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1. B—E Fw

1.1. #oFkZF (Supramolecular Chemistry)

b5 &1, Lehn HIZ XY BARRICER SN, HARES TSN D 2B 280 FIC
L5 2 BRT 2EHEMAGFETH D, TOERIT. [ ZHEU LS (k) OXEITL > TEK
ENDEERNER ML JPH & 3210 Th DL IEROALFITIEARE ST L 208 B
DR 2 T TV, B AR SR EERN 2 5RE) ) & U728 b 7o el o 14
B (BEK) OMEUTEREZ ST TV D2, ARG MMAIERICE, Brtkof ECHEER O
RSN D KFBREES, BBEEAAS, 77 T AT — LV AFHAAERS, nn FHEIEASN, o s
A28 Ok 2 IR EAERINE £ 5184, 41, B b, BRROBEIIG LITRES
o (XL OBMRSD L9 72 1% 1 xs LTS B WA Extg e LTk, BEMiZixs 7y
YE=T VIR EDRA MT A NMEENET N8, ZO%, Bk T 30 UL I S T SRR
FeafR T, WEITCTIR DAY O BH CHES (self-assembly) & H CA###IL (self-organization) D FEfiF
AT L TIRE Do, HHR Zlan bR 580 FERGEND, BRFUTROND & 5 i
HEIE IR DOREEEA L WFTEE OB - TE 72V, FEMICREI SN F 2R ER IV, BRI

RoNnD & MRS ROEDN, TP 720 b OOmE ST 5%,

12. HOCMMLEBCHES

AR TIE, #Rx AR DS RNITAELE L TWDIRAE T, MR LN EOMIZAE LU 2 IFELE
FEOYEME EAEH 2 BRE) ) & LT HIERNCERTTE o 7o tE s (B 20X, e o FE 51K DNA O
CTHLEA) RFEMEEE KT 51, ZomERIX, KBTS & B ML (self-organization) & H
4 (self-assembly) (TSN 5202, B Ol GIZ, FEPESRIE T CRIFTZ o 7o IE IR0 )8 s & &
BT 28R 7 r X ThD, —H T, HEESIE, BOHESRIT T COHNARTrERATHD, H
CEAICE L TITHCES S FIE (Self-assembled monolayer) D24 1@ L T, Whitesides (25 ¥ .
(AR 7 m e A CAER S Tz, BCE#SME T CREREER TH 5] L OFBRERNG 25T

YN %2223



AR CTBIR SN D EMER S FORBEGZHM L, TOBRLEMT 5 2 &%, B LF2T
Ti3a< . HEEGHESFIROMIEZ TSR IE Sz H EMliE & IR BRE L, IR BFEA 2

IhT&7=2,

13. @ae¥ el B oMb oBRE

T, BT 70 =T MIRB SN DR T TORA M7 A MERIZIT TlEe<, 4
FH A OB (53 TR DOBIRIZE THREL TWDHRS, b, B rom ri¥E., A1
ZHENICEE ST TED ARG B FIRLMHAEDE M B ITOA TV S, BEERIZIE, A

B TR BT 20981, Lehn © O L7o B4 10 & 1332 LT 1988 47025 Whitesides
HIZ K> TREABNTHED BT E 728, a5 L B OEEOE CEEI1E, 2D OBEEMENS |
HWNZA =T w7 LR R ES, BIETIEZORMIBK TH D, £, RELHLT
X, HEEAHSTIICE L CHBO TLFOHREL LTl 5.

CHETIC, BERG SN AKS T2 MW n FRAIRORE & BEREME O HIEN B4 219803 %
PNTATOITND 27, L L, BERODFESEDZL IE, MRRER O YA X0t Fitkn HEG D
JEAMD NS < E OREIEDSHRNE L BEREVEDHIIR ST\ 282, 20728, 8o bF0BIckn
T ARG LI R 2 AW ey T8GR E . £ 2 E CARROEM 2 FEAIRITE ST
D08, 2005 AR 25 FEROBZRRRED —D & ST D 26%,

HARF OB 72 o TSR TIX, IO R 72 DR B IAITE £ > AL EICEE ST
Lo Flo, BFEAKRO—HPY T 2=y R IHITEKROBEEZTERT 5256 0bH5 7, 20
R L0 MR CES T e R MEH L, AT D2 L3 By HEFORRICH LRI T

b5,

1.4. BB (Self-sorting) DEFE L DR
1.4.1. BHCE#5 (Self-sorting) DEFHE
ANROMEY . BRI T, BRx R ERDFIE L TV DHRIZEB W T, & DR DEIRAIICFE

HAEML, HOMMEEZIZE RS L THRIFE o TeBERZ T 223, 21X, 74F 2 U A
9



[z (DNA) 1%, BEFFREROT T = F Iy, I =20 M U RO RN K 5K
FREBICEIVMEEG LI 2 RORY X7 VAT FEHTHEE I, bEAMEL L 2%, k57288
R LIt 2500 - B8 L CHEAET 27 R (A 1%, BRF TR O D M SRR
ODEERERLLEZ ONDR, LML, 20X ) 72HE SN X0 Bk SN2 BRI A 5
RTIIEZL HL0, B FLFOSE CIIREREEM TH LB, 2o, ARFICRONDL LD
R A DRGNS | H— DT > Ty FEEERPIER SN 5B IR I TH 5,

B FALF ORI B W TH I X 20 FESEDOMEIL, Lehn HIZXV HESN TN D34,
Lehn HiZ MU T 2/ B Y I DUFEEKR L L E Y — VIRH SR Z SR L TR RIS S E D 2 &
W) LTz, F72, Lehn DI FEO B Y U OV UENL 7 & “FEO &R O ILESIRIT OV TR
WREIToT, ZOMETIE, TNENORN L SREZEY R TRAT 2 L. FFED LR ALK
EIBSEARPBINNCER SN D Z L2 5T LTWD (Figure 1.1)%, 7272L, Lehn S Z 0% %
[H R85k (self-recognition)] & L. H kBl & 1XFEA TV, ZD%, Sanders HIZX V., HCH%
BIOBEENERE S, B TEEOSEIC HRMENT®, Sanders HiL, [H AL, BIEH P
TIZBWT, EEOMMERPFET 5K/ T, ATRERETOERMPHEHNZ AR S D D TIEAR
< FEDCEAGERPIEMRESND L HIZ, BARDMKNERFE LR AEVOIIST 2 XZMHF (HEIEE
O ZERICEFT 288 LEER L, x0T LUV T, B OBl & IEZmEawh o
TaC) & [FFAC) ZKBIT2RINTHYET 5, LT, BO#BICiE, Eon Tt
T HMHAAEHOBENNTIEDN T, BERITIIIEED FTRER S OEGIRNG | R OB GIRTZ T 3%

HlanTEm s 5,

10
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Figure 1.1 Self-recognition in the self-assembly of a mixture of the oligobipyridine strands 1 and 3a and of Cu
and Ni ions forming the double helicate 2X (3a) and triple helicate 3X (1). Reproduced with permission from ref.

35. Copyright 1993 National Academy of Sciences.

142. RRNZ2ECHINDOLE

HCRBNIANTR - (RERCHEEIRERLE) 2B T2 TRABRRTEZLIFRTHLZ LN
Isaacs HIZE DRI TSI, Tsaacs BIL, B TORT DWEIRENE LWIGAIZ, 9 FEOES
VOHINGEGNZRE AR T, 8 OB FEAENHEOND Z &%, BRI (NMR)
AT Z VBN LTz (Figure 1.2)%, AT, ARG OIREITR Y 235 5560, g, WO
FUZ X 0B FHREAROIRBP AR E 720 B OHAPEZ 67202 & ARE Sz, Isaacs HIX I
OO BAFT A Z S L2, BHO#M A S bIC ZREBICOE L., — ik, fh=avE il
(social self-sorting) TV, B LMK BERMEET-TEST L A THD, b O —DLHCENE
CLilkl] (narcissistic self-sorting) T ¥ | IO ERPES LT-ROFIZHB W TH AR L TEAT

Hrut A Th A 3839,
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Figure 1.2 Narcissistic self-sorting of a complex mixture of hydrogen-bonding species. Reproduced with

permission from ref. 38. Copyright 2003 American Chemical Society.

