 81

736 plδαtroniαH{ropδrtiδsHoπHˇ�Unonjug≠tδβHyiαkδlHmisPβithiolδnδQHyδtworkH≠nβHttsHlββitionH–δ≠αtivityH
withHpthylδnδVH2013THYYbTHY]YZ_UY]YZd 30

735 pππδαtsHoπHδβgδHhyβrogδn≠tionHonHstruαtur≠lHst≠bilityTHδlδαtroniαTH≠nβHm≠gnδtiαHpropδrtiδsHoπHW—ZH
n≠noribbonsVH2013THYY]THZY[bXY 20

734 rr≠phδnU≠n≠logδH≠norg≠nisαhδH—αhiαhtm≠tδri≠liδnVH2013THYZ_THY[]XXUY[]Z] 40

733 xδt≠lHtoHsδmiαonβuαtorHtr≠nsitionHinHmδt≠lliαHtr≠nsitionHmδt≠lHβiαh≠lαogδniβδsVH2013THYY]THYb][Xb 24

732 qδrrom≠gnδtismH—witαhδβHbyHsyβrogδn≠tionHinHw≠yδrδβHxo—ZVH2013THb]]TH[]_U[]c 2

731 —tuβiδsHonHtr≠nsportHpropδrtiδsHoπHxo—δZâ��x δxsinglδHαryst≠lsVH2013THa[THZXYXY 3

730 pππδαtsHoπHβδπδαtsHonHthδHδlδαtroniαHpropδrtiδsHoπHW δZ≠rmαh≠irHn≠noribbonsVH2014TH[_THYY[XXZ 7

729 qδrrom≠gnδtismHinHultr≠thinHxo—ZHn≠noshδδtseHπromH≠morphousHtoHαryst≠llinδVH2014THdTH_ca 50

728 plδαtroniαH≠nβHtr≠nsportHpropδrtiδsHoπHVUsh≠pδβHβδπδαtHzigz≠gHxo—HZHn≠noribbonsVH2014THZ[THX]b[Xb 7

727 –oomUtδmpδr≠turδHπδrrom≠gnδtismHoπHsinglδUαryst≠llinδHxo—ZHn≠nowirδsVH2014THdTH]acU]bX 11
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726  hδorδtiα≠lHstuβyHonHδlδαtroniαHpropδrtiδsHoπHxo—ZH≠ntiβotHl≠ttiαδsVH2014THYYaTHYY[bX] 12

725 plδαtroniαHstruαturδH≠nβHoptiα≠lHpropδrtiδsHoπHlgUβopδβH—nzZHn≠noribbonsVH2014TH]TH]YcYdU]YcZ] 10

724  woUβimδnsion≠lHsqu≠rδHtδrn≠ryHnuZx×]HPxHhHxoTHWfH×HhH—TH—δQHmonol≠yδrsH≠nβHn≠noribbonsH
prδβiαtδβHπromHβδnsityHπunαtion≠lHthδoryVH2014THcdTH 23

723 V≠llδyUH≠nβHspinUswitαhHδππδαtsHinHmolybβδnumHβisulπiβδHsupδrαonβuαtingHspinHv≠lvδVH2014THdXTH 30

722 —ynthδsisHoπHnolloiβ≠lHZoW[oHxo—ZHy≠nostruαturδsHbyH{ulsδβHw≠sδrHlbl≠tionHinH≠nHzrg≠niαHwiquiβH
pnvironmδntVH2014THYYcTH[XYZXU[XYZa 24

721 —pinHtr≠nsportHpropδrtiδsHoπHp≠rti≠llyHδβgδUhyβrogδn≠tδβHxo—ZHn≠noribbonHhδtδrostruαturδVH2014TH
YY_THZZ[bX_ 22

720 syβrogδn≠tionUinβuαδβHδβgδHm≠gnδtiz≠tionHinH≠rmαh≠irHxo—ZHn≠noribbonH≠nβHδlδαtriαHπiδlβH
δππδαtsVH2014THYX]THXbYdXY 59

719  hrδδUβimδnsion≠lH≠ssδmblyHoπHsinglδUl≠yδrδβHxo—PZQVH2014THZaTHda]Ud 376

718 —inglδUl≠yδrδβHultr≠sm≠llHn≠nopl≠tδsHoπHxo—ZHδmbδββδβHinHα≠rbonHn≠noπibδrsHwithHδxαδllδntH
δlδαtroαhδmiα≠lHpδrπorm≠nαδHπorHlithiumH≠nβHsoβiumHstor≠gδVH2014TH_[THZY_ZUa 777

717 Ultr≠sm≠llHqδâ��zâ��Hn≠nop≠rtiαlδWxo—â��Hn≠noshδδtHαompositδsHwithHsupδriorHpδrπorm≠nαδsHπorHlithiumH
ionHb≠ttδriδsVH2014THYXTHY_[aU][ 232

716 v≠nHβδrHW≠≠lsHtril≠yδrsH≠nβHsupδrl≠ttiαδseHmoβiπiα≠tionHoπHδlδαtroniαHstruαturδsHoπHxo—ZHbyH
intδrα≠l≠tionVH2014THaTH]_aaUbY 92

715 qδwUl≠yδrHxo—ZeH≠HpromisingHl≠yδrδβHsδmiαonβuαtorVH2014THcTH]Xb]Udd 962

714 —pinH≠nβHv≠llδyHtr≠nsportHinHmonol≠yδrsHoπHxo—ZVH2014THYY_THY[[bX[ 22

713 {ol≠rityUrδvδrsδβHrobustHα≠rriδrHmobilityHinHmonol≠yδrHxo—â��Hn≠noribbonsVHJournal of the American 
Chemical SocietyTH2014THY[aTHaZadUb_ 16.4 572

712 qirstUprinαiplδsHinvδstig≠tionHoπHthδHbulkH≠nβHlowUinβδxHsurπ≠αδsHoπHxo—δZVH2014THcdTH 17

711  hδorδtiα≠lH≠spδαtsHoπHW—â��Hn≠notubδHαhδmiα≠lHunzippingVH2014THaTHc]XXU] 4

710 WiβthUH≠nβHδβgδUβδpδnβδntHm≠gnδtiαHpropδrtiδsTHδlδαtroniαHstruαturδsTH≠nβHst≠bilityHoπH—n—δZH
n≠noribbonsVH2014TH_dTHYXZUYXa 12

709 withiumHionHb≠ttδryH≠ppliα≠tionsHoπHmolybβδnumHβisulπiβδHPxo—ZQHn≠noαompositδsVH2014THbTHZXdUZ[Y 1017
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708 qirstU{rinαiplδsH—tuβyHonHthδHplδαtroniαH≠nβHx≠gnδtiαH{ropδrtiδsHoπHZigz≠gHllyU—inHy≠noribbonsVH
2014THZbTHYXbdUYXcZ 4

707 xoβul≠tingHthδH≠tomiαH≠nβHδlδαtroniαHstruαturδsHthroughH≠lloyingH≠nβHhδtδrostruαturδHoπH
singlδUl≠yδrHxo—ZVH2014THZTHZYXYUZYXd 69

706 xo—ZWx×ZHhδtδrobil≠yδrseHb≠nβg≠pHδnginδδringHvi≠HtδnsilδHstr≠inHorHδxtδrn≠lHδlδαtriα≠lHπiδlβVH2014TH
aTHZcbdUca 275

705 xo—ZVH2014TH 36

704 —inglδUw≠yδrδβHUltr≠sm≠llHy≠nopl≠tδsHoπHxo—ZHpmbδββδβHinHn≠rbonHy≠noπibδrsHwithHpxαδllδntH
plδαtroαhδmiα≠lH{δrπorm≠nαδHπorHwithiumH≠nβH—oβiumH—tor≠gδVH2014THYZaTHZYc]UZYcc 138

703 xo—ZHn≠noribbonsH≠sHpromisingHthδrmoδlδαtriαHm≠tδri≠lsVH2014THYX_THY[[YY[ 95

702 pβgδUst≠tδsHπδrrom≠gnδtismHoπHW—ZHn≠noshδδtsVH2014THYX]THZXZ]Xa 30

701 m≠nβHstruαturδHδnginδδringHoπHmonol≠yδrHxo—â��HbyHsurπ≠αδHlig≠nβHπunαtion≠liz≠tionHπorHδnh≠nαδβH
photoδlδαtroαhδmiα≠lHhyβrogδnHproβuαtionH≠αtivityVH2014THaTHY[_a_UbY 50

700 nontrollδβHβopingHoπHsδmiαonβuαtingHtit≠ni≠Hn≠noshδδtsHπorHt≠ilorδβHspinδlδαtroniαHm≠tδri≠lsVH2014TH
aTHY]ZZbU[a 32

699 xoβul≠tingHthδHb≠nβHg≠pHoπHgδrm≠n≠nδHn≠noribbonsHπorHqu≠ntumHwδllHβδviαδsVH2014THYaTHYcXZdU[[ 9

698 {poz e{——H≠nβHgluαosδH≠ssistδβHprδp≠r≠tionHoπHmolybβδnumHβisulπiβδWsinglδUw≠llHα≠rbonH
n≠notubδsHαountδrHδlδαtroβδH≠nβHsδrvδβHinHβyδUsδnsitizδβHsol≠rHαδllsVH2014THY]ZTHacUb_ 27

697 xo—â��HδxhibitsHstrongδrHtoxiαityHwithHinαrδ≠sδβHδxπoli≠tionVH2014THaTHY]]YZUc 132

696  woUβimδnsion≠lHxo—ZHn≠noshδδtsH≠sH≠Hα≠pill≠ryHrnHst≠tion≠ryHph≠sδHπorHhighlyHδππδαtivδHmolδαul≠rH
sαrδδningVH2014THY[dTH[_[[Ua 9

695 mounβ≠ryH≠nβH—ymmδtryHoδtδrminδβHpxαitonHoistributionHinH woHoimδnsion≠lH—iliαonHy≠noshδδtsVH
2014THYYcTHZXXbXUZXXba 23

694 plδαtroniαH{ropδrtiδsHoπHpβgδUsyβrogδn≠tδβH{hosphorδnδHy≠noribbonseHlHqirstU{rinαiplδsH—tuβyVH
2014THYYcTHZZ[acUZZ[bZ 108

693 plδαtroαhδmiα≠llyHinβuαδβHqδntonHrδ≠αtionHoπHπδwUl≠yδrHxo—ZHn≠noshδδtseHprδp≠r≠tionHoπH
luminδsαδntHqu≠ntumHβotsHvi≠H≠Htr≠nsitionHoπHn≠noporousHmorphologyVH2014THaTHdc[YUc 115

692 V≠llδyUH≠nβHspinUπiltδrHinHmonol≠yδrHxo—ZVH2014THYddTH_ZU__ 13

691 UniπormlyHwδttingHβδpositionHoπHnoH≠tomsHonHxo—PZQHmonol≠yδreH≠HpromisingHtwoUβimδnsion≠lH
robustHh≠lπUmδt≠lliαHπδrrom≠gnδtVH2014THaTHYac[_U]X 49

(2014-2014)
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690 plδαtroniαH≠nβHm≠gnδtiαHpropδrtiδsHoπH≠rmαh≠irHxo—ZHn≠noribbonsHunβδrHbothHδxtδrn≠lHstr≠inH≠nβH
δlδαtriαHπiδlβTHstuβiδβHbyHπirstHprinαiplδsHα≠lαul≠tionsVH2014THYYaTHXa][XY 9

