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88 rnδluβncβFoδFnlβctronFmonorF₆nαFjccβptorFproupsFNyushSyullF}ystβmOFonF}tructurβTFnlβctronicF₆nαF
xptic₆lFyropβrtiβsFoδF[XXüFjnnulβnβTF2021RFW[RF}W]VS}W_X 0

87 y₆ll₆αiumNrrOF₆nαFyl₆tinumNrrOFyorphyrinFmonorsFδorFxrπ₆nicFyhotovolt₆icsTF 2

86 rm₆πβ_WTpαδTF2018RF

85 rm₆πβ_XTpαδTF2018RF

84 T₆−lβ_WTpαδTF2018RF

83 m₆t₆_}hββt_WTmxl–TF2020RF

82 }ynβrπisticFβnαSc₆ppβαFβnπinββrinπFonFnonSδusβαFthiophβnβFrinπS−₆sβαF₆ccβptorsFtoFβnh₆ncβFthβF
photovolt₆icFpropβrtiβsFoδForπ₆nicFsol₆rFcβllsTTF2022RFWXRFWXYXWSWXYYZ 5

81 lonstructinπFtwoSαimβnsion₆lFcrossβαFmolβcul₆rFp₆ckinπFthrouπhF−r₆nchinπFch₆inFβnπinββrinπFoδF
₆minoSinαβnoδluorβnβFαβriv₆tivβsTF

80 }ymmβtrySkrβ₆kinπFlh₆rπβF}βp₆r₆tionFinFwitroπβnSkriαπβαFw₆phth₆lβnβFvonoimiαβFmimβrTF 3

79 Thβorβtic₆lFinvβstiπ₆tionFoδFδusβαFwSmβthylSαithiβnoSpyrrolβFαβriv₆tivβsFinFthβFcontβxtFoδF
₆ccβptorâ��αonorâ��₆ccβptorF₆ppro₆chTF2022RFWXRFWZZXXSWZZYZ 0

78 mβsiπninπFqiπhSyβrδorm₆ncβFwonδusβαF{inπFnlβctronFjccβptorsF}ynβrπistic₆llyFjαjustinπF}iαβF
lh₆insF₆nαFnlβctronS”ithαr₆winπFnnαSproupsTTF2022RF 0

77 wonδullβrβnβFwβ₆rSrnδr₆rβαF}βnsitivβFjccβptorsFâ��xct₆cyclicFw₆phtho[WRXS−c[R]S−üFmithiophβnβF
lorβâ��FδorFxrπ₆nicF}ol₆rFlβllFjpplic₆tionscFrnF}ilicoFvolβcul₆rFnnπinββrinπTF 2

76 }pβctroscopicF{βcoπnitionFoδFvβt₆lFronsF₆nαFwonSuinβ₆rFxptic₆lFNwuxOFyropβrtiβsFoδF}omβF
oluorin₆tβαFyolyNWRYRZSxx₆αi₆zolβSnthβrOsTF2022RFWVRFWaY

75 nxcit₆tionSmβpβnαβntFlircul₆rlyFyol₆rizβαFuuminβscβncβFδromFqβlic₆lFjssβm−liβsF−₆sβαFonFT₆rt₆ricF
jciαSαβrivβαFjcylhyαr₆zonβsTF

74 jchiβvinπF}ymmβtrySkrβ₆kinπFlh₆rπβF}βp₆r₆tionFinFyβrylβnβαiimiαβFTrimβrscFThβFnδδβctFoδFkriαπβF
{βson₆ncβTTF2022RF 1

73 nxcit₆tionSmβpβnαβntFlircul₆rlyFyol₆rizβαFuuminβscβncβFδromFqβlic₆lFjssβm−liβsFk₆sβαFonFT₆rt₆ricF
jciαSmβrivβαFjcylhyαr₆zonβsTTF2022RFβXVXXV[]YY 2

