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I
Au3 agle] wde] wet Arel A Jbg Fad S ate HFEH ol nFHE H
WA ke BEE @A A gl FrhE s PAvEd oF e @A

A8 FAES SR 9 shte] wHow Bas

2 AAEsE (Molecular electronics)e A2¥3lE 754 AR AXe TS Qsto] &4 ARozmA JfH
TAE AMEStE ALRZA, EAE VIEXEE [y HY" £XUt ol59 guhd " HAH Gzl ojw
#AAE = Ao gk 7|24l o]t H sttt

HAANA, A AR 2 Al e F7] 22 &A1 AR, A 244 (molecular wire), A 2~
A (molecular switch), ##F AF7](molecular rectifier) AT 2L 7|54 €52 TA402 yyo o
THI Uk, o]y Boke AT vk Vs AL gEo vF, 4§ 5 TS FASE g FEHA A

T JiEE AL ol

s} S0 17k mpoloj o] tistel AFe MHY SHS SHOE s ARE A4 FANA Ue o] &y
EoAE B4oRA, Bd BAF B wd B4 MoR s Bx 2Ade A4 FAMNE AT} ol
=

o

197439 w=r IBM AFY] olHl& (Aviram)¥ ZFEY (Ratner)7} 202 EA EAS o] &3l Ex} tlojex=

A7 54 Z2e 2AE %5 F dva Adednt. S, & A el "AAFA FAA (D, donor) - FE A

el Alzmt (o |4 (W2 74 D-0-4) E F A3, 24 ol #H= dibe] LAtz HA

=AW =4 % ko w WS VA A HW, ol¥A HIH A4, =, AAFA-GH-HAALA Y 2
= gt z wgognt AFrt 52 A

™

ddo] B2 g (molecular

rlo

5 2R A FxoA A/ 5
2 B B2 A5 Ade] v ouvR] 29l 9 Ay Er|e shar, wrdd] who) =449 vho]o] Tt o}
shife] Aol d4o 2 ggdstel 58 T4 (hopping process)d] TAO R Qg AoR MYHI|E 33

-z
Sh
o,
ox
o
2
ol
R
2
o
fu
o2l
41
A

Aol AFHAE &Egoer, AAE A Y EXo AAH Fx=2 <%
Exolgtn el AR 27 (¢ r=lJEDI/IED], r=lJED TGN, JD Aen = A Vel A
of AF BE)7F v Fa, w3k B3¢k 2 Fx wiie AF 548 WEsA 945577 oAFH .

olglst AH{ WAUSF B4 @I TAE AES Y] fd 22 AT 252 HEZ24A (Fo) 2 I {24
(Fc, Fcy,Fc-C=C-F vl g (2,2'-bipyridine, BIPY), &5 (fullerene—Ce)¥ #ol n A7}

Z33 RolojEl2 Z2UH p-U7E 2 olE (n-alkanethiolate)S ©]€3t3l, &§ Ga-In &5 (EGaln)3o #

N

(e}
ol

0
o

oo Fe GEAS 2He LPE LU EE ~ 100 A ~ 10 W9le] AEus Ve A E, Tkl BIPY 2
fullerene—Ceo s 2tE mUIE|SYO|EE ~ 10°% YERNT, Fc fFAlollAe A/ S48 2224, & |J(-

NIZE [T B szom, BIPY R fullerene-Cs®l A= Feol A-9F mttheolth. Fe F=A41¢ A7 WAUS
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3= gslgA (PAH) ook 18 (PAH = BP, PYR, ANT, PHE 2 NAP), n~<tzt A}S 2 78 80249 ¥
2 FAEE ) PAH 9v 2F3 AR A= Alolo:= wF Hl 2 WA (van der Waals) A& #Z-go] vt

flo o

% 19 b)E Ag /SCuPYR//Ga0s/EGaln & 2ol et loglJl-V 4] sl=moln], SC,PYRS] A4 7k
S~ 148 + 20|t},

T 19 o)E Aold AFAA ZdolS zhi= PAH 152 HOMO, LUMO 2 oux] wi=4E veldl =xo|c),

w2 @ 32 Ag"/SC,PAH SAM (PAH=BP, PYR, ANT, PHE, NAP)ol ©lsk XPS 2~sl= o 37 % 39 a)™= SAN
o] (1s ~#EHo|I1, b) SAMS] $2p A EH 0|t}

= 4% Ag /SC,.PAH SAM (PAH=BP, PYR, ANT, PHE, NAP)o| th&+ B3l HZ7S =4 (53 24 H7gh)shol
SR o] u A o] .