689  wδ≠kingHthδHm≠gnδtismHoπHxo—ZHn≠noribbonHwithHhyβrogδnH≠nβHα≠rbonHp≠ssiv≠tionVH2014THZ_THYa_bX[ 17

688 Vδrs≠tilδHplδαtroniαH≠nβHx≠gnδtiαH{ropδrtiδsHoπH—n—δZHy≠nostruαturδsHtnβuαδβHbyHthδH—tr≠inVH2014TH
YYcTHdZ_YUdZaX 52

687 nomput≠tion≠lH—tuβyHoπHxδt≠lHnont≠αtsHtoHxonol≠yδrH r≠nsitionUxδt≠lHoiαh≠lαogδniβδH
—δmiαonβuαtorsVH2014TH]TH 284

686 pππδαtsHoπHVUsh≠pδβHδβgδHβδπδαtH≠nβHsUs≠tur≠tionHonHspinUβδpδnβδntHδlδαtroniαHtr≠nsportHoπHzigz≠gH
xo—ZHn≠noribbonsVH2014TH[bcTHZbXYUZbXb 11

685 –obustHα≠rbonHβioxiβδHrδβuαtionHonHmolybβδnumHβisulphiβδHδβgδsVH2014TH_TH]]bX 547

684 lHnovδlHthrδδHβimδnsion≠lHsδmimδt≠lliαHxo—ZVH2014THYY_THZX][XZ 4

683  opologiα≠lHsupδrαonβuαtivityH≠tHthδHδβgδHoπHtr≠nsitionUmδt≠lHβiαh≠lαogδniβδsVH2014THdXTH 26

682 s≠lπUmδt≠lliαityHinHgr≠phitiαHn[y]Hn≠noribbonseHlnH≠bHinitioHstuβyVH2014THZ_YTHY[caUY[dZ 12

681 lHunivδrs≠lHmδthoβHπorHprδp≠r≠tionHoπHnoblδHmδt≠lHn≠nop≠rtiαlδUβδαor≠tδβHtr≠nsitionHmδt≠lH
βiαh≠lαogδniβδHn≠nobδltsVH2014THZaTHaZ_XU] 58

680  uningHδlδαtroniαH≠nβHoptiα≠lHpropδrtiδsHoπHxo—ZHmonol≠yδrHvi≠Hmolδαul≠rHαh≠rgδHtr≠nsπδrVH2014THZTHYacdZUYacdb123

679 tnH—δ≠rαhHoπH≠H woUoimδnsion≠lHx≠tδri≠lHπorHoylH—δquδnαingVH2014THYYcTHYXc__UYXc_c 33

678 pβgδU—pδαiπiαHluWlgHqunαtion≠liz≠tionUtnβuαδβHnonβuαtivδH{≠thsHinHlrmαh≠irHxo—ZHy≠noribbonsVH
2014THZaTH_aZ_U_a[Y 23

677  hδorδtiα≠lHstuβyHonHstr≠inUinβuαδβHv≠ri≠tionsHinHδlδαtroniαHpropδrtiδsHoπHmonol≠yδrHxo—ZVH2014TH
]dTHabaZUabbY 50

676 UnδxpδαtδβHstrongHm≠gnδtismHoπHnuHβopδβHsinglδUl≠yδrHxo—â��H≠nβHitsHoriginVH2014THYaTHcddXUa 93

675 {rogrδssHonHthδH hδorδtiα≠lH—tuβyHoπH woUoimδnsion≠lHxo—ZHxonol≠yδrH≠nβHy≠noribbonVH2014THYU[_ 2

674 —pinUorbitUαouplδβHqu≠ntumHwirδsH≠nβHx≠jor≠n≠HπδrmionsHonHzigz≠gHδβgδsHoπHmonol≠yδrH
tr≠nsitionUmδt≠lHβiαh≠lαogδniβδsVH2014THcdTH 54

673 pβgδUTHwiβthUH≠nβHstr≠inUβδpδnβδntHsδmiαonβuαtorâ��mδt≠lHtr≠nsitionHinH—n—δHn≠noribbonsVH2014TH]THad[[ 19
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672  uningHplδαtroniαH≠nβHx≠gnδtiαH{ropδrtiδsHoπHp≠rlyH r≠nsitionUxδt≠lHoiαh≠lαogδniβδsHvi≠H δnsilδH
—tr≠inVH2014THYYcTHbZ]ZUbZ]d 171

671 tntroβuαingHthδH ri≠ngul≠rHoδπδαtHtoHpππδαtivδlyHpnginδδrHthδHWiβδHm≠nβHr≠pHoπHmoronHyitriβδH
y≠noribbonsHwithHZigz≠gH≠nβHpvδnHlrmαh≠irHpβgδsVH2014THYYcTHYZccXUYZccd 17

670 rr≠phδnδTHinorg≠niαHgr≠phδnδH≠n≠logsH≠nβHthδirHαompositδsHπorHlithiumHionHb≠ttδriδsVH2014THZTHYZYX] 215

669 x≠gnδtismHbyHintδrπ≠αi≠lHhybriβiz≠tionH≠nβHpUtypδHβopingHoπHxo—PZQHinHqδP]QyWxo—PZQHsupδrl≠ttiαδseH
≠HπirstUprinαiplδsHstuβyVH2014THaTH]_cbUd] 50

668 —truαtur≠lH≠nβHδlδαtroniαHpropδrtiδsHoπHgδrm≠nδnδWxo—ZHmonol≠yδrH≠nβHsiliαδnδWxo—ZHmonol≠yδrH
supδrl≠ttiαδsVH2014THdTHYYX 61

667 qirstUprinαiplδsHstuβyHoπHtr≠nsitionUmδt≠lH≠tomsH≠βsorptionHonHxo—ZHmonol≠yδrVH2014THa[THZbaUZcZ 66

666 {hosphorδnδHy≠noribbonsTH{hosphorusHy≠notubδsTH≠nβHv≠nHβδrHW≠≠lsHxultil≠yδrsVH2014THYYcTHY]X_YUY]X_d 467

665 y≠nosα≠lδH r≠nsitionHxδt≠lHoiαh≠lαogδniβδseH—truαturδsTH{ropδrtiδsTH≠nβHlppliα≠tionsVH2014TH[dTH[YdU[ab 106

664  un≠blδHm≠nβH—truαturδsHoπHsδtδrostruαturδβHmil≠yδrsHwithH r≠nsitionUxδt≠lHoiαh≠lαogδniβδH≠nβH
x×δnδHxonol≠yδrVH2014THYYcTH__d[U__dd 122

663 —α≠lingHl≠wsHπorHthδHb≠nβHg≠pH≠nβHoptiα≠lHrδsponsδHoπHphosphorδnδHn≠noribbonsVH2014THcdTH 226

662 y≠nostruαturδsHprδp≠rδβHπromHsinglδHαryst≠lH≠nβH≠morphousHpowβδrHαonsistδβHoπH
Pys[nsZnsZysZQZ[xozZPzZnYXsaQZ₃VH2014THZdTHZdaU[XX 1

661 lnisotropiαHthδrmoδlδαtriαHbδh≠viorHinH≠rmαh≠irH≠nβHzigz≠gHmonoUH≠nβHπδwl≠yδrHxo—ZHinH
thδrmoδlδαtriαHgδnδr≠torH≠ppliα≠tionsVH2015TH_THY[bXa 44

660  i—[Hn≠noribbonseHWiβthUinβδpδnβδntHb≠nβHg≠pH≠nβHstr≠inUtun≠blδHδlδαtroniαHpropδrtiδsVH2015THdZTH 51

659 mounβ≠ryHαonβitionsHπorHtr≠nsitionUmδt≠lHβiαh≠lαogδniβδHmonol≠yδrsHinHthδHαontinuumHmoβδlVH2015
THdZTH 11

658  r≠nsportHthroughH≠H—inglδHm≠rriδrHonHxonol≠yδrHxo—HZVH2015TH[ZTHYXb[XY 1

657 yovδlH woUoimδnsion≠lHxδαh≠noUplδαtriαHrδnδr≠torsH≠nβH—δnsorsHm≠sδβHonH r≠nsitionHxδt≠lH
oiαh≠lαogδniβδsVH2015TH_THYZc_] 17

656 –obustHoirδαtHm≠nβg≠pHnh≠r≠αtδristiαsHoπHznδUH≠nβH woUoimδnsion≠lH–δ—ZVH2015TH_THY[bc[ 57

655 nollδαtivδHδlδαtroniαHbδh≠viorsHoπHl≠tδr≠llyHhδtδrostruαturδβH≠rmαh≠irHxo—ZUyb—ZHn≠noribbonsVH
2015THYYcTHXc][Xa 11

(2015-2014)
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654 xδt≠lliαH≠nβHπδrrom≠gnδtiαHxo—ZHn≠nobδltsHwithHvδrtiα≠llyH≠lignδβHδβgδsVH2015THcTHZd]aUZd_[ 26

653 xδt≠lliαHsighUlnglδHrr≠inHmounβ≠riδsHinHxonol≠yδrH{olyαryst≠llinδHW—ZVH2015THYYTH]_X[Ub 33

652 oispδrsionUnorrδαtδβHoδnsityHqunαtion≠lH hδoryHtnvδstig≠tionsHoπH—truαtur≠lH≠nβHplδαtroniαH
{ropδrtiδsHoπHmulkHxo—ZeHpππδαtHoπHUni≠xi≠lH—tr≠inVH2015THYXTH][[ 18

651 nlδ≠nHW—ZH≠nβHxo—ZHy≠noribbonsHrδnδr≠tδβHbyHw≠sδrUtnβuαδβHUnzippingHoπHthδHy≠notubδsVH2015TH
YYTH[dYaUZX 20

650 tnnov≠tionH≠nβHβisαovδryHoπHgr≠phδnδUlikδHm≠tδri≠lsHvi≠HβδnsityUπunαtion≠lHthδoryHαomput≠tionsVH
2015TH_TH[aXU[bd 172

649 zptiα≠lHlbsorptionHoπHlrmαh≠irHxo—ZHy≠noribbonseHpnh≠nαδβHnorrδl≠tionHpππδαtsHinHthδH–δβuαδβH
oimδnsionVH2015THYYdTHY[dXYUY[dXa 19

648 —inglδUnryst≠lHltomiαUw≠yδrδβHxolybβδnumHoisulπiβδHy≠nobδltsHwithHsighH—urπ≠αδHlαtivityVH2015THdTHa]bcUc[ 57

647 –oomUtδmpδr≠turδHπδrrom≠gnδtismHinHnoHβopδβHxo—ZHshδδtsVH2015THYbTHY_cZZUc 61

646 nh≠rgδHαomprδssibilityH≠nβHqu≠ntumHm≠gnδtiαHph≠sδHtr≠nsitionHinHxo—ZVH2015THdYTH 2

645  hδHδlδαtroniαHtr≠nsportHpropδrtiδsHoπHgr≠phδnδUlikδHbδrylliumHsulπiβδHn≠noribbonsVH2015TH[bdTHYc[bUYc]Y 6
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oyn≠miαsHtnvδstig≠tionVH2017THYcTHY]b_UY]cX 39

497 sighUxobilityHxultil≠yδrδβHxo—Hql≠kδsHwithHwowHnont≠αtH–δsist≠nαδHrrownHbyHnhδmiα≠lHV≠porH
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d_TH 7

463 pβgδHδigδnUstrδssH≠nβHδigδnUβispl≠αδmδntHoπH≠rmαh≠irHmolybβδnumHβisulπiβδHn≠noribbonsVH2017TH
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274 –obustHonδHβimδnsion≠lityH≠tHtwinHgr≠inHbounβ≠riδsHinHxo—δZVH2019THddTH 2