72 rnαolo[YRXRWSüc₆r−₆zolβSmβrivβαFw₆rrow−₆nαF“iolβtSkluβFoluorophorβscFTuninπFthβFxptic₆lF₆nαF
nlβctroluminβscβncβFyropβrtiβsF−yFlhromophorβFsuππlinπTTF2022RFa_RF]]]aS]]_b 0

71 lryst₆llinβFvicroporousF}m₆llFvolβculβF}βmiconαuctorsFk₆sβαFonFyorphyrinFδorFqiπhSpβrδorm₆ncβF
lhβmirβsistivβFp₆sF}βnsinπTF
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70 xrπ₆nicFyhotovolt₆icFlβllscFxpportunitiβsF₆nαFlh₆llβnπβsTF2022RFZbbS[[V 0

69 nnh₆ncβαFphotoβlβctrochβmic₆lF₆pt₆sβnsinπFδorFsβnsitivβFαβtβctionFoδFαi₆zinonFpβsticiαβFusβαF
wShyαroxyphth₆limiαβF₆sF₆nFβδδβctivβFholβFmβαi₆torTF2022RFWYXWVW 0

68 xptic₆lFpropβrtiβsFimprovβmβntFδorFthβF[WZü₆nnulβnβFusinπFαiδδβrβntFαonorS₆ccβptorFsu−stituβntsTFWSa

67 vultiSmβckβrFnmissivβF}upr₆molβcul₆rFjrchitβcturβsFk₆sβαFonF}h₆pβSlomplβmβnt₆ryFuiπ₆nαsFy₆irTFXXVXW]_ 1

66 jchiβvinπFk₆l₆ncβαFnlβctric₆lFyβrδorm₆ncβFoδFqostFv₆tβri₆lFthrouπhFmu₆lFwâ��yhxF{βson₆ncβF
uink₆πβFδorFnδδiciβntFnlβctroluminβscβncβTF 0

65 jFthβorβtic₆lFstuαyFoδFnonSδullβrβnβFβlβctronF₆ccβptorS−₆sβαFonFthiophβnβFαβriv₆tivβsFδorForπ₆nicF
sol₆rFcβllsTF2022RF 0

64 zu₆ntumFchβmic₆lFsimul₆tionsFoδF−βnzothi₆αi₆zolβFNkTOF−₆sβαFsm₆llFmolβculβFαonorFm₆tβri₆lsFδorF
βδδiciβntForπ₆nicFsol₆rFcβllsTF2022RFaVWRFWYb_X] 1

63 {βcβntF₆αv₆ncβsFinFsm₆llFmolβcul₆rFαβsiπnFδorFhiπhFpβrδorm₆ncβFnonSδullβrβnβForπ₆nicFsol₆rFcβllsTF 1

62 olβxi−lβFxrπ₆nicFyhotovolt₆icsFwithF}t₆rS}h₆pβαFwonδullβrβnβFjccβptorsFnnαFl₆ppβαFwithFrnαβnβF
v₆lononitrilβF₆nαFk₆r−itur₆tβFmβriv₆tivβsTFXXVVX]Z 0

61 yhysicochβmic₆lFinsiπhtsFintoFthβFr₆tion₆lFαβsiπninπFoδFnβwF₆ccβptorFmolβculβsF−yFαonorF−riαπβF
moαiδic₆tionsFδorFβδδiciβntFsol₆rFcβllscFrnFsilicoFchβmistryTF 0

60 volβcul₆rFjrr₆nπβmβntFlontrolFoδF[Wükβnzothiβno[YRXS−ü[Wü−βnzothiophβnβFNkTkTOFvi₆F
lh₆rπβSjssistβαFqyαroπβnFkonαTF 1

59 Thiophβnβâ��yβrylβnβαiimiαβFkriαπβαFmimβricFyorphyrinFmonorsFk₆sβαFonFthβF
monorâ��jccβptorâ��monorF}tructurβFδorFxrπ₆nicFyhotovolt₆icsTF 1

58 TuninπFthβFphotovolt₆icFp₆r₆mβtβrsFoδFspiro[δluorβnβx₆nthβnβüSαiolFN}o–SxqOS−₆sβαFcrosslinkβαF
αonorFm₆tβri₆lsFδorFβδδiciβntForπ₆nicFsol₆rFcβllsTF2022RFWXWZRFWWY__a