T 59 a)E B wdo] mE 3 (PAHE wrhe] zZhe n-7HE]S) ) SAMO] gk logl ()| 2 loglr| 32
Eafoly, b)E sl loglJl-V F4& SJEW #2072 el Aol

% 69 a) CP-AFM (conductive probe atomic force microscopy)< AF&3le] Au ZAE#¥ 2 Al SC,,PYRY

= 2AY B4 AS MygstE AEFEoelal, b)E CP-ARM A a3 93] =A% A7t At (£ 1.0V)9 I=
EE ¥

= 78 A%, 98 ~ 298 KO ALA Ag /SCLPYR//Gas0s/EGalne] A7 A B4 BA A=A a) + 1.0 VoA

ZA% J-V trace®]i, b) ofelyg-2 ZTFoln], ¢) Lxd g loglr | ZFEoli, d ) Tk 1ES A9
-PYR ¥ -Fc¢ A7F71¢] EGaln 7|9k 3o gt +24 FAM (PYR W] Fo)& BT Aol

= 8% (Ga0s/EGaln®] K¢} PAHO] Ey (energy of molecular orbital, HOMO = LUMO) oA x}o] &3} zt
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o] ohdl, £4% BYYel E5H, Araidai® BA-AF AEY BAL WO Sl + T L - Vol 1]
WHoE Base 34 B9el o AdS FaAs.

Bowme] we Bx AR o] o Axdd oW, A7) [s8t4] (]2 BAEE B o]gso
Ag /SCHPYR/ /Gas0s/BGaln T22 ZH= A7) 29 w3 (SA) 719 tiid 83 TrolA 5Yy Anuss 4
I3 FFEoR AFI).

3t7] = 19 a)olA HE uwie}l o], A AgTS—‘E TS (template-stripping)® 9rEolz & (Ag) H=Fo|ar,
SCuPYRS 2 o] w2 5%, = 3#d7] (pyrenyl, PIR) 53 2& ZAZe wakE wslei (PADE

o]zt pARE ol ElY, Ga0:/EGalne Gays o2 Y o8 ZF-¢F &= d=ola, //2 v
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TSk, Tl AAldolA B i wE 33tEoe] 7t 7 54E& P8 #Estr] fstel, e 22
S A

(1) ANEE d&2AST Lol PAH &9 HeologE Wz #d”] (benzolalpyrenyl, BP), I|zd7”]

(pyrenyl, PYR), SIE nthracenyl, ANT), #HW3FE#9”] (phenantrenyl, PHE), Y}~ E7] (naphthyl ,

NAP) o= 3lo] AfFAolA dolg deste] 27 At AFES F3ste] o]o & PAHY ZEE|Y 24|
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l
G oA olRE A4 WA AR WP (CPARDAA Y AFe] Fo FAE fAR Y PR J-
- .
iv) UPS (X914 FAa 2371 ol §stel PAH 71§ Zi7hol tIE HONO, LUNO 91 ¥ PAH 71F Wash 47

(v) E@, 47 54 4% AF0e) AUAA Ga,8l A3k B Sgol /A Fe-E SATAT

ofst, AN R AFAE Fao] B w9 U% AAS R/ E Wk, oleld AN R APl B W
9 woln}, R o] WA} oleld AN R AGele] dste] A= A

Be FAACR drlE] fg A
o

o}t

Aleke Sigma-Aldrich, Alfa Aesar R TCIOA Fg3te] @] ®HASHA &+ U= ARSI 771 &A=
Sigma-Aldrich 2 DaejungollA TY3st o =& Aqua MAX-Basic System (Z7] #38lo] 18.2 MQcm o3} &
ol 2F)E AHEEte] AASIGT. eE T AF - dF (EGaln; 99.99 %)= Sigma-Aldrichel A T3] 1
2 AFESTh. T3 WEs saleAE ddbel| ZhE pralkanethiols @A ow, A4 3, 4 T ol
A BEseh, & kgl (300 nm)S AAY F7] (ILVACO)Z A& 9ol (#7100 mm, 1-10 Qcm, 525 +
50 micron F7) ‘ol FZAAZTE. FAEA SFAE Norland (NOABL)AlA] F+d3te] 1o = ARE-sFSATH.