273 pnginδδringHthδHδlδαtroniαHstruαturδH≠nβHoptiα≠lHpropδrtiδsHoπHmonol≠yδrHY Usπ×ZHusingHstr≠inH≠nβH
δlδαtriαHπiδlβeHlHπirstHprinαiplδsHstuβyVH2019THYYZTH]dU_c 6

272 qirstU{rinαiplδsHstuβyHonHδlδαtroniαHstruαturδH≠nβHoptiα≠lHpropδrtiδsHoπHmonol≠yδrHxoYUxxxPxHhHWH
orHnrQ—ZVH2019THZd_THZZUZ_ 0

271 –δαδntH{rogrδssHonHtrr≠βi≠tionUtnβuαδβHoδπδαtHpnginδδringHoπH woUoimδnsion≠lHZsUxo—ZHqδwH
w≠yδrsVH2019THdTHabc 21

270 –δαδntHoδvδlopmδntsHinHnontrollδβHV≠porU{h≠sδHrrowthHoπHZoHrroupHaH r≠nsitionHxδt≠lH
oiαh≠lαogδniβδsVH2019TH[YTHδYcX]d[d 64

269  hδHδππδαtHoπHstruαtur≠lHβδπδαtsHonHthδHδlδαtronHtr≠nsportHoπHxo—ZHn≠noribbonsHb≠sδβHonHβδnsityH
πunαtion≠lHthδoryVH2019THY[TH__UaZ 1

268 lHsynoptiαHrδviδwHoπHxo—ZeH—ynthδsisHtoH≠ppliα≠tionsVH2019THYZcTHZb]UZdb 120

267 sighU{δrπorm≠nαδTHqlδxiblδTHtnkjδtH{rintδβHsδtδrostruαturδH{hotoβδtδαtorHπorHmiosδnsingH
lppliα≠tionsVH2019TH]THaZYUaZb 1

266 oδrivingHxo—Hn≠noribbonsHπromHthδirHπl≠kδsHbyHαhδmiα≠lHv≠porHβδpositionVH2019TH[XTHZ__aXZ 14

265 tmp≠αtHoπHZigUZ≠gHw≠yδrHonHxo—ZHb≠sδβHy≠noribbonHr≠tδU≠llUlrounβHqiδlβHpππδαtH r≠nsistorVH2019TH

264 x≠gnδtiαHmδh≠viorHinH i—Hy≠noribbonVH2019THYZTH 1

263 {rδβiαtivδHβδsignHoπHintrinsiαHh≠lπUmδt≠lliαityHinHzigz≠gHtungstδnHβiαh≠lαogδniβδHn≠noribbonsVH2019TH
YXXTH 3

262 nryst≠llogr≠phiαHnh≠r≠αtδriz≠tionHoπHml≠αkH{hosphorδnδH≠nβHitsHlppliα≠tionHinHy≠nostruαturδsVH2019
THYZTH 15

261 {robingHthδHδβgδUrδl≠tδβHpropδrtiδsHoπH≠tomiα≠llyHthinHxo—H≠tHn≠nosα≠lδVH2019THYXTH__]] 52

260 nhδmisorptionHoπHmδt≠lliαHr≠βionuαliβδsHonH≠Hmonol≠yδrHxo—ZHn≠noshδδtVH2019THYTHYY]UYZY 6

259 nontrollδβHgrowthHoπH≠tomiα≠llyHthinHxo—δHZHπilmsH≠nβHn≠noribbonsHbyHαhδmiα≠lHv≠porHβδpositionVH
2019THaTHXZ_XXZ 33
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258 w≠tδr≠lHintδrπ≠αδsHoπHtr≠nsitionHmδt≠lHβiαh≠lαogδniβδseHlHst≠blδHtun≠blδHonδUβimδnsion≠lHphysiαsH
pl≠tπormVH2019THddTH 13

257 qirstUprinαiplδHstuβiδsHonHδlδαtronHtr≠nsportHpropδrtiδsHinHπourUtδrmin≠lHxo—ZHn≠noribbonsVH2019TH
__]THdXUda 2

256 WiβthUβδpδnβδntHph≠sδHαrossovδrHinHtr≠nsitionHmδt≠lHβiαh≠lαogδniβδHn≠noribbonsVH2019TH[XTHXb_bXY 4

255 xoβul≠tionHoπHδlδαtroniαHpropδrtiδsH≠nβH—αhottkyHb≠rriδrHinHthδHgr≠phδnδWr≠—HhδtδrostruαturδHbyH
δlδαtriαHg≠tingVH2019TH___THadUb[ 0

254 plδαtroniαHstruαturδH≠nβHm≠gnδtiαHbδh≠viorsHoπHδxπoli≠tδβHxo—Hn≠noshδδtsVH2019TH[YTHY[__XY 7

253 UniπormHxo—ZHn≠nol≠yδrHwithHsulπurHv≠α≠nαyHonHα≠rbonHn≠notubδHnδtworksH≠sHbinβδrUπrδδH
δlδαtroβδsHπorH≠symmδtriα≠lHsupδrα≠p≠αitorVH2019TH]b_THbd[UcXZ 48

252 –δαδntHtnsightsHinH r≠nsitionHxδt≠lH—ulπiβδHsyβroβδsulπuriz≠tionHn≠t≠lystsHπorHthδH{roβuαtionHoπH
Ultr≠HwowH—ulπurHoiδsδleHlH—hortH–δviδwVH2019THdTHcb 44

251 xoβul≠tingHδlδαtroniαH≠nβHm≠gnδtiαHpropδrtiδsHoπHzigz≠gHxo—δZHn≠noribbonsHwithHβiππδrδntHδβgδH
struαturδsVH2019THYXdTHd[UYXX 7

250 rr≠phδnδWα≠rbonHn≠notubδsUsupportδβHZiδglδrUy≠tt≠Hα≠t≠lystsHπorHinHsituHsynthδsisHoπHmδαh≠niα≠llyH
strongTHthδrm≠llyH≠nβHδlδαtriα≠llyHαonβuαtivδHtr≠nsUpolyisoprδnδHn≠noαompositδVH2019THZaTHY 4

249 xiαrosαopiαHobsδrv≠tionHoπHα≠t≠lytiα≠llyHδtαhδβHαh≠nnδlsH≠nβHpitsHinHxo—ZHπl≠kδsVH2019TH]abU]acTHYX_[UYX_c 1

248 —t≠blδHmonol≠yδrHoπHthδH–uzZHstruαturδHbyHthδH{δiδrlsHβistortionVH2019THddTH[baU[c_ 9

247 qirstUprinαiplδsHα≠lαul≠tionsHoπHm≠gnδtiαHδβgδHst≠tδsHinHzigz≠gHnrt[Hn≠noribbonsVH2019TH[c[THb_]Ub_c 5

246 WiβthHβδpδnβδntHstruαtur≠lH≠nβHδlδαtriα≠lHpropδrtiδsHoπHzigz≠gHZn δHn≠noribbonsVH2019TH[c[THb]cUb_[ 4

245 –δαtiπiα≠tionHδππδαtsHoπHn[yHn≠noribbonsUb≠sδβH—αhottkyHjunαtionsVH2019THY]YTH[a[U[ad 7

244 nomput≠tion≠lH{rδβiαtionHoπHthδHwowU δmpδr≠turδHqδrrom≠gnδtiαH—δmiαonβuαtingHZoH—iyH
xonol≠yδrVH2020THZ_bTHYdXXaYd 8

243  hδHspinUtr≠nsportHpropδrtiδsHoπHsinglδHδβgδHoxiβizδβHzigz≠gHxo—ZHn≠noribbonVH2020THYYaTHYY[bc[ 4

242 oδαiphδrHoπHthδHstruαturδH≠nβHsurπ≠αδHαhδmistryHinHmolybβδnumHphosphosulπiβδHonHδlδαtroαhδmiα≠lH
α≠t≠lytiαHhyβrogδnHδvolutionHrδ≠αtionVH2020TH[cZTHZZcUZ[a 8

241 plδαtroniαH≠nβHm≠gnδtiαHpropδrtiδsHoπHthδHu≠nusHxo——δWW——δHsupδrl≠ttiαδHn≠noribboneH≠H
πirstUprinαiplδsHstuβyVH2020THZZTHZ]dcUZ_Xc 5
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240 nh≠rgδH r≠nsportHn≠lαul≠tionH≠longH woUoimδnsion≠lHxδt≠lW—δmiαonβuαtorWxδt≠lH—ystδmsVH2020TH
aXTHcccUcda 1

239 qδrrom≠gnδtiαHpropδrtiδsHoπHxo—ZHπilmHβopδβHbyHqδHusingHαhδmiα≠lHv≠pourHβδpositionVH2020TH[XaTHYY[bba 2

238 xoZnâ��xo—ZHδmbδββδβHrδβuαδβHgr≠phδnδHoxiβδHn≠nohybriβeHppit≠xi≠lHsynthδsisHoπHxoZnHtoH
≠ugmδntHthδHlithiumHstor≠gδHpropδrtiδsHoπHxo—ZVH2020THY_cTHb_aUba_ 5

237 WδbHbuαklδUmδβi≠tδβHroomUtδmpδr≠turδHπδrrom≠gnδtismHinHstr≠inδβHxo—ZHthinHπilmsVH2020THYYaTHXYZ]XY 4

236 —t≠αkingUoδpδnβδntHtntδrl≠yδrHx≠gnδtiαHnouplingHinHZoHnrt[Wnrrδ δ[Hy≠nostruαturδsHπorH
—pintroniαsVH2020TH[THYZcZUYZcc 27

235 x≠gnδtiαHxo—eH≠HpromisingHmiαrow≠vδH≠bsorptionHm≠tδri≠lHwithHbothHβiδlδαtriαHlossH≠nβHm≠gnδtiαH
lossHpropδrtiδsVH2020TH[YTHY[_aXZ 9

234 pππδαtHonHδlδαtroniαH≠nβHm≠gnδtiαHpropδrtiδsHoπHβiππδrδntH–δHβopingHsitδsHonHhyβrogδn≠tδβH
≠rmαh≠irHxo—δZHn≠noribbonVH2020THYYcTHYY[cbZ 5

233 ltomiαHstruαturδHoπHβδπδαtsHinHtr≠nsition≠lHmδt≠lHβiαh≠lαogδniβδsHusingHtr≠nsmissionHδlδαtronH
miαrosαopyVH2020THYabUYdb 2

232 V≠llδyHpumpingHvi≠HδβgδHst≠tδsH≠nβHthδHnonloα≠lHv≠llδyHs≠llHδππδαtHinHtwoUβimδnsion≠lH
sδmiαonβuαtorsVH2020THYXZTH 0

231 pnginδδringHZoHx≠tδri≠lseHlHVi≠blδH{≠thw≠yHπorHtmprovδβHplδαtroαhδmiα≠lHpnδrgyH—tor≠gδVH2020TH
YXTHZXXZaZY 22

230 znδUβimδnsion≠lHδlδαtroniαHinst≠bilitiδsH≠tHthδHδβgδsHoπHxo—ZVH2020THYXZTH 5

229 pxαitonsHinHbδntHbl≠αkHphosphorusHn≠noribbonseHmultiplδHδxαitoniαHπunnδlsVH2020THbTHYXXXda 2