57 }ynthβsisRFch₆r₆ctβriz₆tionRF₆nαFcomput₆tion₆lFstuαyFoδFst₆rFsh₆pβFcompounαsTF2022RF

56 xliπothiophβnβS−₆sβαFphotovolt₆icFm₆tβri₆lsFδorForπ₆nicFsol₆rFcβllscFrisβRFpl₆tβ₆uRF₆nαFrβviv₆lTF2022RF 3

55 [Wükβnzothiβno[YRXâ��−ü[Wü−βnzothiophβnβS−₆sβαFuiquiαFlryst₆llinβFxrπ₆nicF}βmiconαuctorFδorF
}olutionSyrocβssβαFxrπ₆nicFThinFoilmFTr₆nsistorsTF2022RF 1

54 nnh₆ncβmβntFinFthβFinhβrβntFphotost₆−ilityFoδFsm₆llFmolβculβS−₆sβαFkqsFαβvicβF−yFmolβcul₆rF
₆rchitβcturinπTF2022RFXaYRFWW[aZW

53 ThβFnonlinβ₆rFoptic₆lFpropβrtiβsF₆nαFnoncov₆lβntFintβr₆ctionsFoδFsupr₆molβcul₆rF
monorâ��₆ccβptorâ��αonorF₆ssβm−liβsF−βtwββnFmolβcul₆rFtwββzβrsF₆nαFδullβrβnβsTF2022RFX[VRFWWbVbZ
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52 qiπhFmo−ilityF₆nαFxwUxooFr₆tioFoδFsolutionSprocβss₆−lβFpSch₆nnβlFxonTsFδromF₆ryl₆cβtylβnβF
βnαSc₆ppβαF₆lkoxyphβn₆nthrβnβsTF 0

51 ThβFtunnβlScurrβntF₆nαFphotonSinαucβαFcurrβntFinFn₆nosc₆lβFphotovolt₆icsTF

50 wβwFmβt₆lFδrββForπ₆nicFαyβsFincorpor₆tinπFhβtβrocyclicFkβnzoδur₆nFcorβF₆sFconjuπ₆tβαFsp₆cβrcF
}ynthβsisRFxptoSβlβctrochβmic₆lRFmoTF₆nαFm}}lFstuαiβsTF

49 Thβorβtic₆lFrnvβstiπ₆tionFoδFlh₆rπβFTr₆nsportF₆nαFxptoβlβctronicFyropβrtiβsFoδFkowlS}h₆pβαF
micyclopβnt₆[πhiRpqrüpβrylβnβFmβriv₆tivβsTF2022RFZRFZWZ]SZW[b

48 moTFmolβcul₆rFmoαβlinπFoδFjXSmSjWSmSjXFtypβFmoSylrlF−₆sβαFsm₆llFmolβculβsF₆ccβptorsFδorF
orπ₆nicFphotovolt₆icFcβllsTF2022RFaV]RFWZVVX] 1

47 nxcitβαSst₆tβFαyn₆micsFwithFm₆chinβFlβ₆rninπTF2023RFYXbSY[Y 0

46 volβcul₆rForiπinFoδFstructur₆lFαβδβctsFinFthβFzincFphth₆locy₆ninβFδilmTF2022RFXZRFWbb[]SWbb]Z 1

45 xrπ₆nicF}βmiconαuctorsFδorFyhotovolt₆icsTF2022RFWSYY 0

44 {βcβntF₆αv₆ncβsFoδFcrosslink₆−lβForπ₆nicFsβmiconαuctorsFinF₆chiβvinπFsolutionSprocβssβαF₆nαF
st₆−lβFoptoβlβctronicFαβvicβsTF2022RFWVRFWa[ZXSWa[_] 0

43 nlβctronSmβδiciβntFkβnzo[αβüisoquinolino[WRaSπhüquinolinβFmi₆miαβFˇ�SnlβctronF}ystβmsTF 0