HZ CNR =FEHL w2 CHCl; B UF FFo=2AM JF &ulE& AFE3}e] Bruker FT-NMR Advance-500

o] gslo] SZA4skgitt. 3std ole2 UlFE TMS H AZH A5 ()9} ﬂeﬂ%}oﬂ Hj gk (ppm)i EASEAL
=2 >=o]t}. MS (ESI-QTOF) 3732 Bruker compat Q-TOF MSE o]&3le] SAsAY. =E XPS 2 UPS
Monochromated Al Ka @ Hel 227} 9l Thermo Thetaprobecl A <=3 0}033}. 71 % 01]/‘19] AL
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Ju
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2ol (PS-CG2ST, MODUSYS)oll A <=3 3}3lTt.

<FAd : ZYAEY WEE 9854 (PAH)E 2o z2HE nalkanethiols®] F43>

4o 1 : 11-(pyren-1-yl)undecane-1-thiol (S4)¢ A
3] [ 1ol e dAE Eake] B do] w2 11-(pyren-1- yl)undecane-1-thiol (S4)Z $H4333ict.

(54 1]

o) (COCl),, DMF (cat.) o)

Br OH - Br (]

O Br(CH2)1,COCI O
0 ——— ¢

_—
® SAE
o
O Br LiAlH,, AICI, 0 Br
_—

‘0 Ether, DCM ‘O

® o =

O Br 1. Thiourea, EtOH, reflux O SH
‘O 2. NaOH, H,0, reflux ‘O

@ (J s

(1) 11-Bromoundecanoyl chloride (S1)¢] &4

11-Bromoundecanoyl chloride (1 g, 3.77 mmol)3} DMF (0.03 mL, 0.38 mmol)ZE 50 mL T<vlet Zep~T0 F
4= DCM (10 mL)ell &3)A]7]aL, oxalyl chloride (0.80 mL, 9.43 mmol)9] &S Z23d 713, &
S FUFR 30 ¥ woF wwtela, Wz Edo] FRg o FxZE guf L 3ol oxalyl chlorideE ZF3}el
A AABRT. SFFES BASA g oS DAl AFE-SHT.

(2) 11-Bromo-1-(pyren-1-y1)undecan-1-one (S2)2] &4

%471 S1 3L AICI; (0.60 g, 4.51 mmol)< 10 mLe] 7= DCMoll &8iA171a d5FellA 0 T2 W27, 10 L

o] DCMell &3¥ Pyrene (0.76 g, 3.76 mmol)S E&Eo] A7t WHEES 0 TolA 5 A7F < wyks)ar,
s E9ES 48 / B/ Et0 T8 . f715S B2 33 AAHF L NgS0, oA dRAF . %

[€)
== 4

AdEs A /DA (2 1 De &edos ARgehs dert A azvtEddqe 2 gAslnh, WA A2
2 828

MR (CDCl3, 500 MHz, 25 C): & 8.85 (d, 1H, J=9.3 Hz, Ar); 8.05-8.33 (m, 8H, Ar); 3.39 (t, 2H

J=6.9 Hz); 3.22 (t, 2H, J=7.5 Hz); 1.85 (m, 4H); 1.28-1.45 (m, 12H, aliphatic chain).

“C MR (CDCls, 500 MHz, 25 T): & 205.47, 133.58, 132.99, 131.12, 130.60, 129.47, 129.39, 129.25,
127.11, 126.39, 126.19, 125.99, 125.97, 125.05, 124.83, 124.39, 124.02, 42.71, 34.06, 32.83, 29.44,



[0064]

[0066]

[0067]

[0068]

[0069]

[0070]

[0072]

[0073]

[0074]

[0075]

[0076]

[0078]

[0079]

SIS51 10-2019-0124381
29.39, 29.36, 28.74, 28.16, 25.01.