228  hδorδtiα≠lHstuβyHoπHthδH≠βsorptionHbδh≠viorsHoπHg≠sHmolδαulδsHonHthδHluUπunαtion≠lizδβHxo—ZH
n≠noshδδtseHlHsδ≠rαhHπorHhighlyHδππiαiδntHg≠sHsδnsorsVH2020THYYccTHYYZd[_ 5

227 w≠rgδUlrδ≠H{ulsδβHw≠sδrHoδpositδβHxolybβδnumHoisδlδniβδHsδtδrojunαtionH{hotoβioβδsVH2020THYZTH_Ya]_U_Ya_[4

226 {ristinδHδβgδHstruαturδsHoπH OOUph≠sδHtr≠nsitionHmδt≠lHβiαh≠lαogδniβδsHP–δ—δTH–δ—QH≠tomiαHl≠yδrsVH
2020THYZTHYbXX_UYbXYZ 6

225  hδHintδr≠αtionHoπHg≠sHmolδαulδsHwithH≠luminumWsiliαonδHβopδβH—n—ZHn≠noshδδtseHlHβδnsityH
πunαtion≠lHthδoryHinvδstig≠tionVH2020THYYccTHYYZd]a 3

224 qirstHprinαiplδsHstuβyHoπHstruαtur≠lTHoptoδlδαtroniαH≠nβHphotoα≠t≠lytiαHpropδrtiδsHoπH—n—TH—n—δH
monol≠yδrsH≠nβHthδirHv≠nHβδrHW≠≠lsHhδtδrostruαturδVH2020TH_[dTHYYXd[d 9

223  woUβimδnsion≠lHm{W˛†Uls{Hv≠nHβδrHW≠≠lsHhδtδrostruαturδsH≠sHpromisingHphotoα≠t≠lystHπorHw≠tδrH
splittingVH2020THYYbTHXa[dXY 23
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222 —}UtoHp≠ttδrnHβisruptionHinHtr≠nsitionHmδt≠lHβiαh≠lαogδniβδHuosδphsonHjunαtionsHβuδHtoH
nonp≠r≠boliαHβispδrsionHoπHthδHδβgδHst≠tδsVH2020THYXZTH 0

221 y≠nog≠pUb≠sδβH≠llUδlδαtroniαHoylHsδquδnαingHβδviαδsHusingHxo—Hmonol≠yδrsVH2020THZZTHZbX_[UZbX_d 1

220 —truαtur≠lTHδlδαtroniαTH≠nβHtr≠nsportHpropδrtiδsHoπHnoUTHnrUTH≠nβHqδUβopδβHπunαtion≠lizδβH≠rmαh≠irH
xo—ZHn≠noribbonsVH2020THYXTHXd_XZd 0

219 —t≠bilityH≠nβHδlδαtroniαHpropδrtiδsHoπHδβgδsHoπH—n—ZVH2020THYXZTH 2

218 {rδssurδHinβuαδβHl≠ttiαδHδxp≠nsionH≠nβHphononHsoπtδningHinHl≠yδrδβH–δ—ZVH2020THYZcTHXc_dX] 4

217 zptoδlδαtroniαH≠nβHphotoα≠t≠lytiαH≠ppliα≠tionsHoπHhm{U×xéHPxHhHxoTHWfHP×Hâ� HéQHhH—TH—δTH δQHv≠nHβδrH
W≠≠lsHhδtδrostruαturδsVH2020THZZTHZ[XZcUZ[X[b 3

216 {rogrδssH≠nβH{rospδαtsHinH r≠nsitionUxδt≠lHoiαh≠lαogδniβδH–δsδ≠rαhHmδyonβHZoVH2020THYZXTHYZ_a[UYZ_dY 50

215 m≠nβHδnginδδringHoπHborophδnδHsupδrl≠ttiαδHb≠sδβHonHzigz≠gHn≠noribbonseHlHoq HstuβyVH2020TH[]THZX_X[_d 0

214  r≠nsitionHmδt≠lHβiαh≠lαogδniβδHmδt≠m≠tδri≠lsHwithH≠tomiαHprδαisionVH2020THYYTH]aX] 29

213 qδrrom≠gnδtismHinHxolybβδnumHoisulπiβδH hinHqilmsHlnnδ≠lδβHinHx≠gnδtiαHqiδlβsVH2020THYYTHYU_

212 lHboronUδxposδβH imHmonol≠yδrHwithH≠HlowδrHδlδαtrost≠tiαUpotδnti≠lHsurπ≠αδH≠sH≠H
highδrUpδrπorm≠nαδH≠noβδHm≠tδri≠lHπorHwiUionH≠nβHy≠UionHb≠ttδriδsVH2020THZZTHZZZ[aUZZZ][ 5

211 mioδlδαtroniαsU–δl≠tδβHZoHx≠tδri≠lsHmδyonβHrr≠phδnδeHqunβ≠mδnt≠lsTH{ropδrtiδsTH≠nβH
lppliα≠tionsVH2020TH[XTHZXX[b[Z 14

210  un≠blδHplδαtroniαH{ropδrtiδsH≠nβH{otδnti≠lHlppliα≠tionsHoπHm—δW×—ZHP×hxoTHWQHv≠nHβδrHW≠≠lsH
sδtδrostruαturδsVH2020TH[THZXXXY]] 1

209 znδUoimδnsion≠lHx≠gnδtiαHzrβδrH—t≠bilizδβHinHpβgδU–δαonstruαtδβHxo—Hy≠noribbonHvi≠Hmi≠sH
Volt≠gδVH2020THYYTHb_[YUb_[_ 6

208  hδHstruαturδTH≠nβHδlδαtroniαH≠nβHm≠gnδtiαHpropδrtiδsHoπHx×HPxhrlTHtyfH×h—TH—pTH pQHn≠noribbonsVH
2020TH[]THZX_XYac 0

207 ltomiαU—α≠lδHpβgδHxorphologyTH—t≠bilityTH≠nβHzxiβ≠tionHoπH—inglδUw≠yδrHZsU ≠—VH2020THc_THZ__bUZ_a] 1

206 noloss≠lHx≠gnδtiz≠tionH≠nβHri≠ntHnoδrαivityHinHtonUtmpl≠ntδβHPybH≠nβHnoQHxo—Hnryst≠lsVH2020THYZTH_cY]XU_cY]c8

205 xδαh≠nismsH≠nβHlppliα≠tionsHoπH—tδ≠βyU—t≠tδH{hotoluminδsαδnαδH—pδαtrosαopyHinH
 woUoimδnsion≠lH r≠nsitionUxδt≠lHoiαh≠lαogδniβδsVH2020THY]THY]_bdUY]aX] 20
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204 zriδnt≠tionH≠nβHδβgδHp≠ssiv≠tionHmoβul≠tδβHm≠gnδtismHinHphosphorδnδHn≠noribbonsVH2020THY[XTHYbXXZ 1

203 xolδαul≠rHβyn≠miαsHstuβyHoπHthδHπriαtion≠lHpropδrtiδsHoπHmultil≠yδrHxo—VVH2020THYXTHYb]YcUYb]Za 8

202 ZoH ungstδnHnh≠lαogδniβδseH—ynthδsisTH{ropδrtiδsH≠nβHlppliα≠tionsVH2020THbTHZXXXXXZ 17

201 UnvδilingHthδHyuαlδ≠tionHoyn≠miαsH≠nβHrrowthHxδαh≠nismHoπHw≠yδrδβHxo—ZHπromHnryst≠llinδH
vZxo—]HbyHinH—ituH r≠nsmissionHplδαtronHxiαrosαopyVH2020THZXTH]XadU]Xba 4

200 —t≠blδHδβgδHstruαturδsH≠nβHδlδαtroniαHst≠tδsHinHzigz≠gHY OUβiαh≠lαogδniβδHn≠noribbonsVH2020TH[ZTH[a_[X[

199 tntrinsiαHπδrrom≠gnδtiαHsδmiαonβuαtivityHrδ≠lizδβHinH≠HnδwHxo—Hmonol≠yδrVH2020THZZTHY[[a[UY[[ab 1

198 pππiαiδntHgrowthH≠nβHαh≠r≠αtδriz≠tionHoπHonδUβimδnsion≠lHtr≠nsitionHmδt≠lHtδlluriβδsHinsiβδHα≠rbonH
n≠notubδsVH2020THYZTHYbYc_UYbYdX 9

197 pxploringHthδHδlδαtroniαH≠nβHm≠gnδtiαHpropδrtiδsHoπHnoblδHmδt≠lHP{βTH{tTHluQH≠βsorbδβHxo—δZH
monol≠yδrsH≠nβHthδirHpδrπorm≠nαδHtow≠rβsHsδnsingHg≠sHmolδαulδsVH2020THYZZTHYY]Yab 8

196  uningHthδHplδαtroniαH{ropδrtiδsHoπHZoHx≠tδri≠lsHbyH—izδHnontrolTH—tr≠inHpnginδδringTH≠nβHplδαtriαH
qiδlβHxoβul≠tionVH2020TH[_U_[ 2

195 –δαδntHbrδ≠kthroughsHinHtwoUβimδnsion≠lHv≠nHβδrHW≠≠lsHm≠gnδtiαHm≠tδri≠lsH≠nβHδmδrgingH
≠ppliα≠tionsVH2020TH[]THYXXdXZ 16

194 lpt≠sδnsorHm≠sδβHonHxo—ZH}u≠ntumHootsHwithHUpαonvδrsionHqluorδsαδnαδHπorHxiαroαystinUw–H
oδtδαtionHvi≠HthδHtnnδrHqiltδrHpππδαtVH2020TH 4

193 pππδαtHoπH—Hv≠α≠nαyHorHnonUmδt≠lliαH≠tomHPnTHyH≠nβHqQHβopingHonHthδH≠βsorptionHbδh≠viorsHoπH
molδαulδsHPsZ—THmq]QHonHmonol≠yδrHxo—ZVH2020THYZ]THYY]ZdZ 1

192  woUβimδnsion≠lHzUph≠sδHgroupHtttHmonoαh≠lαogδniβδsHπorHphotoα≠t≠lytiαHw≠tδrHsplittingVH2020TH[ZTHXa__XY 2

191 xultiUb≠nβH ightUminβingHxoβδlHoπHxo—ZHxonol≠yδrVH2020TH]dTH[_ddU[aXc 7

190 pππδαtHoπHyitrogδnHβopingHonHthδHδlδαtroniαHtr≠nsportHoπHzigz≠gHxo—ZHn≠noribbonsVH2020THYZXTHYY]X[d 4

189 lHoq HsαrδδningHoπHsinglδHtr≠nsitionH≠tomsHsupportδβHonHxo—H≠sHhighlyHδππiαiδntHδlδαtroα≠t≠lystsHπorH
thδHnitrogδnHrδβuαtionHrδ≠αtionVH2020THYZTHYXX[_UYXX][ 40

188 plδαtroniαHstruαturδTHm≠gnδtiαH≠nisotropyH≠nβHozy≠loshinskiiUxoriy≠Hintδr≠αtionHinHu≠nusHnrt×HP×HhH
mrTHnlQHbil≠yδrsVH2020THZZTHca]bUca_b 13

187 {rospδαtsH≠nβHzpportunitiδsHoπHZoHv≠nHβδrHW≠≠lsHx≠gnδtiαH—ystδmsVH2020TH_[ZTHYdXX]_Z 33
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186 qδrrom≠gnδtiαHbδh≠viorsHinHmonol≠yδrHxo—ZHintroβuαδβHbyHnitrogδnUβopingVH2020THYYaTHXb[YXZ 11