T4, Schalley O I3 H CikBlZ AT (integrative) & FEFA (non-integrative) H CalkBllic & 512457
H L7 (Figure 1.3)%04, HERICIL, BEORIBHIET 5% T, FETHETOMKERDE— D
DTEEGRERRT 2, T, HEMA CHINIELT, 420 TH D, —F. FEREGRLE A
T, BEOBGPFET 57T, BEOBSPHEER L TES L, BRORR D855 FHEGRR
BT D, ZDTD, IO BFET 5% T, 2N EITH CBENBY TESEBER S L
5, IHIT, HOEINE, Bono@B FEGERPBNFEMEIEL T D0, EITEERNIC
R SNTEE TH LM L0, B PR E IR B @ Xpl s s, BRATRLN
DERFRTZ o - AEERITEE 72 B SRR IRk SN D, — T, B THEFONE TIE TIoH

S NI HOMBIOKCEE, BRI SHBITH 5 2,
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Aoz Ans &, ZmlRal o8 FEEREBET LI L bHRD D, ZhETO
TN D IR DG E R LT & O 2 i A T BB S I S v, B L0 TR

(ZHILLR 2 4R oD T U HA243.44)

NARCISSISTIC SELF-SORTING
(NONINTEGRATIVE)

‘u

H

7\

- >

SOCIAL SELF - SORTING SOCIAL SELF - SORTING
(NONINTEGRATIVE) (INTEGRATIVE)

Figure 1.3 Schematic representation of the different types of self-sorting. Top: Self-recognition (narcissistic self-
sorting). Bottom: Nonintegrative (left) and integrative (right) social self-sorting. Reproduced with permission

from ref. 33. Copyright 2011 American Chemical Society.

15. BB DDy FikitEst
T % B Rk S8 5 720 O FEARR BRI D—o1%, BT EIEEC OO A AR OR S 23

RRL0FaRET02ETHL 3, Zhud, pFa—F) LLETh, B FICa—Fa7ne

13



77 AT HI LT, BEEN T m e R EHEITE 5 04, RETIIEER TOMZETH LM S5

S a— RIZOW TR 5,

151 SRR GTERTER - 14 X)

3T DR A Rip & OB ERR BN AT D, oy 1 & OfftEIx, 7 FRIFEEERIC
WET L5 a—RO—D2Thd 2, jz& X, FA X, kB L OG0t MIEM) 2587 54808
BN 128, BHOBIEA 4 OFE N TACHA SN T, BB THEAK (FHRSBIEE) Rk
T 8548, ZO XD IR TR, RBENLF ORI PR L SR A A ORGSR — BT 5
VEND D, HIZIE, Stang HIx, BAIFHTIRNRR2EHEO Y DA+ L ARSI E DR
CRkplic LD, SEIERIBRO “RITOZATVES RS = IESGEROEEZHE L TV D
B M, PO o Ry T ORRICE VT, mn AY v X 2 TR AR D 501 O 2
FHIIRIC R D . 2 FRECHERT 5 Z LG ShTng®, Flx X, Li 1%, WEEORY L
T RTANKREET A IR (PDD) - FaFEAD SRR U VIO e A v F
JHEFMIZELY, BE@EIIT D2 L 2ME LY,

7Ty T—T )V T, EORNPOBIR A F TN LY, RA N ET7 R NyFD
M B B 2ME < 72D, 7 A N OIIRSA A L FRFRENL OB L 0 B E 2 TRk 3 5 Z &
DA STV D 30, 2z, KFRHECEHAKMEHAIEM, 4 A HBESE, o A% v 7
HIERRZN LT A M T 2R A MrFbdd, ZOLE, RAMNFET ANy FOREE
EENTIL, E 5 O ORI FHIRAB OFMINE (ZEFLDOXFRME & A XD—H) MR 55854, i
b, BEHEOSKEEOFMICL 20 FOECHENb#®E S TWD, BIZIE, #5507 00—
(CEE VBRI ET D & SIEEEFEIC LY Fl—0 1 & OMEERREIT S, STRREE 0780 5

BRGTTR TC O BN NE S 72 % (Figure 1.4)%5,

14



Figure 1.4 (a) Chemical structures of third and first generation dendrons 55 and 56, respectively and cyclic
assemblies formed thereof. (b) Possible mixed aggregates formed from mixing of (55)s and (56)s. Reproduced with

permission from ref. 56. Copyright 2002 American Chemical Society.

15.2. fEMEZRKBHEHEEIER

AR R FRE S EERNIT. A CHONC K 280 FREABEDOIER L . By FREEROLEMICELRE
Th b, HlzIE. DNA O ZEOLEAITH 2 HEH ORI KBRS EIEIL, £ OREMEICH
5955, fMRIZ KR AT, B OB oFA M0 3 — N &7 2%, FAIR K&K G R A AE AT AL
EOTICEANTIUE, 2O TIEIE LWVHTS T & ORKER-ET D720, M7k GH B 1R
IZ X2 B O A RIOB S FHREAERERICET 205 E < A ST 559606082 f3if 2 13
Montoro-Garcia HI1&, 7 ~Y -2 U » 7 BOKERES FH—L 7 78 72— 2 Fp2o0FOBRIRA Y

15



T~ — I BT D R 72 5E A 1T > 7= (Figure 1.5)%%, F7-. Rebek o IIARMHAKFZREAFRHIEHIC

LB CFEMNZFRIR LUTey 71 72V OREEEIZ OV TS L7286,
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Figure 1.5 (a) Structures of lipophilic dinucleoside monomers GC, iGiC, and AU, reference mononucleoside
compounds G, C, iG, iC, A, and U, and the three cyclic tetramers formed in solution: cGC4 (ADD-DAA), ciGiC4

(DDA-AAD) and cAU4 (DAD-ADA). Reproduced with permission from ref. 59. CCBY-NC

153. ZFEEL EOBERMEOHEEREAL

TR EOBERRENENENMNL LT (B L) FRFEAL & LTI K K 212, 4 FINOFFEDAL
BICRHET LSS, 4 TFa—FELTAMTH LS, Z OIS TIE, BUKMMEERSOKSER G HA
TERR. A F MAELER. BN EERZAEC D EREEZ 0 FICHEECEA L, £ 62 EAZT D AEH
RE L, BO#EMPEZ 5, ZoFiEX, fil Lt &8s B GBI R A H Th 5%, filx i,
Schalley 5%, “ODORQRLBEEN I 2> M7 o=y FE, FEOI T 2—T VAR

HELTEBEAIC, 790 —FT AN AT V= AT OEEDFREREN L SR AR T A 2 & 2
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DN LN, £/, Xing HIE, ZFEHO 2 L AT v — Vg k) IR CKER S & n-n 18

HAEMD A SN TEET D05, MR CIIES R 2D 2 L2l L2,

154. ¥7 V74—

X7 VT 4 —I3bF - £ - PRI TR b BEERBMEO—2TH L8, FT7 VT4 —L

X, XIBHREOBHGER L ER D EDRWRHED Z L THh D, L0 EEICIE. T ARYEITKET
O - BERRE - [FHREND O 22 DERE AR ER A R0\, T D, T WL, [FERERIEST CE
5ND CoDn O, T, 1 FEOWTNINDORFEZFD, ¥T7 VT 4 —3, BMORFOHRRLT, Th o)
EE Lol FRAEOEMEE CL A bND, 2720, B CIERFRmE A FE LR WEEIC DA
X7 VT 4 —DBRET LD LT, B FESETIE, MRERNT XI5 FTho>ThHlny
THEAKL AV TEFI T I T —BRBT L2 bHD, 2T mxT U7 0 — LTS,

AR OREX T ARBY TESERIT, =) v F AR IE =T v F A~ — ORBRENL & 72
STEY, ABEEORIUCKLE R RRER TH D, BlAX, Fischer [FFERAMSISICIBNT, X
JSTEMEEALIZIE, REDOR T O F o F A — LI TERNWI EEZP LML, SHIT, 20
FORREEDIEWN D | [EIE - BESTFZ LIS U TF A —OSBHIIERICEE TH DL, Bl L
T, BV R~ FIZERH & LTIGES D, — Oz F U FA~ =B RA~DOEA NN b
D, =Bz S 2 L7,

NTOXTNRHENL, DT o TFA~—RH—OT T U F A~ — BT 5, HLL<
132 OB A BRI T DN 2T, ALz o FA~—FLAEENICRE SN D &,
REFX T NI FEAERETER L, SEGEPMEERNICRRS NS B IIE~T v X T Vs 1458
ERERT 5. Rid Uiz Xk 912, 0 O®BMFH R EILE QBN S s o2 — Ro—o
Th D, HHREVRINCH 5 SLAELE OEVIZ R 2 8RR OE NP H i 2 29 2 &
DI ST (T VECHEHR). Lo, = U F A —MOEMFRREOE NI NS, Fhb
O HECFINID TR OB UICERT TR LRV EBZONTE 3, 20D, 7 /VH 5]
D% ATHAER T SN CE 28, Loy LITETIE, F7VE CilBIN, A BRI Fik D

TITB W TEHER THAE SN TWAABT - il 21X, Leigh X, 7 I UV EHEARFKE LI-X T L8
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A0 B R Z I Lz, SERERII 72 = SEERT O ARG 2 Fr o0 OB A & L7z (Figure
1.6)%, Orti BlE, ¥ TN Y 777 = UFEEAEMER ORI T T 7 U 7 1 — DR
ko BN X, B FEAEREIEAT 2 Z L2 L (Figure 1.7)77, 2 b D513