MS (ESI) m/z: [M+Na]+ calcd for CyHogBrONa: 471.1300; found: 471.1297.

(3) 1-(11-bromoundecyl)pyrene (S3)¢] A

T ve ZERaFolA, 5 nle] AZX Et00] &30%F AICI; (0.77 g, 5.74 mmol)& AZF Et,0 2 LiAllLel 1M
glo] H71e Fo, WS FoH 0 T2 Ygd =] 1= DM 10 mLell &3 S2 (1.04 g, 2.3 mmol) S
A7baet. vk EYES AZdA ugketar, S27F Abebd wjzbA] TLCE RUHE skglth. 10 mLe] Et,0 B 10
mLe] E& FHUbste] Wb AMAAZT. F7]15S DONSRE FE3FaL Mg,S0, ol Al A=A Z . ARES
g7t A AdazvtEadgy (g2l @ @A F 10 % DM (v / v)ell & AAlste] $3S 60 b FEE F5
=

i

iz

(<0
32

1H NMR (CDCls, 500 MHz, 25 C): & 7.86-8.30 (m, 9H, Ar); 3.40 (t, 2H, J=6.9 Hz); 3.34 (m, 2H);
1.85(sxt, 4H, J=7.4 Hz); 1.28-1.51(m, 14H, aliphatic chain).

13C NMR (CDCl;, 500 MHz, 25 C): & 137.35, 131.47, 130.96, 129.69, 128.62, 127.55, 127.27, 127.09,
126.49, 125.76, 125.10, 125.08, 124.77, 123.55, 34.07, 33.63, 32.85, 31.95, 29.80, 29.56, 29.52,
29.42, 28.75, 28.18.

MS (ESI) m/z: [M+Na]+ calcd for CyHlsiBrNa: 457.1507; found: 457.1503.

(4) 11-(pyren-1-yl)undecane-1-thiol (S4)¢] 3+

Z717F A&E 50 L T Ate ZEA39, 20 mLe 5 S3 (0.58 g, 1.33 mmol)
2 dol (0.11 g, 1.47 mmol)¢] EIFEL 24 A A ZATE. NaOH &% (0.11lg , 2.66 mmol)<
|dof| H7tstar, Wb B8NS N, shollA 1 A 5<F FFAHAT. dHE EFES N, Sholl Aoz Yoha|7]a

w
oft

<
-

_% /K]E];}_ 7—]] 71—243_

H
DOMe.= &8t &AZ #7153 NaS0, el A AxA71a g sFA0T. = A&
R PAReza s E7IA3) 2 A

2utEag s (&8 0 A F 20 % DM (v / v), B 10 & 5 HE

I NIR (CDCl3, 500 MHz, 25 C): & 7.86-8.29 (m, 9H, Ar); 3.34 (m, 2H); 2.50 (q, 2H, J=7.4 Hz), 1.85

(dt, 2H, J=15.3, 7.7 Hz); 1.27-1.62 (m, 16H, aliphatic chain).

“CONR (CDCls, 500 MHz, 25 TC): & 137.36, 131.47, 130.96, 129.69, 128.62, 127.55, 127.26, 127.08,

126.48, 125.76, 125.10, 124.77, 124.61, 123.55, 34.05, 33.63, 31.96, 29.81, 29.58, 29.50, 29.06,
28.38, 24.67.

MS (ESI) m/z: [MHNal caled for CyllyySNa: 411.2117; found: 411.2119.

34 o] 2 : 11-(phenanthrene-9-y1)undecane-1-thiol (S6)¢] A

HESA 270 WE TAE Esle] B o] & 11-(phenanthrene-9-yl)undecane-1-thiol (S6)< 34
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1. n-BuLi, 0 °C