185 —p≠αδUαonπinδβH≠nβHsubstr≠tδUβirδαtδβHsynthδsisHoπHtr≠nsitionUmδt≠lHβiαh≠lαogδniβδHn≠nostruαturδsH
withHtun≠blδHβimδnsion≠lityVH2020THa_THYXY[UYXZY 14

184 ln≠lytiα≠lHstuβyHoπHthδHδlδαtroniαH≠nβHoptiα≠lHpropδrtiδsHoπHthδH≠rmαh≠irHxo—ZHn≠noribbonsVH2020TH
_d]TH]YZ[[b 2

183  woUoimδnsion≠lHw≠yδrδβHx≠tδri≠lseHsighUpππiαiδntHplδαtroα≠t≠lystsHπorHsyβrogδnHpvolutionH
–δ≠αtionVH2020TH[THaZbXUaZda 27

182 Unαonvδntion≠lHx≠gnδtismHinHw≠yδrδβH r≠nsitionHxδt≠lHoiαh≠lαogδniβδsVH2020TH_TH]Z 1

181 n≠t≠lyzδβHvinδtiαHrrowthHinH woUoimδnsion≠lHxo—VHJournal of the American Chemical SocietyTH2020TH
Y]ZTHY[Y[XUY[Y[_ 16.4 18

180 plδαtroniαHstruαturδTHoptoδlδαtroniαHpropδrtiδsH≠nβHδnh≠nαδβHphotoα≠t≠lytiαHrδsponsδHoπHr≠yUrδnH
v≠nHβδrHW≠≠lsHhδtδrostruαturδseH≠HπirstHprinαiplδsHstuβyVVH2020THYXTHZ]YZbUZ]Y[[ 11

179 plδαtroniαH≠nβHoptoδlδαtroniαHpropδrtiδsHoπHv≠nHβδrHW≠≠lsHhδtδrostruαturδHb≠sδβHonHgr≠phδnδUlikδH
r≠yTHbluδHphosphorδnδTH—inTH≠nβHZnzeHlHπirstHprinαiplδsHstuβyVH2020THYZbTHZ]_[XZ 7

178 –δ≠listiαHxoβδlingHoπHxo—â��H{iδzoδlδαtriαH r≠nsistorVH2020THabTH[]_dU[]a_ 1

177 ln≠lysisHoπHs≠llHmobilityHinHtwoUβimδnsion≠lHβisorβδrδβHsystδmsVH2020TH[_THXd_XY_

176 rrowthH≠nβHpropδrtiδsHoπHm≠gnδtiαHtwoUβimδnsion≠lHtr≠nsitionUmδt≠lHαh≠lαogδniβδsVH2020THZZbUZ_Y 2

175 ltomiαHstruαturδH≠nβHβδπδαtHβyn≠miαsHoπHmonol≠yδrHlδ≠βHioβiβδHn≠noβisksHwithHδpit≠xi≠lH≠lignmδntH
onHgr≠phδnδVH2020THYYTHcZ[ 20

174 xultiplδH–δgul≠tionHovδrHrrowthHoirδαtionTHm≠nβH—truαturδTH≠nβHoimδnsionHoπHxonol≠yδrHW—ZHbyH≠H
}u≠rtzH—ubstr≠tδVH2020TH[ZTHZ_XcUZ_Yb 14

173 V≠llδyHpol≠rizδβHαurrδntH≠nβHrδson≠ntHδlδαtroniαHtr≠nsportHinH≠HnonuniπormHxo—ZHzigz≠gH
n≠noribbonVH2020THYXYTH 6

172 nontrollδβHδβgδHβδpδnβδntHst≠αkingHoπHW—UW—HsomoUH≠nβHW—UW—δHsδtδroUstruαturδseHlH
nomput≠tion≠lH—tuβyVH2020THYXTHYa]c 11

171 –δ≠αt≠ntHπriδnβlyHhyβrogδnHδvolutionHintδrπ≠αδHb≠sδβHonHβiU≠nioniαHxo—Hsurπ≠αδVH2020THYYTHYYYa 59

170 —implδHhyβrothδrm≠lH≠ppro≠αhHπorHsynthδsisHoπHπluorδsαδntHmolybβδnumHβisulπiβδHqu≠ntumHβotseH
—δnsingHoπHnrHionH≠nβHαδllul≠rHim≠gingVH2020THYYYTHYYXbbc 8

169 zrg≠niαHoyδHxolδαulδsH—δnsitiz≠tionUpnh≠nαδβH{hotoα≠t≠lytiαHW≠tδrU—plittingHlαtivityHoπHxo—ZH
πromHqirstU{rinαiplδsHn≠lαul≠tionsVH2020THYZ]THa_cXUa_cb 8
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168 xolybβδnumHoisulphiβδHsδtδrointδrπ≠αδsH≠sH{otδnti≠lHx≠tδri≠lsHπorH—ol≠rHnδllsTHpnδrgyH—tor≠gδTH
≠nβHsyβrogδnHpvolutionVH2020THcTHYdXYZdd 5

167 plδαtroniαH≠nβHoptiα≠lHpropδrtiδsHoπHmonol≠yδrHxo—HunβδrHthδHinπluδnαδHoπHpolyδthylδnδiminδH
≠βsorptionH≠nβHprδssurδVVH2020THYXTH]ZXYU]ZYX 7

166 oδπδαtHδnginδδringHonHthδHδlδαtroniαH≠nβHtr≠nsportHpropδrtiδsHoπHonδUβimδnsion≠lH≠rmαh≠irH
phosphorδnδHn≠noribbonsVH2020THZdTHX[b[XZ 5

165 pxpδrimδnt≠lHstuβyHoπHthδHβi≠m≠gnδtismH≠nβHthδHπδrrom≠gnδtismHinHxo—ZHthinHπilmsVH2020THYZaTHY 6

164 {ossiblδHwuttingδrHliquiβHbδh≠viorHoπHδβgδHtr≠nsportHinHmonol≠yδrHtr≠nsitionHmδt≠lHβiαh≠lαogδniβδH
αryst≠lsVH2020THYYTHa_d 12

163 —αulptingHlrtiπiαi≠lHpβgδsHinHxonol≠yδrHxo—HπorHnontrollδβHqorm≠tionHoπH—urπ≠αδUpnh≠nαδβH–≠m≠nH
sotspotsVH2020THY]THaZ_cUaZac 17

162 {rδp≠r≠tionHoπHqδwUw≠yδrδβHWiβδHm≠nβg≠pHxo—ZHwithHy≠nomδtδrHw≠tδr≠lHoimδnsionsHbyHlpplyingH
w≠sδrHtrr≠βi≠tionVH2020THYXTHYa] 14

161 lHβδnsityHπunαtion≠lHthδoryHstuβyHoπHhighUpδrπorm≠nαδHprδUlithi≠tδβHx—HPxHhHxoTHWTHVQHxonol≠yδrsH
≠sHthδHlnoβδHx≠tδri≠lHoπHwithiumHtonHm≠ttδriδsVH2020THYXTHacdb 8

160 norδUshδllHno—Zkxo—ZHn≠nop≠rtiαlδsH≠sH≠nHδππiαiδntHδlδαtroα≠t≠lystHπorHhyβrogδnHδvolutionH
rδ≠αtionVH2020THc[_THY__Za] 8

159 qδrrom≠gnδtiαH≠nβHπδrroδlδαtriαHtwoUβimδnsion≠lHm≠tδri≠lsHπorHmδmoryH≠ppliα≠tionVH2021THY]THYcXZUYcY[ 9

158  hδH—tr≠inH≠nβHplδαtriαHqiδlβHpππδαtsHonHthδHplδαtroniαH≠nβHzptiα≠lH{ropδrtiδsHoπHlrmαh≠irH
xo——δWW——δH—upδrl≠ttiαδHy≠noribboneHlHqirstU{rinαiplδsH—tuβyVH2021THZ_cTHZXXX[aY 2

157 plδαtroαhδmiα≠llyHpxπoli≠tingHxo—ZHintoHltomiα≠llyH hinH{l≠n≠rU—t≠αkingH hroughH≠H—δlδαtivδH
w≠tδr≠lH–δ≠αtionH{≠thw≠yVH2021TH[YTHZXXbc]X 10

156 pnh≠nαδβH—pinH—δδbδαkH hδrmopowδrHinH{tWsolδyHxo—WéqδzHsybriβH—truαturδVH2021THZYTHYcdUYda 9

155 tmprovingHthδHg≠sHsδnsingHpδrπorm≠nαδHoπHxo—ZHn≠noshδδtsHthroughHsilvδrH≠βsorptioneHlH
thδorδtiα≠lHstuβyVH2021THYYd_THYY[Xcb 2

154 —pinUpol≠riz≠tionH≠nβHspinUπlipHthroughH≠Hmonol≠yδrHxo—ZHsupδrl≠ttiαδHvi≠HthδH–≠shb≠HδππδαtVH2021TH
ZXTHYZaUY[] 2

153 qirstU{rinαiplδsHn≠lαul≠tionsHoπHthδHpππδαtsHoπHpβgδHqunαtion≠liz≠tionH≠nβH—izδHonHthδHm≠nβHr≠pHoπH
mδ[yZHy≠noribbonseHtmpliα≠tionsHπorHy≠noδlδαtroniαHoδviαδsVH2021TH]TH]d[U_XZ 2

152 —tuβiδsHoπHZoHmulkH≠nβHy≠noribbonHm≠nβH—truαturδsHinHxoxWYâ��x—ZHllloyH—ystδmHUsingHqullHsp[β_H
 ightUminβingHxoβδlVH2021THZ_cTHZXXX[b_

151 sδtδrogδnδitiδsH≠tHmultiplδHlδngthHsα≠lδsHinHZoHl≠yδrδβHm≠tδri≠lseHqromHloα≠lizδβHβδπδαtsH≠nβH
βop≠ntsHtoHmδsosαopiαHhδtδrostruαturδsVH2021THY]THYaZ_UYa]d 3
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150 pβgδHrδαonstruαtionsHoπHbl≠αkHphosphorδnδeH≠Hglob≠lHsδ≠rαhVH2021THY[TH]Xc_U]XdY 4

149 qirstUprinαiplδsHstuβyHoπHthδHδlδαtroniαHstruαturδsH≠nβHoptiα≠lH≠nβHphotoα≠t≠lytiαHpδrπorm≠nαδsHoπH
v≠nHβδrHW≠≠lsHhδtδrostruαturδsHoπH—i—TH{H≠nβH—inHmonol≠yδrsVVH2021THYYTHY]Za[UY]Zac 6

148 oop≠ntsH≠nβHgr≠inHbounβ≠ryHδππδαtsHinHmonol≠yδrHxo—eH≠HπirstUprinαiplδsHstuβyVH2021THZ[THYYd[bUYYd][ 1

147 –obustHαh≠rgδHsp≠ti≠lHsδp≠r≠tionH≠nβHlinδ≠rlyHtun≠blδHb≠nβHg≠pHoπHlowUδnδrgyHtubδUδβgδH
phosphorδnδHn≠noribbonVH2021TH[TH]]YaU]]Z[ 0

146 plδαtroαhδmiα≠lHqunαtion≠liz≠tionHoπH—δlδαtivδlyHlββrδssδβHxo—ZHy≠noribbonsHπorH—δnsorHoδviαδH
q≠briα≠tionVH2021TH]THYXbaUYXc] 7

145  un≠blδHplδαtroniαH{ropδrtiδsHoπHw≠tδr≠lHxonol≠yδrH r≠nsitionHxδt≠lHoiαh≠lαogδniβδH—upδrl≠ttiαδH
y≠noribbonsVH2021THYYTH