42 nlβctronSmβδiciβntFkβnzo[αβüisoquinolino[WRaSπhüquinolinβFmi₆miαβFˇ�SnlβctronF}ystβmsTF 0

41 nδδiciβntFjllSyolymβrF}ol₆rFlβllsFnn₆−lβαF−yFrntβrδ₆cβFnnπinββrinπTF2022RFWZRFYaY[ 1

40 nlβctronicF₆nαF“i−r₆tion₆lFv₆niδolαFoδFTβtr₆cy₆noβthylβnβâ��lhloron₆phth₆lβnβFlh₆rπβFTr₆nsδβrF
lomplβxFinF}olutioncFrnsiπhtsFδromFTmSmoTF₆nαFj−FrnitioFvolβcul₆rFmyn₆micsTF 1

39 oluorin₆tβαFjlcoholSyrocβssβαFwSTypβFxrπ₆nicFnlβctrochβmic₆lFTr₆nsistorFwithFqiπhFyβrδorm₆ncβF
₆nαFnnh₆ncβαF}t₆−ilityTF2022RFWZRFZY[a]SZY[b] 2

38 volβcul₆rFβnπinββrinπSαβvicβFβδδiciβncyFrβl₆tioncFyβrδorm₆ncβF−oostinπFoδFtri−oβlβctricF
n₆noπβnβr₆torFthrouπhFαopinπFoδFsm₆llFmolβculβsTF 0

37 volβcul₆rFβnπinββrinπFoδF—SsβriβsF₆ccβptorsFδorFnonδullβrβnβForπ₆nicFsol₆rFcβllsTF 2

36 mβsiπninπFoδFsymmβtric₆lFjSmSjFtypβFnonSδullβrβnβF₆ccβptorsF−yFsiαβSch₆inFβnπinββrinπFoδF₆nF
inα₆cβnoαithiβnothiophβnβFNrmTTOFcorβF−₆sβαFmolβculβcFjFcomput₆tion₆lF₆ppro₆chTF2022RFWWYbVZ 2

35 qiβr₆rchic₆lFph₆sβFsβp₆r₆tionFinF₆llFsm₆llSmolβculβForπ₆nicFsol₆rFcβllsTF2022RFXZRF 0
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34 lonjuπ₆tionFnxtβnsionF₆nαFq₆lochromicFkβh₆viorsFoδF}SousβαFyolycyclicFjrom₆ticFqyαroc₆r−onsF
kβ₆rinπFlyclopβnt₆[−üthiopyr₆nFvoiβtiβsTF 1

33
jFstr₆tβπyFtoFβnh₆ncβF“xlFoδFˇ�Sconjuπ₆tβαFmolβculβsF−₆sβαFonFthiβno[XRYS−üFinαolβFδorF
₆pplic₆tionsFinF−ulkFhβtβrojunctionForπ₆nicFsol₆rFcβllsFusinπFmoTRFTmSmoTRF₆nαFYmSz}y{FmoαβlinπF
stuαiβsTF

1

32 y₆nchrom₆ticFsm₆llSmolβculβForπ₆nicFsol₆rFcβllsF−₆sβαFonF₆FpyrrolopyrrolβF₆z₆Skxmry—FwithF₆Fsm₆llF
βnβrπyFlossTF2023RFXWVRFWWWVXV 0

31 nδδβctsFoδF₆lkylFch₆insFoδF−βnzothi₆αi₆zolβS−₆sβαFconjuπ₆tβαFpolymβrsFonFthβFphotovolt₆icF
pβrδorm₆ncβFoδFnonSδullβrβnβForπ₆nicFsol₆rFcβllsTF 0

30 jαv₆ncβsFinFthβFlhβmistryFoδFXRZR]STriNthiophβnSXSylOSWRYR[Stri₆zinβTF2023RFWXRF 0

29 x−sβrv₆tionFoδFslowFm₆πnβticFrβl₆x₆tionFphβnomβn₆FinFsp₆ti₆llyFisol₆tβαFˇ�Sr₆αic₆lFionsTF 0