R—Br > R—(CH2)11 Br
2. 1,11-Dibromoundecane

D«
59
1. Thiourea, EtOH, reflux

R—(CHg)44Br > R—(CHp)y(SH

2. NaOH, H,0, reflux
= (O
S6

D =
(1) 9-(11-bromoundecyl)phenanthrene (S5)2] &4

0 C¢ N, th7] 3ol 9-bromophenanthrene (0.61 g, 3.43 mmol)9] HAZ JEHZ (10 mL) |H4S n-

butyllithium (1.17 mL, A & 2.5 M, 1.5 eq.)d ETFEL AL20)A4
dibromoundecane (1.83 g, 5.83 mmol)S =A] H7lela Z3ES
202 WZAA71a DM & Atololl A AT, FASS o

lm. SHEE hin, ST qdesin W) PISE PRN. 2 498 YW AmiEa
o (A P EA =9 0 DR AASE S55 26 @ TEE S5l

" ONMR (CDCls, 500 MHz, 25 C): & 8.75 (m, 1H, Ar); 8.65 (m, 1H, Ar); 8.10 (m, 1H, Ar); 7.82 (m, 1H,
Ar); 7.55-7.67 (m, 5H, Ar): 3.40 (t, 2H, J = 6.9 Hz); 3.11 (m, 2H): 1.79-1.88 (m, 4H): 1.29-1.51 (m,
141, aliphatic chain).

“C MR (CDCly, 500 MHz, 25 ©):& 136.99, 131.97, 131.36, 130.71, 129.61, 128.00, 126.56, 126.44,
126.05, 125.94, 125.83, 124.49, 123.21. 122.43, 34.05. 33.50, 32.85, 30.26, 29.85. 29.58. 29.55,
29.53. 29.42. 28.76. 28.18.

MS (ESI) m/z: [M+Na]+ calcd for CysllyBrNa: 433.1501; found: 433.1505.

(2) 11-(phenanthrene-9-yl)undecane-1-thiol (S6)2] ¥4

471 [‘?_%” 2ol wet

W o] W& 11-(phenanthrene-9-yl)undecane-1-thiol (S6)E FAdstRon, A7)
S49] g el whet g sl

_10_



[0090]

[0091]

[0092]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0102]

[0103]

[0104]

[0105]

[0106]

[0108]

[0109]

[0110]

[0111]

ZIHSd 10-2019-0124381

I NIR (CDCl3, 500 MHz, 25 C): & 8.73 (m, 1H, Ar); 8.65 (d, 1H, J = 7.9 Hz, Ar); 8.10 (m, 1H, Ar);

7.82 (m, 1H, Ar); 7.55-7.67 (m, 5H, Ar); 3.11 (t, 2H); 2.51 (q, 2H, J = 7.4 Hz); 1.82 (dt, 2H, J =
15.4, 7.6 Hz); 1.60 (quin, 2H, J = 7.4 Hz); 1.28-1.51 (m, 14H, aliphatic chain).

13C NMR (CDCl;, 500 MHz, 25 C): & 137.00, 131.98, 131.37, 130.72, 129.61, 128.00, 126.55, 126.43,

126.05, 125.94, 125.82, 124.49, 123.20, 122.43, 34.05, 33.49, 30.26, 29.86, 29.60, 29.58, 29.55,
29.50, 29.06, 28.38, 24.66.

MS (ESI) m/z: [M+Na]+ calcd for CosHspSNa: 387.2117; found: 387.2119.

gtAd o] 3 : 11-(anthracen-9-yl)undecane-1-thiol (S8)<¢] A

A7) [HF22] 2] wWE GAE Esle] 2 @y o uwlE 11-(anthracen-9-yl)undecane-1-thiol (S8)< A&

=

(1) 9-(11-bromoundecyl)anthracene (S7)¢] A

71 92 2]o whek st om, A7) Shel A et ATt

1H NMR (CDCls, 500 MHz, 25 C): & 8.33 (s, 1H, Ar); 8.25 (d, 2H, J=9 Hz, Ar); 7.99 (d, 2H, J=8.4 Hz,

Ar); 7.48 (m, 4H, Ar); 3.60 (m, 2H); 3.41 (t, 2H, J=6.9 Hz); 1.83 (m, 4H); 1.58 (dt, 2H, J=15.2, 7.4
Hz); 1.30-1.44 (m, 14H, aliphatic chain).

“C MR (CDCly, 500 MHz, 25 C):& 135.49, 131.66, 129.53, 129.19, 125.46, 125.31, 124.77, 124.49,
34.05, 32.85, 31.41, 30.35, 29.61, 29.59, 29.53, 29.43, 28.76, 28.18, 28.10.