MR TR 7 078 “RIKZTEA L, JEmIEREE T TII~T n X IV T BIREZTER LT,

O
0 N
(a) (b) AW L)
‘ Holl ) # S.S)14
N A~UN 2 (S
X0 BRE X0 N N, Bl \O/\x
N\\'/\\ A
()1 oo (R)1 o[ N N
XY n Ny~ ~rN\/\N'/'/
= Zn N (RR)-4
oHe” N ~"No7 ©
Co” -l
1:1 ratio :
N2 +0-2 1:1 ratio

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

95 90 85 80 75 70 65 60 S5 S0 45 40 35 30 25 20 100 95 90 85 80 75 70 65 60 S5 S50 45 40 35 30 25 20
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Figure 1.6 (a) Controlled synthesis of self-sorting trefoil knot structures (with Zn?*). (b) Self-sorting trefoil knot

structure of chiral ligands (with Co?"). Top: Chemical structures of the assembly motifs; middle: schematic

illustrations of the self-sorted structures; bottom: corresponding "H NMR spectra of the self-sorting assembled

structures. Reproduced with permission from ref. 78. Copyright 2019 American Chemical Society.
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(@ Homochiral Dimers

Heterochiral Polymers

Figure 1.7 (a) Self-sorting of subphthalocyanine derivatives (top: in polar aliphatic solvent, bottom: in nonpolar
aliphatic solvent). (b) Theoretical calculations of the stable stacking models in a polar aliphatic solvent and (c) a
nonpolar aliphatic solvent (left: homochiral, right: heterochiral). Reproduced with permission from ref. 77.

Copyright 2020 American Chemical Society.

16. BEHERECOSTFOEHCEARFELZOE
16.1. E@HEKRETOHTOHECERK

EAFKE TOHECERITE ) AT EFEMICERT 5 B OEAES % Y FU—2 (SAMNs)”
DG EEBEDOHIENX, /A = AT /T 7 ) v — OB TO AR S LD T &
LT, BELEED TV 58081828884 KR S 55T DO H CEGHEIZET 20581, £IZ
HEE %% (Ultra-High Vacuum, UHV) RCEE AR CTITH 5, UHV FAETIE, 20 FMICE < van der
Waals FHEAEM ., KFEREFHANEN B X O BENAHEAER 2 E O FRIFAEEMN L 01 & B
OB O EAERAERE) ) & 720 B OESWMENBRIND 7, — T, B CIREEE 23

TET D728, W LB 1 F 7230 & AR ORI < FAEH b BREN) & 72 B CEBHIEDN T
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Ehs, EHOORMIBNTEH, BEEREROIBESERERON THEZLIEDLZ EICLD,

HOEAMENELT D22 ENMOLNTNESS, Z N E COFEKKEIZIIT S SAMNs OIS
D, AEEREIA 1 ORI & oy % aHEE ORI A TV D, Z O L) RERK R LICES LT
O HCESHIEOBIZITIT, A, EER b R VBEMEE (Scanning Tunneling Microscopy, STM)

BHWLND &,

1.6.2. SAMNs OEEHIE L il

T T a3 TR EEERE TR OERDTZD ., R A — /L TOINLEAN A
FRENTWD, BEERREICT ) A—F— LYV TRY — U RS 5 HEIE, K& 2WHE 2/
MLT 5 by 7FF T AEE ] TORNSWVEZREICEET DR M AT v FECKBTE 5%, vy
O AETIRI Y 7T 7 4 —HIROERIZ I +50F ) A— M A —) )V TORETILY 52 &8
HkD, EHFTIE, 2019 IS LA VEFIZEY Tom OV Y777 4 —ZX DTy F v 7 HTHH
FENTEY, F£7-. Taiwan Semiconductor Manufacturing Company (TSMC) (2L Y 5nm @/ — KD
EMBIA SN TS 28, L, VY 7T 7 ¢ —HiCiE Snam LUFORBEIIHMM LS 2 2 &1
R R CIENEZ L SN TS %, RN AT v FEOREN 2B L LTIE, EERETOSFOWAE
CHOEAEZFMH LT SAMNs OB H 5, Z Ok, BERER TS TR EBICES 5%
BEFHALTWDIO, B/ A— MVEMTHEEEZERTHZENTE S

SAMNs # Wz o =000 7o L7 h =2 AP EPY92 SAMNs A 8502 L 7= [ i D
LAHEREDRRARBBIZ BIERNEE > TV D, Eio, AMFEIRS KGR & O A B E 1B
I, BEREME Y FOBERRE COEGHELHIET 5 2 L1373 APERED A RIZ-D72 A% % TRENE
W 5995, L7 ARRE & ERERH TO SAMNs Tid, /3 FEENFE T & ITR S 20y, FEToss+
DEGHRALBET 22813, REOEFIREL TRT27-DICEETH L%, FIZIX, v r~Tno
AR OGRS ERE TIXEE 7 2 AL VIER SN D720, ~T a AL (i) TOH 1O
EAWIEITT A AOMERICRE B E 525, Yagai HIX, 7LV EY — ViR E T4 7 = VL& FF
STy T DR & @By R 77 7 7 4 b (HOPG) St CPD SAMNs % STM (2L D EIE L.

BRROREEARDPTERR SN D Z 2O NI LY, FFP—HATH LT A7 = VIR AR OwE Y] 72
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MEICEE S ND -, T2 87X =01 EIRE L TER LISV 7 ~T a6 KBERD 3% O
BN REZ R LI, £, Jickel HIX, BAOFICKDE MR T PR ZDET VAR LT

(Figure 1.8)%, BB ERTHLT 8T F ) VENPEFERTH D ~F 2y o x CFLIC
fEe LIcor+® HOPG ETOEEM kx5t (STS) BlllNG, ZohFn, Y717 87
UL OSMEIER A S — R AL v F & LT, REIIBWTT / A— MU CEB SN RECTH—

DFTOEBFNR T VAL L L TEHLS ZE 2P LN LT

DMA

QCHy

Figure 1.8 (A) Molecular structures of compound 4 and DMA. (B) STM image of 4 at a graphite surface. (C) STM
image of a 1 : 10 mixture of 4 and DMA. (D) I-V curves taken above the HBC cores of neat 4 (open triangles) and
above these cores where CT complexes are present between the AQ moieties of 4 and DMA (solid circles); inset:
shifted and normalized data. (E) Cartoon illustrating the prototype CFET. Reproduced with permission from ref. 98.

Copyright 2004 by the American Physical Society.

17. BEERECOBDHEINEHWESTFECEAEROEE

i WS RRIE & FFORINE 70 3 4y s 2 AR & LT, & 28D & 2 oy 1A AAE AL 2 BN
T 557 FiXatlE, SAMNs OREERIEIC WS TE 7o, ZAUIRERRER O @ OKIFRE & | FRmtED s+
FAAIERIZL Y, @REF7ZR SAMNs &t LT WiedTh b, —H T, £NHd SAMNs D% T

(3. MERREER DS MU SR D IR ST IE & e D | B R IIME I EL L2 v, Ny F ORI R &
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i 9 BEFN D SAMN OREE D JE#IEIX, 30T/ A — FVIZHIR S 4059100, Z ik, — I H QS
TS O JEHIEDERE R DO R E SIKIFT D720 TH D P, 207, Z OSBRI L ED —
O, BT A= BT T v A 7 r A — MUV RSEB AR, BEER7: SAMN OREEET
B P ZNET, RE7ZR DNA 5324252 & T, 100nm %8 x5 HAHEEZF> SAMN 73
ER S L7210, L L, /NSy T 2R B & U CR BRI Z R OB g 7e SAMN 2T %
72D O FHEEHI Z AV E T/ < | ZEORMESLRD B 5102108104 g UWEREHESHT IS < KR
HIE SR 22 B OBSE ) 72 SAMN (2, RS TICRONOEMS AL D LSS,

UED XD mms, EFIL BRPOMmT COARFZRES TV B Ol oMEE %, BREE
D SAMNs DOJERUTE 3 X, RIS EHE BB R 72 SAMNs 2V T X 5 & & 2 7o, AT,
ZAVE TIZHAE SHL72im S0 TR (complex) R°HESERY (hierarchical) & 2 WMEEE (higher level) &3
BLIAL TS SAMNs (ZOW T ERHPRORE T TO B B DO E&R L 53— FOEZ FITHESNT
SyHA L 7105006107108 - 2 DL I CH QB S A 2D D a— RRBERKRE CTHEATE S

LR bhrols, MAT, EEEZEICKA DS 23— FOFELRR ST,

1.7.1. SBMTAMEMME EMERER - ¥4 X) ITX 5 B8 E#A%E V=265 SAMNs

VI & RRRIC, FERFRET D SAMNs [Z8W\Th, Z ORISR OIS 5 & M2 HIA 23 3
L7 M, H—OWERTH->Th, IMIREIC LV EROMIED RS SAMNs BT 52 &
WL DHFFETHL NS SR TWD 18, 207w, —rCIUpSr D SAMNs ORI TH 5, il
RS/ 572 % SAMNs ZHEEET 25 720 D HARRY IR kK 13, 2 EN ORERRELFR T2 5 75 7 A AAEH]
HNLZHEANT D2 ETHD, BlAIE, Zimmt SITHEDORRDLT NI CBNEWRLIZT N TR
WREHNT, TAXNVHOREI L VA VOMEIZL Y ZN OO0 TR R E B OB L, TRk
MOAER 4D SAMNs DMEFTEZH 2 LW LT LIS, LavL, 2O TIX, Hx D51 D%
i BB ETHY  RERBAWIT A NPRBELRD,