28 rnvβstiπ₆tionFoδFrsomβriz₆tionFnδδβctsFonFyhotovolt₆icFyβrδorm₆ncβFoδFousβαF{inπFnlβctronF
jccβptorsFvi₆Fv₆nipul₆tinπF}iαβSlh₆inFyositionTF 0

27 wonδullβrβnβF₆ccβptorFisomβrFwithFmonoSδluorinβFβnαSsu−stitutionFβn₆−lβsFoliπothiophβnβS−₆sβαF
tβrpolymβrFαonorFwithFW_TaXKFβδδiciβncyTF2023RFZ[_RFWZWXaW 0

26 T₆ilorinπFthβFsol₆rFcβllFβδδiciβncyFoδF—SsβriβsF−₆sβαFnonSδullβrβnβF₆ccβptorsFthrouπhFβnαFc₆pF
moαiδic₆tionTF2023RFXbWRFWXXYXX 0

25 Tri₆zinβcFjnFrmport₆ntFkuilαinπFklockFoδFxrπ₆nicFv₆tβri₆lsFδorF}ol₆rFlβllFjpplic₆tionTF2023RFXaRFX[_ 1

24 lomput₆tion₆lFrnvβstiπ₆tionFoδFwβ₆rSrnδr₆rβαSj−sor−inπFrnαβno[WRXS−üinαolβFjn₆loπuβsF₆sF
jccβptorsFinFxrπ₆nicFyhotovolt₆icFmβvicβsTF2023RFaRFWZYVSWZZX 0

23 {βcβntFsynthβticFstr₆tβπiβsFoδFsm₆llFhβtβrocyclicForπ₆nicFmolβculβsFwithFoptoβlβctronicF
₆pplic₆tionscF₆FrβviβwTF 0

22 }ynthβsisF₆nαFch₆r₆ctβriz₆tionFoδFst₆rFsh₆pβFcompounαsTF2023RF 0

21 {βcβntF₆αv₆ncβsFinFnStypβF₆nαF₆m−ipol₆rForπ₆nicFsβmiconαuctorsF₆nαFthβirFmultiSδunction₆lF
₆pplic₆tionsTF 1

20 wβ₆rFVFβ“FqxvxFoδδsβtFnn₆−lβFqiπhFyβrδorm₆ncβFwonδullβrβnβFxrπ₆nicF}ol₆rFlβllsFwithFu₆rπβF
xpβnFlircuitF“olt₆πβF₆nαFoillFo₆ctorTF 0

19 jFnβwFαithiβno[YRXS−cXhRYhSαüthiophβnβFαβriv₆tivβFδorFhiπhFpβrδorm₆ncβFsinπlβFcryst₆lForπ₆nicF
δiβlαSβδδβctFtr₆nsistorsF₆nαF’“SsβnsitivβFphototr₆nsistorsTF2023RFWYRFWW_V]SWW_WW 0

18 {βcβntF₆αv₆ncβsFonFNYQXOFcyclo₆ααitionFoδFjzomβthinβF—liαβTTF 0

17 vβthoxyFtriphβnyl₆minβFhβx₆₆z₆trin₆phthylβnβF−₆sβαFsm₆llFmolβculβsF₆sFαonorFm₆tβri₆lFδorF
photovolt₆icF₆pplic₆tionsTF2023RFWXXRFWVaZa] 0
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16 nSTypβFsβmiconαuctorsFδorForπ₆nicFβlβctrochβmic₆lFtr₆nsistorF₆pplic₆tionsTF2023RFXbYRFWW_Xb[ 0

15 voαul₆tionFoδFjlkylFlh₆inFuβnπthFonFthβFThi₆zolβF}iαβFproupFnn₆−lβsFxvβrFW_KFnδδiciβncyFinF
jllS}m₆llSvolβculβFxrπ₆nicF}ol₆rFlβllsTFXXWZbX] 1