MS (ESI) m/z: [M+Na]+ calcd for CyHlyiBrNa: 433.1501; found: 433.1505.

(2) 11-(anthracen-9-y1l)undecane-1-thiol (S8)<] &4

A7) [We2] 210 wEl B o] & 11-(anthracen-9-y1)undecane-1-thiol (S8)E dAstgom, A7) S4
of gl uwhgl Agsislct.

1H NMR (CDCls, 500 MHz, 25 C): & 8.33 (s, 1H, Ar); 8.26 (d, 2H, J=9 Hz, Ar); 8.00 (d, 2H, J=8.2 Hz,

Ar); 7.48 (m, 4H, Ar); 3.60 (m ,2H); 2.52 (q, 2H, J=7.5 Hz); 1.81 (dt, 2H, J=5.8, 7.9 Hz); 1.59 (m,
4H); 1.29-1.42 (m, 12H, aliphatic chain).

13C NMR (CDCl;, 500 MHz, 25 ):& 135.51, 131.66, 129.53, 129.19, 125.46, 125.31, 124.77, 124.49,

34.06, 31.42, 30.36, 29.63, 29.60, 29.58, 29.51, 29.07, 28.38, 28.10, 24.67.

MS (ESI) m/z: [M+Na]+ calcd for CyHsiBrNa: 387.2117; found: 387.2117.

34 o) 4 @ 11-(naphthalen-2-y1)undecane-1-thiol (S10)¢] A

A7) [HkS2] 270 wE dAE Esle] E o] wlE 11-(naphthalen—-2-yl)undecane-1-thiol (S10)S 3433}

St
(1) 12-(11-bromoundecy!)naphthalene (S9)<¢] ¥4

71 [ 2]el wet gdskslom, 7] S5 e Adwel ukel st

_11_
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' NMR (CDCl;, 500 MHz, 25 C): & 7.75-7.81 (m, 3H, Ar); 7.61 (s, 1H, Ar); 7.39-7.47 (m, 2H, Ar); 7.33

(dd, 1H, J=8.4, 1.8 Hz, Ar); 3.40 (t, 2H, J=6.9 Hz); 2.76 (m, 2H); 1.84 (m, 2H); 1.70 (m, 2H); 1.27-
1.42 (m, 14H, aliphatic chain).

13C NMR (CDCl;, 500 MHz, 25 C):& 140.46, 133.64, 131.92, 127.72, 127.61, 127.47, 127.40, 126.29,

125.81, 124.99, 36.13, 34.10, 32.85, 31.39, 29.53, 29.43, 29.33, 28.77, 28.19.

(2) 11-(naphthalen-2-y1)undecane-1-thiol (S10)¢] A4

X710 [HrgAl 2]o) whel B owbgo] wE 11-(naphthalen—2-y1)undecane-1-thiol (S10)E gAstFon, A7)
S49] Aol wel g sklet.

1H NMR (CDCls, 500 MHz, 25 C): & 7.75-7.81 (m, 3H, Ar); 7.61 (s, 1H, Ar); 7.39-7.47 (m, 2H, Ar); 7.33
(dd, 1H, J=8.4Hz); 2.76 (m, 2H); 2.52 (q, 2H, J=7.5 Hz); 1.70 (quin, 20, J=7.5 Hz); 1.6 (quin, 2H,
J=7.4 Hz); 1.27-1.38 (m, 14H, aliphatic chain).

13C NMR (CDCls, 500 MHz, 25 C): & 140.48, 133.63, 131.92, 127.71, 127.60, 127.46, 127.40, 126.28,

125.81, 124.98, 36.13, 34.07, 31.39, 29.56, 29.53, 29.51, 29.34, 29.08, 28.39, 24.68.

MS (ESI) m/z: [M+Na]+ calcd for CyHsiBrNa: 337.1960; found: 337.1963.

34 o) 5 : 11-(benzolalpyren-6-y1)undecane-1-thiol (S14)¢] A

7] [Hk-g-2) 3]of wet E Wy wtE 11-(benzolalpyren—6-yl)undecane-1-thiol (S14)E A sFSIT).