TEARoN A X702 & DA AR RAANEIC R T D, B A F-7 2 MEAEMIZZ R SAMNs DFERL
WCELSHHEND, BRI, LM SAMNs OZEFLOTEIR & B A XORHNC K 5 8oy D12 &

D =R PA 0D SAMNs OREEERHAE STV 510, Tahara Hid, EROT & FrXu Y [12] 77X
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L' (DBA) #FE(K (bisDBA) 3MED B 2 AEEDZEFLA~FESy 2 W ST, WY1 bER SN D
SAMNs OREFEIZERE) L TV 5M, BisDBA OB I A& RNAZELIZITa e 241 (COR) LB
RITKERES LT2ASDTFDA Y 7 ZNVEESYF (ISA) I3, INSWEZAEZEAIIE RN 7= L 5+
(TRI) DA FE I TWDH, COR & ISA DT H~T ahp127 7 A% —& TRl B, TNENSAE
ECAROELA~BOHEINIC L VWESNDZ ENETH D,

De Feyter %, SAMNs DZEfL & 7 A by DRI FRIZRFAMHMEIC K 5 B il 2 BiEh 1 & L%
R RAEGEORRRG & LC Ty « o VRG] 242 LT\ % (Figure 1.9)12, Z O#RBETlix, H.00
DFEaTE LT, 200 FaFE L TR FMRIIMUINCAERSE D55 D8RI 7 7 22— EE S
o, TAXNVEHOARBOIEe D “Fifo DBA FHE(K, COR B LV ISA V2 Z & THHALSy
SAMNs DOHEEEZIN L T D, ZORTIE, B ISA, # D DBA #HEAkE L URNED
DBA #FHEMARIL, WL A CERIRIEE 2B L 72\, £ D72, COR 2 7 3AME D4y T OBRIREE
BRI LIERAI R Th 5,

Z ZTHRIr L7284y SAMNs OB Tld, MR ERNE—OFEDOHLEZHEZTWD ZEnb,

A OHS A CBANAHE T 5,
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a) shellt
Shell 2 Shell 3
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Core A
“b“ CioH210 Q O OCyoHzy  CaeH -~ OC2sHss
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Figure 1.9 (a) Molecular structures of the compounds employed in concomitant multi-component assembly of

four molecular species; (b) schematic representation and (c) molecular models illustrating the design strategy

employed. Reproduced with permission from ref. 112. CCBY-NC

1.7.2. FEMERREREICL S EHOHERIICX D SAMNs

FAAHE 22K S8 B MR AR EL 2 FFo 50+ 0 B Sl 2RI L72 SAMNs (3, Z 0508 TH% < @ik

STV I, — A TARAHAY 2K FRE A A IS L % B 2@l T, o 7R L3 BRIk O

F—T 5L, TNHREE TES LT SAMNs #3515, Gonzalez-Rodriguez © 13 DNA D

FHEBAL 2 FF O T2 MR & LT, IR TR S h e R IREES R BB 7 7 7 7 A b

IR E S I, ZERRZELME SAMNs & 705 Z & 2B 52 L7z (Figure 1.10),
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Figure 1.10 (a) High-resolution STM image of GC1. (b) Model for GC1. (c) High-resolution STM image of GC2.
(d) Model for GC2. (e) High-resolution STM image of AU2. (f) Proposed model for AU2. Reproduced from ref.

115 with permission from John Wiley and Sons. Copyright 2015.

IKFEREGHEMEM & UMt 3 < . itk b/ h S nWiewd, 7AF L EICE 7 7 T D
— NV ZMESER DI X 550 B CiRBNZ B3 2 B 723 Cidms ShTnign, —F T, [
FE T, REHTORPERESND Z LIZLD | 5 OWECEESERAMH Sh b, Tk,
[ AR T, ZEMAIC Y] 2208 C RO BICELR L2 7 VS Lo MICE S 7 7 T AT — VAR AL,

HO@ OO0 Fa— RO—oL72 M, KT, 77774 FRET, 7/VF/VEHDOHOMHAENEM
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IEFRRMEFEER E LTHWORD, 2L, 77 7 74 SONRAIKE-OHRE (0.246nm) & 7 /L% /L
O HWNITHES LT AT L B OBEEE (0251 nm) 2MEIE—F L, 7AXLHITIT T 7 74 bOTx
PREIZ PATICRAE SN DT Th DM, i, AF LU EE2 72 VK 6.2kI/mol DZELT R /L F—73
Bond, 77774 NREIWCHRESNTZT VX VHOFRANEE 5720, TORIZEL 77 T Ay
— VA AAERIZIEAMEE O FREMEAEEH E LTHHATE 5, FHZ, 74X L8 OME% 1.0 nm
BEIZCUCHTICEET D &, TAFAEPHAG N, REBRLENMLZRLX =G 55, Charra b
X HOPG Htlk 1T, 7 /L /LU 2206 CHATICALE S 2 0 F a2 WD L 7 AT VN7 Y v 7 )

DX DI x 7R L aEsE kS 2 & AW L7 (Figure 1.11)18,

Figure 1.11 (A) Linear n-alkane adsorption in correspondence with HOPG after the Groszek model and (B) clip
adsorption showing the rigorous preservation of the Groszek structure for the alkyl chains. (C) Molecular formulas
(upper) arrangement schemes (middle) and STM images at liquid-solution interface(lower) for the mono- bi- and

tri-functional building blocks (left to right). For bi-functional molecules, both rectilinear and hexamer structures are

26



represented. The core molecule was hexabenzocoronene. Reproduced from ref. 118 with permission from John

Wiley and Sons. Copyright 2007.

WA, R U7z 109 AR 72 — OB REIL S 1T Tl <, B LOFREL AT 50 121
AREFR L L7z SAMNs O LG STV D, EEOEREADBFHICH 5 WITHFRICE < HE
X, ENOOMANERD/NRT U AIZE Y SAMNs OREENZE(LT 572, #ME72 SAMNs MR S
LT ENEN, —HT, ZHEU EOER (L) T OMHAEERENM AR OS F a2k EEHE & LT,

PEREMEZE FLOMEEEIO> SAMNs DI E S MR HE STV 5,

1.7.3. % (Polymorphism)

HEEZY LT, =007 L 2EBOBEMEHMMED 2 & Th 2, ZIRITOMERIZI T D
WEL I DOIEIL, 7 F DONARBLERLZE MR 2B & BB ORI & 5 2 LIRS 212, FEREH T
® SAMNs HOEEZIBIL, WAE SN2 1 ONAREEICEEORINE R HH Z & THEL TV D,
Matzger %, T/ FNT I REMMLEZ RO 0 T OVKFREGHRRE 7 7 T AT — VA AEANER OMAE
DEDEWNIEY  1-7 ==L 47 % /HOPG FHEIZIHWTAFEEHDO SAMN AT 5 2 &2 6
(2 L7z 12, F£72, Tahara Hi%, ZADT b I T A FUEHE ZoD A FFUEEZHICHT S DBA
FHE(L DBA-OC14-OC1 73, WHEOFEUTIE U T 7 /b3 VB OO SEARELE O Fedk I E R L 7otk x 727
ARV OMAEREREZ &0 BEFEO SAMNs #E T2 Z & &8 5202 Lz (Figure 1.12)122,

R % (D T2 FHWESHEE) [ZBWTH, AR RRD 5 & BRI DMRER L e L
AL, A4 (RE., B CEERINIEESFIT. FRAEOHAMEITE BN E Ok

MO—FETHDLEBEZDND,
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Figure 1.12 Monolayers formed by DBA-OC14-OC1 at the TCB/graphite interface: STM images of (a) honeycomb,
(c) parallelogram, and (e) hexagonal A structures. (b, d, f) Molecular models of corresponding structures optimized

by the MM simulations. Reproduced with permission from ref. 122. Copyright 2019 American Chemical Society.