144 qirstUprinαiplδsHstuβyHoπHsZ—HsδnsingHmδαh≠nismHonHthδH{βWVzZHsurπ≠αδVH2021THYYdTHδYdXXd]Y 0

143 x×δnδHm≠tδri≠lsHb≠sδβHprintδβHπlδxiblδHβδviαδsHπorHhδ≠lthα≠rδTHbiomδβiα≠lH≠nβHδnδrgyHstor≠gδH
≠ppliα≠tionsVH2021TH][THddUY[Y 29

142 WorkHqunαtionHpnginδδringHoπHZoHx≠tδri≠lseH hδH–olδHoπH{ol≠rHpβgδH–δαonstruαtionsVH2021THYZTHZ[ZXUZ[Za 4

141 n≠t≠lystUqrδδHrrowthHoπHltomiα≠llyH hinHmiZzZ—δHy≠noribbonsHπorHsighU{δrπorm≠nαδHplδαtroniαsH
≠nβHzptoδlδαtroniαsVH2021TH[YTHZYXYYbX 7

140 zptiα≠lHpropδrtiδsH≠nβHst≠bilityHoπHnδwHtwoUβimδnsion≠lH≠llotropδsHoπH{β—ZTH{β—δZH≠nβH{β——δH
monol≠yδrsVH2021THYZcTHYY]aYY 2

139  woUβimδnsion≠lHn≠nom≠tδri≠lsHwithHδnginδδrδβHb≠nβg≠peH—ynthδsisTHpropδrtiδsTH≠ppliα≠tionsVH2021
TH[bTHYXYX_d 24

138 oimδnsion≠lityU–δβuαδβHqδrmiHwδvδlH{inningHinHnopl≠n≠rHZoHsδtδrojunαtionsVH2021THYZTH]ZddU][X_ 6

137 —δnsingHmδαh≠nismH≠nβHoptiα≠lHpropδrtiδsHoπHsZzHonHthδHsurπ≠αδHoπH{tWVzZeHqirstUprinαiplδsHstuβyVH
2021THYZdTHY[][XY 3

136 nomput≠tion≠lHβδsignHoπHtwoUβimδnsion≠lHm≠gnδtiαHm≠tδri≠lsVHδY_]_ 4

135 x≠gnδtiαHph≠sδHβi≠gr≠mHoπHsinglδUl≠yδrHnrmr[VH 0

134 tnβirδαtUtoUβirδαtHb≠nβHg≠pHαrossovδrHoπHsinglδHw≠llδβHxo—ZHn≠notubδsVH2021THaXTHXa_XXZ 0

133 —ynthδsisH≠nβHαh≠r≠αtδriz≠tionHoπHZoHtr≠nsitionHmδt≠lHβiαh≠lαogδniβδseH–δαδntHprogrδssHπromH≠H
v≠αuumHsurπ≠αδHsαiδnαδHpδrspδαtivδVH2021THbaTHYXX_Z[ 12
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132 qδUπunαtion≠lizδβHzigz≠gHr≠yHn≠noribbonHπorHn≠nosα≠lδHspintroniαWintδrαonnδαtH≠ppliα≠tionsVH2021TH
YZbTHY 4

131  uningHstruαturδTHδlδαtroniαTH≠nβHα≠t≠lytiαHpropδrtiδsHoπHnonUmδt≠lH≠tomHβopδβHu≠nusHtr≠nsitionH
mδt≠lHβiαh≠lαogδniβδsHπorHhyβrogδnHδvolutionVH2021TH__ZTHY]dY]a 11

130 woα≠liz≠tionHoπHδβgδHst≠tδsH≠tHtri≠ngul≠rHβδπδαtsHinHpδrioβiαHxo—ZHmonol≠yδrsVH2021TH_TH 2

129 {hotoα≠t≠lytiαHrδnδr≠tδβHzxygδnH—pδαiδsH{ropδrtiδsHbyHqullδrδnδHxoβiπiδβH woUoimδnsion≠lH
xo—ZH≠nβHoδgr≠β≠tionHoπHlmmoni≠HUnβδrHVisiblδHwightVH2021TH[YTH[_[U[aa

128 pnh≠nαδβHintδrl≠yδrHintδr≠αtionsHinHyiUβopδβHxo—ZTH≠nβHstruαtur≠lH≠nβHδlδαtroniαHsign≠turδsHoπH
βopingHsitδVH2021TH_TH 1

127 qirstU{rinαiplδsH—tuβyHoπHn≠rriδrUxδβi≠tδβH≠nβHV≠α≠nαyUtnβuαδβHqδrrom≠gnδtismHinHxolybβδnumH
oisulπiβδHxonol≠yδrVH[Z[THYaaUYb]

126 –δmotδH{≠ssiv≠tionHinH woUoimδnsion≠lHx≠tδri≠lseH hδHn≠sδHoπHthδHxonol≠yδrUmil≠yδrHw≠tδr≠lH
uunαtionHoπHxo—δVH2021THYZTHcX]aUcX_Z 0

125 tnαrδ≠singHst≠bilityHoπHxo—ZHn≠noribbonsHbyHδβgδHδnginδδringVH2021TH_]cTHYYYZ]Y 3

124 xo—ZHsomojunαtionsH r≠nsistorsHpn≠blδβHbyHoimδnsionH ≠iloringH—tr≠tδgyVH2021THbTHZYXXbX[ 2

123 xoUδβgδHrδαonstruαtionsHinHxo—δZH≠nβHxo—ZeH–δδx≠min≠tionHoπHthδHmδαh≠nismVH2021THYX]TH 2

122 y≠noUp≠ttδrningHonHmultil≠yδrHxo—ZHvi≠HbloαkHαopolymδrHlithogr≠phyHπorHhighlyHsδnsitivδH≠nβH
rδsponsivδHphototr≠nsistorsVH2021THZTH 1

121 rδomδtriαHstruαturδH≠nβHpiδzoδlδαtriαHpol≠riz≠tionHoπHxo—ZHn≠noribbonsHunβδrHuni≠xi≠lHstr≠inVH2021
THZdTHYXXZcd 0

120 x≠gnδtiαHpropδrtiδsHoπHxnUβopδβHmonol≠yδrHxo—ZVH2021TH]Y]THYZba[a 1

119  hδHstruαturδTHδlδαtroniαTHm≠gnδtiαH≠nβHoptiα≠lHpropδrtiδsHoπHthδHnoU×HP×HhHmTHnTHyTHzHorHqQHαoβopδβH
singlδUl≠yδrHW—ZVH2021THY[]THYY]dYb 1

118 –obustHπδrrom≠gnδtismHinHxnH≠nβHnoHβopδβHZoUxo—ZHn≠noshδδtseHoop≠ntH≠nβHph≠sδHsδgrδg≠tionH
δππδαtsVH2021TH_[bTHYacZZa 1

117 znHthδHoptiα≠lHpropδrtiδsH≠nβHβyn≠miα≠lH≠nβHmδαh≠niα≠lHst≠bilityHoπHY H{β——δTH{β— δTH≠nβH{β—δ δH
monol≠yδrsHunβδrHbi≠xi≠lHstr≠inVH2021THZdTHYXZb[_ 1

116 nonstruαtionHoπHmoirˆ'Hsupδrl≠ttiαδHonHthδHxozZHPXYXQHsurπ≠αδsVH2022THaZ]TH]Y[]Zd

115 qδrrom≠gnδtismHoπHtwoUβimδnsion≠lHtr≠nsitionHmδt≠lHαh≠lαogδniβδseHbothHthδorδtiα≠lH≠nβH
δxpδrimδnt≠lHinvδstig≠tionsVH2021THY[THYZbbZUYZbcb 2
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114 oδπδαtHpnginδδringHoπH woUoimδnsion≠lH r≠nsitionUxδt≠lHoiαh≠lαogδniβδseHlppliα≠tionsTH
nh≠llδngδsTH≠nβHzpportunitiδsVH2021THY_THZYa_UZYcY 53

113  pxHstuβyHoπHδβgδHrδαonstruαtionH≠nβHδvolutionHinHmonol≠yδrHbl≠αkHphosphorusVH2021THY[TH]Y[[U]Y[d 4

112 plδαtroniαHstruαturδH≠nβHβyn≠miαHpropδrtiδsHoπHtwoUβimδnsion≠lHWHxoYâ��—ZHtδrn≠ryH≠lloysHπromH
πirstUprinαiplδsHα≠lαul≠tionsVH2020THYcZTHYXdbdb 6

111 {δrπorm≠nαδHoπH≠HyovδlH[oHrr≠phδnδâ��W—ZHsybriβH—truαturδHπorH—oβiumUtonHm≠ttδriδsVH2020THYZ]TH[_[aU[_]Y 4

110 pβgδHphononsHinHbl≠αkHphosphorusVH2016THbTHYZYdY 54

109 {rδβiαtingHsynthδsiz≠blδHmultiUπunαtion≠lHδβgδHrδαonstruαtionsHinHtwoUβimδnsion≠lHtr≠nsitionHmδt≠lH
βiαh≠lαogδniβδsVH2020THaTH 10

108  hδHb≠nβHstruαturδHδnginδδringHoπHπluorinδUp≠ssiv≠tδβHgr≠phβiynδHn≠noribbonsHβopingHwithHmyH
p≠irsHπorHovδr≠llHphotoα≠t≠lytiαHw≠tδrHsplittingVH2020THZZTHZadd_UZbXXY 3

107 –oomHtδmpδr≠turδHπδrrom≠gnδtiαH≠nβH≠mbipol≠rHbδh≠viorsHoπHxo—ZHβopδβHbyHm≠ng≠nδsδHoxiβδH
usingH≠nHδlδαtroαhδmiα≠lHmδthoβVH2017THYYXTHZZZYX] 7

106 lβsorptionHoπHg≠sHmolδαulδsHoπHnsTHnzH≠nβHszHonHthδHv≠n≠βiumHβioxiβδHmonol≠yδreHnomput≠tion≠lH
mδthoβH≠nβHmoβδlVH2020TH 2

105 x≠αhinδHlδ≠rningHinHm≠tδri≠lsHβδsigneHllgorithmH≠nβH≠ppliα≠tionVH2020THZdTHYYaYX[ 11

104  un≠blδHh≠lπUmδt≠lliαityH≠nβHδβgδHm≠gnδtismHoπHsUs≠tur≠tδβHtn—δHn≠noribbonsVH2018THZTH 10

103 —tr≠inUαontrollδβHm≠gnδtiαH≠nβHoptiα≠lHpropδrtiδsHoπHmonol≠yδrHZsâ�� ≠—δZVH2019TH[TH 7

102 }u≠siUtwoUβimδnsion≠lHtr≠nsitionHmδt≠lHβiαh≠lαogδniβδseHstruαturδTHsynthδsisTHpropδrtiδsH≠nβH
≠ppliα≠tionsVH2018THYccTH[U[X 6

101  hδHδππδαtHoπHstr≠inHonHb≠nβHstruαturδHoπHsinglδUl≠yδrHxo—ZeH≠nH≠bHinitioHstuβyVH2012THaYTHZZbYXZ 15

100 qirstUprinαiplδsHstuβyHonHthδHδlδαtroniαHstruαturδsHoπHnrUH≠nβHWUβopδβHsinglδUl≠yδrHxo—ZVH2013THaZTHX[bYX[ 13

99 x≠gnδtismHoπHVTHnrH≠nβHxnHβopδβHxo—ZHbyHπirstUprinαip≠lHstuβyVH2013THaZTHYcbYXZ 8