(] e
O N-Bromosuccinimide 0
"O propylene carbonate, 100 °C, 30 min. ,‘O S11

Br

O 1. n-BuLi, THF, -78 °C O
"O 2. 1,11-Dibromoundecane, 0 °C "O

> C g
O o Thiourea, EtOH, reflux 0 S” "NH,
@ (f e

O i ®
O SJLNH2 NaOH, H,0, reflux, 1 h O SH
@ ‘O ore
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(1) 6-Bromobenzolalpyrene (S11)2] 3HA

propylene carbonate (20 mL) %¢] benzolalpyrene (1 g, 3.96 mmol)ol] N-Bromosuccinimide (0.64 g, 3 6
mmol)E AH7}eta, EIES 100 ColA] 30 B3F FA8t 2& 9o &S5 HIubstth. HAES DONe=R

st g SulE SEAIAY. = AAAES oMHECEZRE AEAINAA @ﬂ*ﬂ,mmﬁ-ﬂﬁﬁﬁSHi

% FEZ F538T.

1H NMR (CDCls, 500 MHz, 25 C): & 9.05 (m, 2H); 8.88 (m, 1H); 8.57 (d, 1H, J = 9.3 Hz); 8.34 (d, 1H, J

=9.2 Hz); 8.26 (d, 1H, J=7.6); 8.14 (d, 1H, J=7.2 Hz); 8.02 (m, 2H); 7.88 (m, 2H).

13C NMR (CDCl;, 500 MHz, 25 T):& 131.42, 131.04, 130.05, 129.75, 128.92, 128.84, 128.70, 127.99,
127.48, 127.36, 127.13, 126.51, 126.46, 126.39, 125.58, 124.59, 124.36, 123.16, 122.07, 121.58.

MS (ESI) m/z: [M] caled for ColyiBr: 330.0044; found: 330.0040.

(2) 6-(11-Bromoundecyl)benzolalpyrene (S512)¢] A

S12+= 7371 Shell dhal 71| @A dxtel wet fgdsialen, setes AASA G v @Al A
=

o ot
ol
R o

ol

}_

' NIR (CDCl3, 500 MHz, 25 C): & 9.11 (m, 1H, Ar); 9.05 (d, 1H, J = 9.3 Hz, Ar); 8.57 (m, 1H, Ar);

8.28 (m, 2H, Ar); 8.21 (d, 1H, J = 7.5 Hz, Ar); 8.06 (d, 1H, J = 6.9 Hz, Ar); 7.96 (m, 2H, Ar); 7.83
(m, 2H, Ar); 3.74 (m, 2H); 3.41 (t, 20, J = 6.9 Hz); 1.88 (m, 4H); 1.64 (dt, 20, J = 15.2, 7.5 Hz);
1.26-1.42 (m, 12H, aliphatic chain).

13C NMR (CDCl;, 500 MHz, 25 ):& 133.99, 131.60, 131.28, 129.82, 128.28, 127.79, 126.97, 126.77,

126.24, 126.07, 126.00, 125.62, 125.52, 125.50, 125.05, 124.62, 124.46, 123.90, 123.60, 122.19, 34.15,
32.86, 31.58, 30.39, 29.66, 29.57, 29.47, 28.79, 28.61, 28.20.

(3) 11-(Benzolalpyren-6-yl)undecane-1-thiol (S14)¢] &4

S5 S=717F A2E 50 L 52 vke Zek~3d), 20 mLe F5 EtOH £9 S12 (0.11 g, 0.23 mmol) % E &
$-ello} (0.034 g, 0.45 mmol)2] E3HES 24A17F F<F FFAAT. = AHNES 29 AZvtEady (DM —
DCM 5= 50 % MeOH (v / v))2 AA|gte] =53 thiouronium 9& 41 & F&EZ S5,

thiouronium < (0.054 g, 0.096 mmol)<] 20 mLe] F<= EtOH &N<

N FA171aL, NaOH (7 mg, 0.19 mmol)<] &
SNE A7) &l Hrbstar, 7] whE A4S N, o}oﬂ AR 5 a o

ANZEG. W EFES N, 3l A&
2 YA 72 DNe 2 FE8HTh. A f715S NaSo, Aol dxA7a AE sZARY. = AdES A
27t A ZyggentEagy] (A 0 @A F 10 6 DM (v / v), B 10 B B¢ wEgAPRowR S
272 AA S 33 % 82 S13S 5.