1.74. HFOXZ V7 14—k BE#AISh7= SAMNs

AR T, IR O =R ITZEM TIIRE T o 7o — O MRERNERT 2, £D7H, BT
TETFINRSFThoTh, REWCRESINDEXT VT 4 —2HBLT 56005, 207D,
FZ7V T4 —ICRVEIDACHINE. =RoeDSE L FEERIC, BEERRETOAMR hFa—FR) &
B D, THETIZ, FTINVELEFTaXFIARGFITEBNT, 20X 7 U7 0 —I2 X5 B C#b %
872 SAMNs DI HA TS 8128 il 21X, Basenbacher i, Au(111) i LT, A7 A
VRTIREOXF TV T 4 —ICEVBCHENL, LV AT A vl RUATA EENENHREFX T VAR
CTRIRERT S ZEEWALNI LI, ZUE, VAT A VT RERETREX TV ER AT
DL, BHET 20 FICBW TR T VB OKFRS LRERFB IO I RE2N LiceRim L D

FENARNCRDIZDTH D,
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18. EHBRETHFRRTIIVIT 4 —

EARE TX 7B FEAGEROBEIT, REX T AVRRBOIERICORN DD, =FrF4
B LAY — S, =) o F A~ — DR Y — 7 E O SRR BARHIS  OBLE N BLEE)S
Fliu T g 18, BERERE T, 2B FERBIRICF T VT 4 =N ELH72DI2IE, £ 60
RIRBER RN ENMETH D, O XD RERER CTHoFE 3B FEAERNEERT 5 F
FZUVT 44—, KX TV T4 —RREFT VT 4 —LMHINDZ &b H D 18, ERFRmEORER

RERFEEGEDF T VT 4 —IZBNTH, BoF LB FL-YVLVTRETLIZLNH D,

181 BXI7VT4—

AR D & F0 . BARZRERRECRBREIC TR AE SND & RIESPRERNE IR
L. ¥7 U7 =0 ELD, FTNVRGFPEERKRIEICVGE SNSE I T, ZRTZERTIET
X TN DBRESINTHGRICLX TV T 4 —DRBT L2083 bH5, 20X 57, BEEEREICER
HEINDHE, REEPATREICBITAEEZEWHEO AHENKONDTEOX T VT 4 —%2E L 5T X
TN FIE, T ax TNy IR TS (Figure 1.13)15, Z 0 X 512, BEREE CTIE#RED

AL HFICF T VT 4 —DVECRT . ZREZEMEY bRSEHICAR D 2 L 2b S,

-Iﬁl D uu o 2 l.J.:J
@ 9 2 G
{ l? 2 .r_'.g =] [= ] I:g a
2 a"-"' ul'.'l =
& a & 2
i LY Rt F---.‘---. ..-.-.-.-
/ F i \ - -
__,-" ' LY — e O
F, %
/ . _ﬁ--"- -.-:-_
A B -:-.:-.r
——..'i--

Figure 1.13 Schematic overview of (A—C) point chirality and (D—F) organisational chirality effects. The dashed

lines represent mirrors. (A) An achiral molecule which adsorbs flat on the surface (local point chirality). (B) Idem,
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which stands tilted on a surface (local point chirality). (C) A chiral molecule (global point chirality). (D) Chiral
organisation of achiral molecules (local organisational chirality). (E) Organisation of chiral molecules in which
chirality is not expressed into the organisation (global point and local organisational chirality). (F) Highest level of
surface chirality in which local and global point chirality are also expressed in global organisational chirality.

Reproduced with permission from ref. 125. Copyright 2009 Royal Society of Chemistry.

1.82. EHRRETCOBSTFXTIVT 14—

X7 YT 4 —I% SAMNs OFEEEHEIC K VIRESINDGX T VT 4 —Th D, BERE THFIE
A9 % SAMNs [E 17 HEEHD 5 FEHEOWT NI S ND, 17 HEHO 5 5| pl,p2,p3,p4,p6 DI
DOOWHBENRF TNV Th D, Matzger B, ZAVE TIZHE STV D SAMNs O-H#E & 2 DS
BLC o WictET — ¥ X—RZ (2DSD) ICF£ & B8, ZDF — X X=X TIIEEHRD 876 FEE D
SAMNs DORER Y FH, WA 1 OxtFRiE, Frffds KO8 STM B3 F & Hiu T %, Matzger ©
DOIFFETIE, BRI TD SAMNs DIZE A EN pl, p2, pg, p2gg O FHEEOWT NI HFEIND Z
& &R LTz (Figure 1.14), 25 OVHEAETIE, SAMNs F O KE DIy 103 T& . SAMNs 15y
TEENE, 2O KD Il o TR E ISR DML, ZReZEMORE R TH R b D, EEE,
ZRTEDORERR D 3, 230 DZEFRED 5 By F DR TN RER 5 HEAZ L D S, fif T THoF 0%
WZHRET D2MEMIT RO X7 U7 4 —ORBUTB W COIERICEBEREEL 5.2 5, —IRIuZEM
Tlid, MEEERRRTH LD, T AT LA~—RLE2BICHETLZERHERD, FTOD, 7
¥ JREWOFER T, WA FICH O F o F A~ —NEREENTWDL 2 ENE, L,
MR FHFNCHST DTF o F A~ —INEENT D, BFRBICHREIND 2D, - FRMEAEERHEKR
LA RV LREICR DD TH D, —FH T, EERERE CTIIREERERHIRES D720, X 70724
AT 2 2 ENRZ, EBEIZ, 2DSD Tld, 7X 7725 T 0MET %5 SAMNs @ 79%3F% 7 /L Th
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Figure 1.14 Schematic representation of the 17 plane groups used to describe monolayer symmetry for entries in
the 2DSD. An arrow indicates each asymmetric unit, and unit cells are denoted with gray lines. Plane group
frequencies of all unique entries in the 2DSD of sufficient resolution are given, followed by a parenthetical listing
of total number of occurrences and number of occurrences where molecules are not located on a symmetry element.

Reproduced with permission from ref. 126. Copyright 2007 American Chemical Society.
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2. BE EBRMAECOR—STOBNRECHBIIC L IBEHR _RTHTEEKE
21, AvbuFrvav
211, ZFEINFESFEREAVWZRERN SAMN OB

PEREMEZ FF> SAMN & KA CHEET 5 72D O— XAV IR X, KBEREAMHE AMER@ BB &
DR FRAPED @ OCIEI A FESPEFR AR 2V, ZRITCHYIREIE DIEARRITRER L 72D G 203
Dy MPEOHERERZHEHNT 52 L TH D, WEOHIDZL 1T UV G TiTbiizt2%4, UHV &
ETIE. SAMN O# 0 IR LIEE (5F7 T AZ—) OV A XIIRHESFOWERICE Y H HRRFERIE
T&X D, ZOWRMKICHESE, B2 45nm & 72 5 BSOS T IZ s S 7z (Figure

2.1)5

(@) CH3-TOTA @

Figure 2.1 (a) Chemical structure of methyl-trioxatriangulenium (Me-TOTA). (b) Constant current STM
topograph of a N =43 superstructure of Me-TOTA on Ag(111) (Image width: 97 nm; tunneling parameters: 1.0 V,

30 pA). Each bright dot corresponds to a single molecule. Images from Ref. 5. CCBY-NC

R ERREE M 2 FF M E ) SAMN 5524 HE L2 OERS & LT, HIHICERE SNk E R £ 7
ITEHOMRERZER LT, 2o OB OMENER % {4 2 5k & 25789101 Wan 51X
2011 A2, [EE A HE T copper phthalocyanine (CuPc), 2,3,7,8,12,13-hexahexyloxy-truxenone (TrOz;) 3 LT
1,3,5-tris(10-carboxydecyloxy) benzene (TCDB) 723F&EH) 72 SAMN ZTER % Z & 2 L7z (Figure
2.2)°, 1-Phyenyloctane & mBLMVEENS RS T 7 7 4 & (HOPG) & OFE T, b =DD0 13 =F
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R ORERHAL (triangle shape building unit : TBU) #{E5, TBU [ALIETHA & THA, F72138 L0 % B
DEDLED OO THAEFEM L TES L, AAZEILLZEOHEL VR LT, /N&72 TBU AL
THEAET LN TIEL Y REZ TBU BEAEI L, WTES LZHEEITITELEE T flower B
W& & 72 %, CuPc, TrOx B XU TCDB DIREEZEZ 5 Z LT flower THEED TBU DR E X A il
WTELZLEMBEMNI LT, 2o XD RERIT, @HE., B x 72X E KA TT il 5%, UHV
Sfh LT 5 & FERORE CIIEBE ORI X0 . EBRARDSEMEC /2 0 A CEA ORIER 7235 %
Do, WEEHIE OMEUTIXREEA 5 B, ERRE ORI TH D, IR D5y 1 ORI & Kk
(TG ST 3 PRI~ DR TRF =L, 5T B I O0 T & EROMAEATRLF—L &
HITREROHHT RV F—IZ%H 5 L, SAMN JERIC b8 5, £72, WS 113 SAMN (23E

BINTHEZZLSEL b H D,

f g h | oot ot ote J
' ST
wen ARG Bt o)
¥k JRE, SN t;x“ paacr ol ke
R s o R R, *,l .
S T T TR e
e O x\r;, 'Y**Y* X\(ﬁxmamm P
TrO23 : CuPc : TCDB ”** 2
2:2:1  6:15:2 12:33:6 20:57:12 1:3:1

Figure 2.2 The structural evolution of hierarchical structures at different mixing rations. (a)-(e) STM images of
single flowers of Flowers 0, 1, 2, 3, and o structures. (f)-(j) Schematic models for Flowers 0, 1, 2, 3, and c. Image
sizes: (a) 11 x 11 nm?; (b) 19 x 19 nm?; (c) 25 x 25 nm?; (d) 40 x 40 nm?; (¢) 20 x 20 nm?. The molecular mixing
ratios of TrO,3, CuPc, and TCDB used of the formation of respective structures are shown at the bottom.