98 nomput≠tion≠lHsynthδsisHoπHZoHm≠tδri≠lsHgrownHbyHαhδmiα≠lHv≠porHβδpositionVHY 1

97  ipUpnh≠nαδβH–≠m≠nH—pδαtrosαopyHoπHZoH—δmiαonβuαtorsVH 0
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96 zptimumHv≠lδnαδHbonβHsαhδmδHπorHitsH≠ppliα≠tionsHtoHthδHprδβiαtionHoπHn≠noUstruαturδsH≠nβHthδH
stuβyHoπHm≠ttδrHpropδrtiδsVH2013THaZTHXd[aXY

95 pππδαtsHoπHw≠THnδH≠nβHyβHβopingHonHthδHδlδαtroniαHstruαturδHoπHmonol≠yδrHxo—ZVH2014THa[THXab[XY 4

94 —ulπiβδsVH2015THaYYUa_Y

93  uningHthδHδlδαtroniαHpropδrtyHoπHmonol≠yδrHxo—ZH≠βsorbδβHonHmδt≠lHluHsubstr≠tδeH≠H
πirstUprinαiplδsHstuβyVH2015THa]THYcbYXY 0

92 qirstUprinαiplδsHn≠lαul≠tionsHonHx≠gnδtismHoπHYsWY Hmounβ≠ryHinHxonol≠yδrHxo—ZVH2016THZaTHbYUb_

91 —t≠bilityHoπHδβgδHm≠gnδtismH≠g≠instHβisorβδrHinHzigz≠gHxo—ZHn≠noribbonsVH2019TH[TH 1

90 pnginδδringHoπHw≠yδrδβHxδt≠lHoiαh≠lαogδniβδseHtntroβuαingHtmpδrπδαtionsHtoHx≠kδHitH{δrπδαtVH

89  hδHspinUpol≠rizδβHδβgδHst≠tδsHoπHbluδHphosphorδnδHn≠noribbonsHinβuαδβHbyHδlδαtriαHπiδlβH≠nβH
δlδαtronHβopingVH2021TH[[THYX_[XZ 0

88 nh≠lαogδniβδsVH2020THa[YUc[[

87 sδtδrostruαturδsHoπHtwoUβimδnsion≠lHtr≠nsitionHmδt≠lHβiαh≠lαogδniβδseHqorm≠tionTH≠bHinitioH
moβδllingH≠nβHpossiblδH≠ppliα≠tionsVH2021TH

86 m≠nβHr≠pHpnginδδringHoπH wistδβHmil≠yδrHxo—ZH—hδδtsVH2020THYabaTHXYZYa]

85 x≠gnδtiαHbδh≠viorsHoπHsinglδHαryst≠lUxo—ZHPxo—ZU—nQH≠nβHn≠nop≠rtiαlδUxo—ZHPxo—ZUy{QH≠nβH
biUl≠yδrUxo—ZHthinHπilmVH2022TH_]aTHYacca[ 0

84 solδyH—ubstr≠tδUoirδαtδβH—tr≠inH{≠ttδrningHinHmil≠yδrHxo—VH2021TH 1

83 y≠noribbonsHoπHZoHm≠tδri≠lseHlHrδviδwHonHδmδrgingHtrδnβsTHrδαδntHβδvδlopmδntsH≠nβHπuturδH
pδrspδαtivδsVH2022TH]_[THZY][[_ 4

82 tntriguingHδlδαtroniαTHoptiα≠lH≠nβHphotoα≠t≠lytiαHpδrπorm≠nαδHoπHm—δTHxnzHmonol≠yδrsH≠nβH
m—δUxnzHPxHhH iTHZrTHsπQHv≠nHβδrHW≠≠lsHhδtδrostruαturδsVVH2021THYZTH]ZU_Z 2

81 tmprovδβHphotoα≠t≠lytiαH≠αtivityH≠nβHst≠bilityHoπHbl≠αkHphosphorusWmultiUw≠llδβHα≠rbonHn≠notubδH
hybriβHπorH–hmHβδgr≠β≠tionVVH2022TH 0

80 qirstU{rinαiplδsHn≠lαul≠tionsHoπHrr≠phδnδUW—ZHy≠noribbonsHlsHplδαtroβδHx≠tδri≠lHπorH
x≠gnδsiumUtonHm≠ttδriδsVH2022TH_YTHdbcUdc] 0

79 rrowthH≠nβHzptoδlδαtroniαH{ropδrtiδsHoπHw≠rgδU—α≠lδHmil≠yδrHW—ZH–ibbonsHwithHUnusu≠lH—h≠pδsHvi≠H
nhδmiα≠lHV≠porHoδpositionVH2022THYZaTHYXddUYYXa 0

(2022-2013)
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78 qirstUprinαiplδsHinvδstig≠tionHoπHαoppδrHβiππusionHb≠rriδrHpδrπorm≠nαδHinHβδπδαtivδHZoHl≠yδrδβH
m≠tδri≠lsVVH2022TH 0

77 tmprovδβHzptiα≠lH≠nβHplδαtroniαH{ropδrtiδsHoπH—inglδUw≠yδrHxo—ZHbyHnoHoopingHπorH{romisingH
tntδrmδβi≠tδHUHm≠nβHx≠tδri≠lsVHdX_THdaUYXZ

76 plδαtroniαTHoptiα≠lTH≠nβHα≠t≠lytiαHpropδrtiδsHoπHπinitδH≠ntimonδnδHn≠noribbonseHπirstHprinαiplδsHstuβyVH
2022THdbTHX[_cXZ 1

75 oisαovδryHoπHhighHthδrmoδlδαtriαHpδrπorm≠nαδHoπHW—ZUW—δZHn≠noribbonsHwithHsupδrl≠ttiαδH≠nβH
u≠nusHstruαturδsVH2022THdX[THYa[c_X 0

74 xorphologiα≠lHpvolutionHoπHxonol≠yδrHxo—ZH—inglδUnryst≠llinδHql≠kδsVH 0

73 pππδαtsHoπHv≠nHβδrHW≠≠lsHintδr≠αtionHonHthδH≠βsorptionHoπHsZHonHxo—ZHmonol≠yδrsH≠nβHn≠noribbonsVH
2022TH___THYYY]]a

72 {l≠smoniαHhotUδlδαtronH≠ssistδβHph≠sδHtr≠nsπorm≠tionHinHZoUxo—ZHπorHthδHhyβrogδnHδvolutionH
rδ≠αtioneHαurrδntHst≠tusH≠nβHπuturδHprospδαtsVH 1

71 plδαtroniαH≠nβHoptiα≠lHpropδrtiδsHoπH≠HnovδlHtwoUβimδnsion≠lHsδmiαonβuαtorHm≠tδri≠lH l{t—eH≠H
πirstUprinαiplδsHstuβyVVH2022TH 2

70 tnUsituHhighHprδssurδHstuβyHoπHrhδniumHβisulπiβδHusingHpol≠rizδβH–≠m≠nHspδαtrosαopyVH2022TH 0

69 nomput≠tion≠lHoδsignHoπHr≠sH—δnsorsHm≠sδβHonHV—Hxonol≠yδrVVH2022THYZTH 0

68  un≠blδHb≠nβHg≠psH≠nβHoptiα≠lH≠bsorptionHpropδrtiδsHoπHbδntHxo—Hn≠noribbonsVVH2022THYZTH[XXc 1

67 oδnsityHqunαtion≠lH hδoryHn≠lαul≠tionsHoπHthδH—t≠bilityTHplδαtroniαH—truαturδTH≠nβHx≠gnδtismHoπH
–δ—ZHy≠noribbonseHlnHpmδrgingHx≠tδri≠lHπorHplδαtroα≠t≠lytiαH–δ≠αtionsVH2022TH_THZ[c_UZ[d] 0

66 qirstUprinαiplδsHstuβyHonHthδH≠tomiαHstruαturδHoπHtwoUβimδnsion≠lHmolybβδnumHboriβδVH2022THdTHX[_XXZ

65 plδαtroniαH≠nβHm≠gnδtiαHpropδrtiδsHoπHhonδyαombH≠rsδniαHphosphorusHn≠noribbonsHvi≠H≠H
πirstUprinαiplδsHstuβyVH

64  r≠nsitionHxδt≠lHoiαh≠lαogδniβδHoimδrHy≠no≠ntδnn≠sHπorH ≠ilorδβHwightUx≠ttδrHtntδr≠αtionsVVH2022TH 0

63 zββâ��δvδnHδππδαtH≠nβHb≠nβg≠pHmoβul≠tionHbyHnUsHβopingHinH≠rmαh≠irHn≠noribbonsHoπHmonol≠yδrH
W—ZVH2022TH[]bTHYY]bYd

62 {hotoα≠t≠lytiαHhyβrogδnHδvolutionHrδ≠αtionHwithHhighHsol≠rUtoUhyβrogδnHδππiαiδnαyHβrivδnHbyHthδH
—bZ—[Hmonol≠yδrH≠nβH–utZW—bZ—[HhδtδrostruαturδHwithHsol≠rHlightVH2022TH_[ZTHZ[Y[_Z 3

61 xoβul≠tionHoπHstr≠inHonHδlδαtroniαHstruαturδH≠nβHαont≠αtHtypδHoπHm{W—n—Hv≠nHβδrHw≠≠lsH
hδtδrostruαturδVH2022TH__THYZ_YXZ 1
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60 yiαkδlHp≠rtiαlδUδn≠blδβHwiβthUαontrollδβHgrowthHoπHbil≠yδrHmolybβδnumHβisulπiβδHn≠noribbonsVH
2021THbTHδ≠bkYcdZ 2

59 y≠nowirδUtoUy≠noribbonHnonvδrsionHinH r≠nsitionUxδt≠lHnh≠lαogδniβδseHtmpliα≠tionsHπorH
znδUoimδnsion≠lHplδαtroniαsH≠nβHzptoδlδαtroniαsVH2022TH_THYbb_UYbcZ 2

58 oirδαtHVisu≠liz≠tionHoπH—truαtur≠lHoδπδαtsHinHZoH—δmiαonβuαtorsVH

57 sighHpδrπorm≠nαδHqu≠ntumHpiδzotroniαHtunnδlingHtr≠nsistorHb≠sδβHonHδβgδHst≠tδsHoπHxo—ZH
n≠noribbonVH2022THdcTHYXbZb_ 1

56 tntriguingHintδrπ≠αi≠lHαh≠r≠αtδristiαsHoπHthδHn—Hαont≠αtHwithHx×HPxHhHxoTHWfH×HhH—TH—δTH δQH≠nβHx×éH
PP×Hâ� HéQHhH—TH—δTH δQHmonol≠yδrsVVH2022THYZTHYZZdZUYZ[XZ 0

55 xo—â��Hy≠noribbonH r≠nsistorHπorHwogiαHplδαtroniαsVH2022THYUa

54 –δgul≠tingHδlδαtroniαH≠nβHm≠gnδtiαHpropδrtiδsHoπHY OU–δ—ZHbyHπ≠briα≠tingHn≠noribbonsH≠nβH
tr≠nsitionUmδt≠lHβopingeHlHthδorδtiα≠lHstuβyVH 0

53 nhδmiα≠lHV≠porHoδpositionHrrowthHoπHxo—HonHgUnyHy≠noshδδtsHπorHpππiαiδntH–δmov≠lHoπH
 δtr≠αyαlinδHsyβroαhloriβδVVH2022TH 3

52 zxygδnUlssistδβHlnisotropiαHnhδmiα≠lHptαhingHoπHxo—δZHπorHpnh≠nαδβH{hototr≠nsistorsVH2022TH[]TH]ZYZU]ZZ[ 2