14 w₆noβnπinββrinπFTriplβtâ��TriplβtFjnnihil₆tionF’pconvβrsioncForomFv₆tβri₆lsFtoF{β₆lS”orlαF
jpplic₆tionsTF2023RFW_RFYX[bSYXaa 1

13 YmSyrintβαFxrπ₆nicFlonjuπ₆tβαFTrimβrFδorF“isi−lβSuiπhtSmrivβnFyhotoc₆t₆lyticFjpplic₆tionsTF 0

12 rnα₆cβnoαithiophβnβFkriαπβαFmimβricFyorphyrinFmonorF₆nαFj−sorptionFlomplβmβnt₆ryF
rnα₆cβnoαithiophβnβFjccβptorFδorFwonδullβrβnβFxrπ₆nicFyhotovolt₆icsTF2023RF]RFYVYXSYVZW 0

11 xrπ₆nicFphotoαβtβctorsTF2023RF_YSWY_ 0

10 }ynthβsisRFch₆r₆ctβriz₆tionF₆nαFβxplor₆tionFoδFphotovolt₆icF−βh₆viorFoδFhyαr₆ziαβF−₆sβαFsc₆δδolαscF
₆FconcisβFβxpβrimβnt₆lF₆nαFmoTFstuαyTF2023RFWYRF_XY_S_XZb 0

9 vulticomponβntFsynthβsisFoδFchromophorβsFâ��FThβFonβSpotF₆ppro₆chFtoFδunction₆lFˇ�SsystβmsTFWWRF 0

8 nnh₆ncinπFthβFyhotovolt₆icFyropβrtiβsFvi₆Frncorpor₆tionFoδF}βlβnophβnβF’nitsFinFxrπ₆nicF
lhromophorβsFwithFjXSˇ�XSjWSˇ�WSjXFlonδiπur₆tioncFjFmoTSk₆sβαFnxplor₆tionTF2023RFW[RFW[Va 0

7 ’nαβrst₆nαinπFrmprovβαFyβrδorm₆ncβFoδF“₆cuumSmβpositβαFjllF}m₆llSvolβculβFxrπ₆nicF}ol₆rFlβllsF
’ponFyostprocβssinπFThβrm₆lFTrβ₆tmβntTF2023RFWYRFZWWSZWa 0

6 jF“i−r₆tion₆lF}pβctroscopicFrnvβstiπ₆tionFoδFXRXMSkithiophβnβF’sinπFnxpβrimβnt₆lF₆nαFmoTF
vβthoαsTF 0

5 xnFthβFmonorcFjccβptorFoβ₆turβsFδorFyolyNYShβxylthiophβnβOcFTixXFzu₆ntumFmotsFqy−riαFv₆tβri₆lsF
x−t₆inβαFvi₆F”₆tβrF“₆porFolowFjssistβαF}olSpβlFprowthTF2023RFW[RFW_V] 0

4 nnh₆ncβαFxpβnSlircuitF“olt₆πβF−yF’sinπFXR_SyyrβnβF₆sF₆Flβntr₆lFmonorF’nitFinFjSˇ�SmSˇ�SjSTypβF
}m₆llSvolβculβSk₆sβαFxrπ₆nicF}ol₆rFlβllsTF2023RFaRF 0

3 yrβcisβFlontrolFoδFthβFvolβcul₆rFjrr₆nπβmβntFoδFxrπ₆nicF}βmiconαuctorsFδorFqiπhFlh₆rπβFl₆rriβrF
vo−ilityTF2023RFWZRFYZ]WSYZ]_ 0

2 rntroαuctionFtoF₆αv₆ncβαFβlβctronicFm₆tβri₆lsFδorFclβ₆nFβnβrπyF₆pplic₆tionsTF2023RFYSX] 0

1 Thβorβtic₆lF₆nαFβxpβrimβnt₆lFinvβstiπ₆tionFoδF−riαπinπF₆tomFβδδβctFonFthβFδluorβnβF₆nαF
sil₆δluorβnβF−₆sβαFtrimβricFmonomβrsF₆nαFthβirFcorrβsponαinπFpolymβrsTF2023RFXW]RFWWWYXV 0
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