Reproduced with permission from ref. 9. Copyright 2011 American Chemical Society.
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“AS T T A =R E NS BEE 7 SAMN Tl HRESZEDO —AFES 7 7 AZ—Il=
OOBRRDESMEE (HE, =y P, WNEaT) Bdb, £, MOEELEKT 50713, Thih
PRI DENH A B (Figure 2.3), B L1, BET 207+ B 2THM, 720X, Lo Th
Do WFENED=ZAHF T TAZ—NORE SN DBEERZ SAMN TiX, BH—0O0FRERERD,
RENZHEA SN0 FE (REBIER) (DS C T FREEER D i & e D EE2 LD, = >0
RAOEOEEEED, 2D XS, RiEZEBIT 555 F0HHYe B ikl (Dynamic Self-Sorting) 1%, /)

SRS & LT REBEEEVE 2 R OPEERY e SAMN ZHERT 510 DFENRFBICRD EE X

7‘: 16,17,18O

\
I !

\Y |

vvyyy, | |
Yoy« YVVVYY
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vvy /
. VYV .,

\\\! //

-

Figure 2.3 Schematic representation of a hierarchical hexagonal structure of a triangular cluster which consists of
three different parts (color codes for three different trigonal disks classified by their positions: blue; at an internal

core, green; at vertices, cyan; at edges).

FKHNZBITSH, B 2R EH L LT, FONEKEREOE /ML 5 E O &
% SAMNs DOEEIL, #EIT Jester ©HDO—F LRGN 720, ZOWE TIX, ZRAA~T 0 FEFKR

B TH DR T (Figure 2.4(a)) ZHW, ARAELLE 7T 7 7 A4 N EOFEIZB W TR K THO 70
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SR ATV T AL =T TEICHIES 52 2 L 2P 5 LS, ROFEHART VX LVE
POILIT SO E LD, BT 01 L — o oM HEAEER T %A & IS BEET
D1 EMEERLRVEERSH D, DX, TAFNVERIEORNOENE S PHEICH D
AT D ICL Y, REHEFFZ 2 SAMNs MR SN EnfrEhTnd, LirL, ZOHE

TlE, RS NG ORI B D 5 R 7133 L <A S L THhRn 19

X

OR RO

1]y R=C,Hzp.q n=10-14, 16

(c)

&

: A,
A o

2T 4 =2

Figure 2.4 (a) Chemical structures of the star-shaped molecules [1]r; n defines the length of the alkoxy side
chains. (b) Molecular models for [1]n (here: n = 16), thus illustrating different relative orientations of the alkoxy
side chains and related side chain coordination numbers (CN = 2—6). (c) Molecular and schematic models of
supramolecular aggregates showing the tiles of the adlayer patterns. Reproduced from ref. 19 with permission

from John Wiley and Sons. Copyright 2012.

212. Te RV 7T XVVBEEKRDOERTS SAMN
BIVE KFBE T ae A M L AR Ik, B E 10 <Y . AR 79 774 FED
REICBITHARODEHET VAT EE2HEoOF b FeXr Y [12]7 X LU #ER DBA-OCn O H C4E

B E LT E T (Figure 2.5)%, DBA-OCn (X, 7/ ax v EOES, WHIEERS JONREIC X
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V. IREEOZIVERE L SBREOIZIEREZTEN T 5 Z LB LTSN TVND2, Zabd
SAMNs JEROD EREREN L, T axs ko7 7 o7 U — LV AFAENZ X 50 FRFHEER & |
BFOTNaxL L 7T 7 74 FOREREDOMOMENERTH S (Figure 2.5(b)), L FLEMEE T
X BFOMNSOT Va3 VENREITHIRRAE i1, KD ZH5O7 v ax VEREFEEmI T D
DKL, ZAEREETIZ, B FDORNODT L ax U EOT X THRERICEE SN TWD (Figure
2.5(c)and (d)), ZDZ &2, DBA-OCn X722 HENIEAZFFD SAMN ORERLER L L THIHTE S

EEZT,

Figure 2.5 Chemical structure of DBA-OC;s and molecular models for the porous and linear phases. (a) Chemical
structure of DBA-OCjs. (b) Molecular model showing interdigitation of alkoxy chains between adjacent DBA-
OC6 molecules. (c) Molecular model of the linear phase of DBA-OCjs. The linear phase consists of rows of
closely packed DBA-OC 6 molecules. Alternate rows of DBA molecules have four and five of their six alkoxy
chains adsorbed on the surface. For clarity, only the adsorbed alkoxy chains are included in the structure. For the
DBA molecules with five of their six chains adsorbed on the surface, four of the chains adopt a standard
interdigitation pattern, as shown in (b), while the fifth chain adopts a bent configuration so that most of its length
can lie parallel to other adsorbed chains. The dashed circles mark the locations of desorbed alkoxy chains, orange
for the DBA with two desorbed chains and purple for the DBA with one desorbed chain. (d) Molecular model of
the porous phase for DBA-OC1s. Each DBA molecule has all six of its alkoxy chains adsorbed on the surface and
interdigitated with chains from adjacent DBA molecules forming a network of hexagonal nanopores. Reproduced

with permission from ref. 20. Copyright 2006 American Chemical Society.
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LLED &9 s b, FEE, M2k & UTRIREEEIIE 2R SRR 7, SAMN 24
FY ORI 2 ED D70, BIICRR DL L 50 FoHEHEMNEFIH Lz, =0Ttk

PEERY e A QAR T 5 & L bIT, Lo THEHERFZH 60T 52 LIiT L,

213, STakGEt

DBA FHEAREMERER L LT, 2R ROt H CEGHEZMET 272012, 2 FOXFEL Dy,
B Cop 2D LTI TR ER S, ZOHCEANRILNTZ, Z20R W vax il =20
A N X VHEEZZHIZFFD DBA-OC14-0OC1 1%, 7V 2 EOBMO B RENEMT L2 & &, Wit
WA SNTZTAaxvi (ZZ2TE m ERLT D) OBOEWICLY, BESZEERT I ENRHALN
IZENT22, ZO4FTlE, WO & WEIREIKA L TREZ R EZ R LT, ZORITIFEN G,
H—5F 2B T, REICHWHWESNDT LI (n) OEDNERRDSAREE b oY+ &t
REFR L LT, TRARBIICEL Lo SEETIUE, X0 AR FESGEBSRALTHND LV D
WL Tle, SIS, o FRIOMAEROREA S L, SRR EREEH &G TRIHT S
T LT, BOHEOARM LCPEERZ SAMN MBERTE L 8B X2, ZDd, = OORMT L= x

VL ZoDe FuXxUIEE R HIZEFS DBA-OC14-OH % i%it L7= (Figure 2.6(a) and (b)),
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(a) R'O OR?2 DBA-OCn (b) ?/

R'=R2=CHan 4 1
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i : cluster formation through self-sorting by hydrogen bonds

ii : hexagonal self-assembly by van der Waals interaction
Figure 2.6 (a) Chemical structures of DBA-OCn, DBA-OC14-OC1 and DBA-OC14-OH. (b) Schematic models
of four DBA-OC14-OH geometries with different m numbers. m refers to the number of physisorbed alkoxy
groups per DBA molecule (color code for the triangular -core, blue; m = 0 at an internal core, cyan; m =1 at
edges, green; m = 2 at vertices, and dark gray; m = 3: color code for other parts, grey; tetradecyloxy (OC14) chain,
and red; hydroxy group). (¢) Conceived hierarchical self-assembly by clustering DBA-OC14-OH molecules in a
triangular manner through hydrogen bonding interactions between the hydroxy groups and hexagonal packing of
the clusters (n =2, 4, and 6: n refers to the number of DBA-OC14-OH molecules forming each edge of the

triangular cluster) through van der Waals interaction between the alkoxy groups. The alkoxy groups that orient to

the solution phase are omitted in this model.
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22. WRLEZ
221, RIELABFAR
DBA-OC14-OH [ZIATE R LA RE AR L AR o P e RIC KV G Sl b oz vz
2 F7-. HREEEE L LT 1,2,4-trichlorobenzene (TCB), n-hexanoic acid (HA) F 721371 & OIRAE: %
MW T DBA-OC14-OH DIRiEZFR LT, FEREETHS TCB 1L DBA-OC14-OH Ot Fr
KR OKBREEGHEIERZIE LRV, DVRVEETH D HA 1X DBA-OC14-OH Ot R f i
& DRITKERGHANRT 2 TR H 582, 2 b OB 71X, FRAE < LIZLIE SAMN
WIZHIRE S D, DT, WS8R 5 EKRAZ & 2 2 & T, SAMN JERRICEET 5 2
ELHIFF LIS, WHIREDG X% SAMN ORMELLAZH~L 70, WHEIREAZ 3.0%10° 725 1.0 x