51 Vibr≠tion≠lHspδαtrosαopyHonHsolutionUβispδrsδβHxo—ZHπorHinkjδtUprintδβHphotoβδtδαtorsVH2022TH_TH]bbU]cb 2

50  hδHqu≠ntumHαonπinδmδntHδππδαtsHonHthδHδlδαtroniαHpropδrtiδsHoπHmonol≠yδrHrδ—Hn≠noribbonHwithH
tubδUδβgδβHrδαonstruαtionVVH2022TH 1

49 x≠gnδtiαHzrβδrTHplδαtriα≠lHoopingTH≠nβHnh≠rgδU—t≠tδHnouplingH≠tHlmphotδriαHoδπδαtH—itδsHinH
xnUoopδβHZoH—δmiαonβuαtorsVH 1

48 plδαtroniαH{ropδrtiδsHoπHoδπδαtivδHu≠nusHxo——δHxonol≠yδrVH2022THY[TH]cXbU]cY] 1

47 —tr≠inUxoβul≠tδβHx≠gnδtismHinHxo—ZVH2022THYZTHYdZd 0

46 pβgδHm≠gnδtismHinHtr≠nsitionHmδt≠lHβiαh≠lαogδniβδHn≠noribbonseHxδ≠nHπiδlβHthδoryH≠nβH
βδtδrmin≠ntHqu≠ntumHxontδHn≠rloVH2022THYX_TH 0

45 pnh≠nαδβHyZUtoUys[HαonvδrsionHδππiαiδnαyHonHnu[{Hn≠noribbonHδlδαtroα≠t≠lystVH 7

44 pnh≠nαδβHmδαh≠niα≠lTHthδrm≠lTH≠nβHtribologiα≠lHpδrπorm≠nαδHoπHZoUl≠min≠tδβHmolybβδnumH
βisulπiβδW–rzHn≠nohybriβHπillingHphδnoliαHrδsinHαompositδsVH 2

43 ppit≠xi≠lHgrowthHoπHinαhUsα≠lδHsinglδUαryst≠lHtr≠nsitionHmδt≠lHβiαh≠lαogδniβδsHthroughHthδHp≠tαhingH
oπHuniβirδαtion≠llyHoriδnt≠tδβHribbonsVH2022THY[TH 1

(2022-2021)

45



42 tnUsituHπorm≠tionHoπHlrδUx×éPxHhHxoTHWfHP×Hâ� HéQHhH—TH—δTH δQHv≠nHβδrHW≠≠lsHhδtδrostruαturδVH2022TH
[Y[THYZ[Zc]

41 oopingH≠nβHβδπδαtHδnginδδringHinβuαδβHδxtrδmδlyHhighHm≠gnδtiz≠tionH≠nβHl≠rgδHαoδrαivityHinHnoH
βopδβHxo δZVH2022THdYcTHYa_b_X 1

40 –δvδ≠lingHthδH–olδHoπHβUzrbit≠lHzααup≠tionHinHpβgδH–δαonstruαtionHoπHY U r≠nsitionUxδt≠lH
oiαh≠lαogδniβδsVH2022THYZaTHYY[cdUYY[dd 2

39 tsol≠tδβHyiH≠tomsHinβuαδβHδβgδHst≠bilitiδsH≠nβHδquilibriumHsh≠pδsHoπHnVoUprδp≠rδβHhδx≠gon≠lH
boronHnitriβδHonHyiPYYYQHsurπ≠αδVH 5

38 {hotorδβoxHnPHspH[HQâ��nPHspH[HQHnrossUoδhyβrogδn≠tivδHnouplingHoπH×≠nthδnδHwithH˛†UkδtoHxoiδtyH
usingHxo—HZH}u≠ntumHootHP}oQHn≠t≠lystVVH 0

37 —ynthδsisHoπHmonol≠yδrHZoHxo—HZHqu≠ntumHβotsH≠nβHn≠nomδshHπilmsHbyHinorg≠niαHmolδαul≠rH
αhδmiα≠lHv≠porHβδpositionHπorHqu≠ntumHαonπinδmδntHδππδαtHαontrolVH 1

36 }u≠siU{l≠n≠rHtδtr≠αoorβi≠ntδHα≠rbonHyδtworksHwithHtun≠blδHδlδαtroniαHpropδrtiδsHαombinδβHwithH
Ultr≠UsighHα≠rriδrHmobilityH≠nβHoptiα≠lH≠bsorptionHnoδππiαiδnteH woUβimδnsion≠lHmδZnVH2022THaX]THY_]a]]

35 plδαtronHtr≠nsportHpropδrtiδsHoπH{t—δZHn≠noribbonsHwithHβistinαtHδβgδHrδαonstruαtionsVH2022THYZTHZ_cbZUZ_ccX0

34 lHbriδπHrδviδwHoπHrδαonstruαtionsH≠nβHδlδαtroniαHstruαturδsHoπHxo—ZHzigz≠gHδβgδsVH2022THY[ZTHXcXbXZ 1

33 tβδntiπyingHtopologiα≠lHsupδrαonβuαtivityHinHtwoUβimδnsion≠lHtr≠nsitionUmδt≠lHβiαh≠lαogδniβδsVH
2022THaTH 0

32 plδαtroniαH≠nβH r≠nsportH{ropδrtiδsHoπHnov≠lδntHqunαtion≠lizδβHxonol≠yδrHxo—ZHbyHqδrroαδnδH
oδriv≠tivδsVH 0

31 —δlπU{≠ssiv≠tδβHxδt≠lHvlδinHpβgδHoπHY U{h≠sδH r≠nsitionHxδt≠lHoiαh≠lαogδniβδsH≠nβHthδHtnβuαδβH
sighUpππiαiδntHsyβrogδnHpvolutionH–δ≠αtionHlαtivityVHZZXc]Y] 1

30 –δπr≠αtoryUxδt≠lUm≠sδβHnh≠lαogδniβδsHπorHpnδrgyVHZZXbbX_ 0

29 sighUwuminδsαδnαδH≠nβH—ubmillimδtδrU—α≠lδHxo—ZHxonol≠yδrHrrowthHUsingHnombin≠tion≠lH{h≠sδH
{rδαursorsHvi≠Hnhδmiα≠lHV≠porHoδpositionVH 0

28 –obustHroomUtδmpδr≠turδHπδrrom≠gnδtismHinβuαδβHbyHβδπδαtHδnginδδringHinHmonol≠yδrHxo—ZVH
2022THY__ZZX 0

27 tnsightsHintoHthδHmultiπunαtion≠lH≠ppliα≠tionsHoπHstr≠tδgiα≠llyHnoHβopδβHxo—ZHn≠noπl≠kδsVH 0

26 pxπoli≠tionHoπHxo—ZH}u≠ntumHootseH–δαδntH{rogrδssH≠nβHnh≠llδngδsVH2022THYZTH[]a_ 0

25 }u≠ntumHαonβuαt≠nαδHoπHxo—LL₆ZLLH≠rmαh≠irHstr≠inδβHn≠noribbonseH≠Hthδorδtiα≠lHstuβyVH2022TH
YZcTH 0
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24 }u≠ntumHm≠niπδst≠tionsHinHδlδαtroniαHpropδrtiδsHoπHbil≠yδrHphosphorδnδHn≠noribbonsVH 0

23 pxpδrimδnt≠lHvδriπiα≠tionHoπH—zZH≠nβH—HβδsorptionHαontributingHtoHβδπδαtHπorm≠tionHinHxo—ZHbyH
thδrm≠lHβδsorptionHspδαtrosαopyVH 0

22 rδomδtriαHsh≠pδsH≠nβHv≠α≠nαyHr≠tδsHπorHthδHmoβul≠tionHoπHthδHδlδαtroniαH≠nβHtr≠nsportHpropδrtiδsH
inHxo—ZHn≠noπl≠kδsVH2023TH]aTH[]U[d 0

21 y≠nostruαturδβH r≠nsitionHxδt≠lHoiαh≠lαogδniβδHxultil≠yδrsHπorHlβv≠nαδβHy≠nophotoniαsVHZZXXX_b 0

20 —tr≠inHtnβuαδsHqδrrom≠gnδtismHinH≠Hu≠nusH r≠nsitionHxδt≠lHoiαh≠lαogδniβδseHnr— δUYsHxonol≠yδrVH 1

19 x≠nipul≠tionHoπHπδrrom≠gnδtismHinHintrinsiαHtwoUβimδnsion≠lHm≠gnδtiαH≠nβHnonm≠gnδtiαHm≠tδri≠lsVH
2022TH_TH]ZYZU]Zb[ 0

18 pππδαtHoπHxo—δZHn≠noribbonsHwithHyW[XHδβgδHrδαonstruαtionsHonHδlδαtroniαH≠nβHα≠t≠lytiαH
propδrtiδsHbyHstr≠inHδnginδδringVH 0

17 nh≠rgδUinβuαδβHph≠sδHtr≠nsitionHinHδnα≠psul≠tδβHsπ δZHn≠noribbonsVH2023THbTH 0

16 noUH≠nβHyβUnoβopingUtnβuαδβHsighHx≠gnδtiz≠tionHinHw≠yδrδβHxo—HZHnryst≠lsVHZZXX[]c 0

15 pππδαtsHoπHδβgδHtypδH≠nβHrδαonstruαtionHonHthδHδlδαtroniαHpropδrtiδsH≠nβHm≠gnδtismHoπHY jU–δ—ZH
n≠noribbonseHlHstuβyHb≠sδβHonHoq Hα≠lαul≠tionsVH2023TH_abTHYbX[_Y 1

14 {rogrδssHinHtr≠nsitionHmδt≠lHαh≠lαogδniβδsUb≠sδβHαountδrHδlδαtroβδHm≠tδri≠lsHπorHβyδUsδnsitizδβH
sol≠rHαδllsVH2023THY_aTHYXbZb[ 0

13 oδsignHoπHnovδlHtypδUtHPtypδUttQHb≠nβH≠lignmδntHinHrδnUV×éHPV´ h´ nlTHmrfHé´ h´ —δTH δQHv≠nHβδrHW≠≠lsH
hδtδrostruαturδHπorHoptoδlδαtroniαH≠nβHrδnδw≠blδHδnδrgyH≠ppliα≠tionVH2023THaY_THY_aZaX 1

12 pmδrgδntHm≠gnδtiαUnonm≠gnδtiαHtr≠nsitionHinHstr≠inUtunδβHzigz≠gUδβgδβH{t—δZHn≠noribbonVH2023TH
_TH 0

11 w≠yδrU—truαturδβHlnisotropiαHxδt≠lHnh≠lαogδniβδseH–δαδntHlβv≠nαδsHinH—ynthδsisTHxoβul≠tionTH≠nβH
lppliα≠tionsVH 0

10 nontrollingH≠nβHvisu≠lizingHπr≠αturδHoπHZoHαryst≠lsHbyHwrinklingVH2023THYb]THYX_Z_[ 0

9 ZoHxgZxZ×_HPx´ h´ mTHllTHr≠THtnTH lfH×´ h´ —TH—δTH δQHmonol≠yδrseHyovδlHst≠blδHsδmiαonβuαtorsHπorHw≠tδrH
splittingHphotoα≠t≠lystsVH2023THaZYTHY_acdZ 0

8 —tr≠inHinβuαδβHstruαtur≠lHαh≠ngδsH≠nβHm≠gnδtiαHorβδringHinHthinHxo—ZHπl≠kδsH≠sH≠HαonsδquδnαδHoπH
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