104 M IZFRHE U=k &2 VT SAMN 27 L7z,

2.2.2. STM HIE

Yo T NVEIR . BEBR LT @Bl B iR 7 7 7 A 1 (HOPG, ZYB grade) FEBRIZI N L. BEHKS
HIZHIT D STM HIEEIT- 72, EBRIT, &K% HOPG FMIZ 15uL i FL, TOHICT=—1
T ZITHOTICE O EEEIR (2026°C) T STM HIET 54>, & %E HOPG FEHIZ 40 uL i F
L. ZO#%IZ80°C T3] 7T =— U v ZME L THob AARICER E THHE L7-#%IZ, IR T STM

HIE L7-%,

2.2.3. DBA-OC14-OH 7% TCB ¥ THHKT 2 SAMN
TCB/HOPG SEIZH VT, WHIREST =— U » VIO A HIZE%72 < DBA-OC14-OH |3
hexagonal porous & DA%, 80 x 80 nm? LI DAV VEIE TR L7- (Figure 2.7 and 2.8), STM [Hi{%
i RIS P RVERZ L LT o WERAEEMITA L <TREN DY, T D), BT ol
LW =213 DBA-OC14-OH O 7 3% = 7 (TN 35, — T, B<BRIS N L5213, lakm
(WG ST 7 V)V ERICH Y4 %, Hexagonal porous #i& Tlx, -2 DBA-OC14-OH 451~ CHERL

SND=M 7 T AL =, NAZEILOTEHRITNLE LTz,
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7

Figure 2.7 (a) STM image of a hexagonal porous structure at the TCB/graphite interface (1.0 x 107* M, et = 200
pA, and Viias = —0.39 V) and (b) corresponding molecular models optimized by MM calculation. The unit cell

parameters of the hexagonal porous structure are a =b =7.2 + 0.2 nm and y = 60 + 1°.

Figure 2.8 STM images of a hexagonal porous structure (a) at 3.0 X 10 M (st = 100 pA, Viias =—0.32 V) and (b)

at 1.0 X 10 M (Ziet = 300 A, Viias =—0.40 V).
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Bz B IUER Y 72X —DOBICH 5WHE SNIZT VX NVEEOEERET 5720, STM H{§ O Wik
B SO EAT o7z, Wil D& S X, 4 BOAIERF A STM HEif%: (30 X 30 nm? LA ) oAb a8t
10 &P CRH L7z, R E LT, Figure 2.9(a) DV VERIZIN - 7= WrifiE & 081 % Figure 2.9(b) (27K
9, Figure 2.9(b) TiL, W& SNLTAAFAEHOMmNSIE TIZE2OE—27 (RWEH) B8H 5, E
— 7 MO V¥IEEREY 0.46+0.06 nm Tho7o, ZOEIX, 777 7 A bl L TR LT L% L8
B < 7 7 T AU — VWV ZHEER R R R T 2R —B L Tna38, toove—2 1%, Bi#ET 2
7T AL —INIRE SN EARDT VXL D, £DD, BHET 57 7 A2 —HICiT R

DT IVF VDI E WG ST\ 5 & 2 7= (Figure 2.9), £ 5O 7 LS )LE8{1X HOPG O i

He

D—2EWATICE LT, %, ZHHESOESIL, TAFAEHRS LI bEeole, Th
I, LU EWEERZ RTINS SN -8R TCB /ISR T 5 AlfetE» & 52°, Hexagonal

porous HEEDHALKEF /ST A —21L a=b=72+02n1m,y=60+1° TH D,

(nm]

-0.01

-0.02

-0.03

Figure 2.9 (a) STM image of a hexagonal porous structure formed by DBA-OC14-OH (1.0 x 10 M, after
annealing treatment, It = 100 pA, Vuias =—0.40 V) and (b) A representative line profile for cross section height

analysis along the blue line in (a). Red arrows in (b) point to peak tops of the adsorbed alkyl chains.
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STM MHi#% % & IZ/ERK L7~ Molecular Mechanics (MM) €5 /L% Figure 2.7 (2759, Hexagonal
porous FEIETIX, L2D7 /L aXx VEMBEHET A NEEROM THWIIHAS > TWD, TUEERIZAME
fC, = DFELIEMUSOT NV ax R EEST 57 T AX—L OB THAR Y ZENTE S ([3+4]
DA, 0 [3+4] OB TR, FUEENS =S I M-S0 7 /L= 3 SR LT
i/ A ER 2 ETe, D FET AT, ZABOMEERRS, Gy MFROF L1 (Figure 2.10(a))
L. G BEOWERIT G HFROEPH DS+ (Figure 2.10(b) and (¢)) THERR S5 & E L THERR L
Tro BED C & C RMHONTTIE, 1| AEZIT 2 KOT Va2V HBITAERMICER LTS (m=
1 £720% 2), THRD Cy ABEOHFEEFHDO=>0 C, BLWELIL C IS+l ArEdbEs 2
LIZED ., oD (G, G, C), (Cs, Cs, Cy), (C1, C1, Cs) BED (C1, Cy, C) WEENFEETH D, EARD
T3 VN ERIICBIEZ S 22D, (C1, Ci, CICs, Cs, Cs) B XY (C1, C1, CHIC, Cs, Cs) DD
DAL DEDIRNAHETH D (Figure 2.11), N5 _2OHEED H H, MM FHEIZK Y (€, C,
CHCs, Cs, Cs) ET VX (C1, C1, C(Ch, Cs, C) ET LD & DT INCLETH > 72 (0.036 keal x mol!
x nm?, Figure 2.11), (Ci, C1, CD/ACs, Cs, C) ET/VTlE, =27 7 A X —F150D DBA-OC14-OH & %
DJEY D =>0D DBA-OCI14-OH Ot FuFx 0 0 JF1 & H KO FE-MERHT 22+02A

ThHY, TNHITKER/AMEEIERL TS EHERI X7z (Figure 2.7(b))%03,

C,,-symmetry C,-symmetry C.-symmetry
Figure 2.10 Three optimized molecular models of DBA-OC14-OH with (a) C3;- (m = 3), (b) Ci- (m = 2) and (c)
Cs- (m = 3) symmetric geometries by MM calculations. In the molecular models in (b), a desorbed alkoxy group is

replaced with a methoxy group.
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Figure 2.11 Molecular models of the hexagonal porous structures composed of (a) (C1, C1, C1)/(Cs, Cs, Cs) and (b)

(C1, C1, Cy)/(C, Cs, Cs) geometries constructed by MM calculations.

Hexagonal porous #1& (13, NATEOZEFLOIEFINALE S 2 7 F L83, KEtEl (CW) £7z2

IXEFRFEI YD (CCW) D& TRBISNDB %7 VT 4+ —05 5D (Figure 2.12), £7=. B

I MNETTT A4 ROEBO 1 SICHT 238 [1100] & OO MEDGEC - ThEREND,

WIEFEA STM EigZ2 W OAMER L, BARFXT ML E T T 7 7 A4 O EHIO—2IT% 3 515

[1100] & ORIOMAEEE 50 S TRIE Lz, FHMAEEE, CW Mk s CCW M TZR L —5.7£05°

L 51+1° Thotlz, B, FT7 VT 4 —DRD AL 3FEH ETELWES TFEAEL T,
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e
22

R Y Y
Figure 2.12 STM images of (a) clockwise (CW) and (b) counterclockwise (CCW) hexagonal porous structures of

DBA-OC14-OH at the TCB/graphite interface (conditions; (a) 3.0 x 107¢ M, It = 200 pA, Viias = —0.40 V, and (b)

1.0 X 107* M Lt = 200 pA, Vbias = —0.40 V). White arrows in (a) and (b) indicate the orientation of the main
symmetry axes [1 iOO] of the graphite underneath. Blue and yellow dotted lines are the directions of the normal

[1 iOO] to one of the substrate’s symmetry axes and one of the unit cell vectors, respectively. CW or CCW rotation
of the unit cell vectors to the normal is expressed by + or — signs of the angle «, respectively. In this assignment,
the angles  become negative and positive values for the CW and CCW domains. (c, d) Molecular models of CW

and CCW hexagonal porous structures constructed by MM calculations.
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Hexagonal porous #§i&id, H—3F L~ @O LNV THRT VT 4 —24 05, H—0FL~UL
TlE, 7V 7 o4 —ZEHEOHEHI R ERER TS5, Fl21X. DBA-OC14-OH D6,
mETENRENDOT NI NEHNRR B UVBROAEITEOBERTOELHITHE L TNDMNIT XY
XRS5, AiEEkEE, ThEN R BEO S Mozt FH4~—L95 (Figure 2.13(a)),
Hexagonal porous f#i& 723 (Ci, C1, C1)/(Cs, Cs, Cs) MERTHER S TND EET D & Wi OG5
PEEN U EAE AR L, D DBA OXF U7 4 —FEBO =200 FDX 7 )7 4 — L ITRKH
725 (Figure 2.13(b)), 7= & X, 015 R BOLGE, JEEO=>0 DBA X § MTHd, ZD
POERIL, R-3S-teramer & F£RT D, BOSOMAE DD EARIL S-3R-teramer TH D, Z DPUEN
BT D, RO TFOXT VT 4 —DOMAEDEOHIIRIL, DBA M TAEMAEZEK L, SRR
R 727 VX VB OB Z [A8Ed 25 72 1M BT H 5, Hexagonal porous @ CW i (L S-3R-teramer T

RERL S, CCW Hi1E S-3R-teramer CTHERK &A% (Figure 2.13(c)).
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DBA-OC14-OH (R-type)

DBA-OC14-OH (S-type)

(b)
R-3S S-3R
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I
S-(C, C, C) S(C,C,C) : R-(C, C, C) R-(C, C, C,)
i
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1
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1
|
S-(Ci’ Cl' Cs) S'(cl’ Ca' Cs) : R-(Cﬂ C1' Cs) R-(Cl' Cs' Cs)
(c)
- “wy . g Y
Sp s gl M S
Cw CCwW

Figure 2.13 Chiral hexagonal porous structures formed by DBA-OC14-OH. (a) On-surface point chirality (S- or

R-type) of DBA-OC14-OH at the single molecular level. (b) Supramolecular chirality at the tetramer level (S-3R-

or R-3S-tetramers). There are eight possible tetramers consisting of different chiral geometries at the single

molecular level. (¢) Supramolecular chirality at the hexagonal porous structure level (clockwise (CW) and

counterclockwise (CCW) rotations). In the molecular models (b, ¢), the desorbed alkoxy groups are replaced by

the methyl groups.
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2.24. DBA-OC14-OH 7% HA ¥KRF T TS SAMN

KIZ, HA/HOPG 23517 %5 DBA-OC14-OH @ SAMN % ifi#s L7=, TCB/HOPG St & 1357
v . HA/HOPG SHIZE\V T, DBA-OCI14-OH LKA L= SAMN ZJERk L7=,

DBA-OC14-OH [Z{KIEE (6.0 x 10°M) T triangular cluster (n =2) #1&ED A% Ek L7- (Figure
2.14), LB, ZAS 17 7 AX—DOh A X%, —IIZFEET 5 DBA-OC14-OH O#% n TR
be ZOWE. AR T AX—EERT HDIZNE DBA-OC14-OH Ot N IX N=n(n+1)2 TH
AL, ZOfE N I ASAIND=AOREOEE —ET 5, ZDOHETIX, DBA-OC14-0OH (m = 2)
T ZOMBRERESND =7 T AX =N SAROTEREZHK L TEYI L T\, £/, BET 572
T AL —MNIZUARD 7 L5 L85 & S Sz — >0 HA BAHHAEMEF LT /= (Figure 2.15), %
oo THHDOT N FLEHE HA 1X, HOPG O F#lD—> L FATIZELM LTV /o, Triangular cluster (n =
2) HEEDBNAEA/NT A—HZ1L a=b=64+02nm, y=60+1° Th-o7z, HWFESINZ HA 551
1%, KFBHEEHEMER THNAR B BIK (head to head DI AAEM) Z1/EAELA & . DBA-OC14-OH
Dt Fax e~ TayfREMGHEEENT S (tail to tail FHAEAER) BRAH 5, —DODOHEIED
LEATRNF — (Bow) BT 5L, BENAE LY S 1.2keal'mol ''nm2 ZE T -7 (Figure
2.16), L7=M-> T, ZHLEDSFET LTI HA OB /LR F VIR DBA Ot RFo U 5EoKkE
fEMAERT 5 & Lz, MM GHRTIER L7253 F+F 7 /L Tld. DBA-OC14-OH Ot Fr 0k O
JF1-& HA ® H FOFEHFE-MERET 1.70£002A THY, 7. DBA-OCI4-OH Ot K
VO H JFETE HA @ O FTOFHEHEHEE 1.75£0.01 A Th o7 (Figure 2.15), i HD
Z &6 triangular cluster (n = 2) #i& TlX DBA-OC14-OH Ot R ¥l HA OV ARF EN

SO CKER A EIER LTS LHEII Sz,
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Figure 2.14 (a) STM image of a triangular cluster (n = 2) at the HA/graphite interface (6.0 x 107 M, et = 250
PA, and Vpias = —0.39 V) and (b) corresponding molecular models optimized by MM calculation. The unit cell
parameters of the triangular cluster (n =2) are a = b= 6.4 £ 0.2 nm and y = 60 £ 1°. (¢c) STM image of a dense
structure at the HA/graphite interface (1.0 x 107* M, e = 200 pA, and Vpias = —1.20 V) and (d) corresponding
molecular models optimized by MM calculation. The unit cell parameters of the dense structure are a = b =1.37 +
0.05 nm and y = 60 £ 1°. For models (b) and (c), one or three OC14 group(s) are replaced by methoxy group(s) to
represent the alkoxy group oriented to the solution phase. Color codes in (b and d): blue; carbon atoms of the

DBA-OC14-OH molecule, magenta; carbon atoms of the co-adsorbed HA molecule, red; oxygen atoms, and
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white; hydrogen atoms. The green dotted lines in insets of (b and c¢) indicate hydrogen bonding interactions

between the hydroxy groups of DBA-OC14-OH molecules and those including HA in the inset of (b).

Figure 2.15 (a, b) STM images of a triangular cluster (n = 2) structure formed by DBA-OC14-OH (6.0 x 10° M,
Iset = 200 pA, Voias = —0.79 V) at the HA/graphite interface. Blue dotted triangles and red dotted ovals in (b) are the

DBA r-cores of the trimers and co-adsorbed HA molecules, respectively.
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Figure 2.16 Molecular models constructed by MM calculations. (a) Triangular cluster (r» = 2) with the carboxylic
acid dimer (the head-to-head interaction). (b) Triangular cluster (n = 2) with the heteromolecular hydrogen
bonding interaction between HA and DBA-OC14-OH molecules (the tail-to-tail interaction). Co-adsorbed HA
molecules are colored in magenta. For models (a) and (b), one OC14 group per a single DBA molecule is replaced

by methoxy group to represent the alkoxy group orienting to the solution phase.

Hexagonal porous 1% & [AIEEIZ., triangular cluster (n = 2) #1& & 2EFLOSMEAERICHLE L7277 /L /L84
DR TERITED CW & CCW DD XTI VT 4 —Dd b, ZONRMBELTRRTE L85+

X7 UF 4 —lE. CW & CCW HEEDHE LT hLD—DE ., 7T 774 FOFEFNIKRT 5 ERR

[1100] & DRIDHE a OBFFICE>THRBITE 5, 5 HOMEFKZ STM Hifg (30X30 nm? LA F)
B 50 R EARE L7ZAR, CW & CCW HEED AL a OFHJIT -5.0+0.6° £ 5.0+0.5° TH
o7z (Figure 2.17), $£72, B X7 V7 4 —DORIRD R AL FTEHE LWEIG TREITHFEL TV,
MAT, =47 7 A2 —DF% T VT 4 —F, BH—F LV @S-V TRITE S, B
— R FLADOFT VT 40— (R ETILS) IFEHANZ =KD XHITE S (Figure 2.18), = DDk
EFX TN UTF AT —DOERICLY, REXF TR ZBEDERIND (R-R-R-F721% §-S-5-— &

), CW BLO CCW &1L, TN ZFh R-R-R-E£721% S-S-S- —BAK TR ST /= (Figure 2.18),
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Figure 2.17 STM images of (a) clockwise (CW) and (b) counterclockwise (CCW) triangular clusters (n = 2) of
DBA-OC14-OH at the HA/graphite interface (conditions; (a) 1.0 x 107 M, It = 200 pA, Viias = —0.40 V, and (b)

1.0 X 10* M, Iset = 200 pA, Viias = —0.40 V). White arrows in images (a) and (b) indicate the main symmetry axes

[1 iOO] of the graphite underneath. Light blue and yellow dotted lines are directions of the normal [1 iOO] to one of
the substrate’s symmetry axes and one of the unit cell vectors, respectively. Clockwise (CW) or counterclockwise
(CCW) rotation of the unit cell vectors to the normal is expressed by + or — signs of the angle a, respectively. (c,
d) Molecular models of the CW and CCW triangular clusters (n = 2) constructed by MM calculations. Co-
adsorbed HA molecules are colored in magenta. For models (c) and (d), one OC14 group is replaced by methoxy

groups to represent the alkoxy group orienting to the solution phase.
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