2 o

1H NMR (CDCls, 500 MHz, 25 C): & 9.11 (m, 1H, Ar); 9.05 (d, 1H, J = 9.2 Hz, Ar); 8.57 (m, 1H, Ar);
8.28 (m, 2H, Ar); 8.20 (d ,1H, J = 7.8 Hz); 8.06 (d, 1H, J = 6.9 Hz); 7.96 (m, 2H, Ar); 7.93 (m, 2H,
Ar); 3.74 (m, 2H); 2.52 (q, 2H, J = 7.4 Hz); 1.91 (dt, 2H, J = 15.7, 8 Hz); 1.63 (m, 4H); 1.29-1.47
(m, 12H, aliphatic chain).

13C NMR (CDCls, 500 MHz, 25 C): & 133.99. 131.60, 131.28, 129.82, 128.28, 127.79, 126.96, 126.75,

126.23, 126.07, 125.99, 125.62, 125.51, 125.49, 125.04, 124.62, 124.46, 123.89, 123.60, 122.17, 34.10,
31.59, 30.40, 29.68, 29.66, 29.63, 29.55, 29.10, 28.61, 28.41, 24.71.
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MS (ESI) m/z: [M+Na]+ caled for CsHsS: 461.2279; found: 461.2272.

AN - 7|2 dEXF (SA) ¥ Ag /SCHPYR//Gazog/EGaIn A% (Junction) 7-%F¢ A=

471 @ el et A

Z% S4, S6, S8, S10 ¥ S145 77t ik B (4 99.9 %) €Y (F % 3 m
W& wholete] Wi, gelg Wye ok 10 B FL NE & o

22X Z7IAHY. template-

18 i i . )
stripped silver (Ag ) (¥E+ gold, A HE 4% EFdoz g3 wEFH F5UE 25 §dd F

@ e a7l m=adA olfelgom, Swe AFd AFeA @ Fol,

‘) |
micromanipulatorZ ©] S F=HA SAL ¥ ASESSHA skar, SAMe] ARtE s H=

S A H 3, EGain A

A¥ 4
(1) 37 = 2 2 38 = AgTS/SCHPAH SAM (PAH=BP, PYR, ANT, PHE, NAP)ol w3t XPS ~#|E&lox 37| & 3
9] a)i= SAM] Cls ~FEH o], b) SAMS] S2p ~FEo|t),

wat, a17] [3% 1]0] Ag /SCLPAH SAMel thak XPS 4] 2 A&7b 24 A7= el

# 1
PAH Atomic ratio (Exp.) Atomic ratio (Calc.) Contact Angle (° )
BP 1.7 1.9 8 £ 1
PYR 1.6 1.5 93 + 3
ANT 1.3 1.3 84 £ 2
PHE 1.3 1.3 85 £ 1
NAP 0.9 0.9 91 £ 3

SANSl FRE X A AR BAW OPS)em EAsden], sdEge 77k seld B 0 g f2e) 24
g vkl (3] % 2), 871 & 39 Clsel e malgE AMERY] URRTHIA sp3sh sp2 Aol Mg
& Mt & ek A9 s i A A4 o sz el @ e Agsa, ol a2
SR sp2 Baol & ol sp3 TS Fo WZ AL Folth. Y] [E 1elA A & gl vl
#ol, SCLPAH (PYR)S] Cls ~AEZE ol & g (1.5)3} W5 ~ 1.6 94 & ngid.

)

371 = 39] b)olA] Aol tidh S2pe] ~HEYLS ~ 163.0 eV R ~ 161.8 eVellA] spin-orbit doubletS E.3A
om, ol Agell &t dojEe] EAE WEhl= S2p1/2 R S2p3/29 Adeshs Zlolrh. aka (01s)
T Abshmolu el 239 & WAk Wiy

i)
gt
it
m
m}o o

(2) &3, J=2 A4S B3] SA 54 3 A3 (7] [ 1] 2 7] = 4), BE Z47he] SAS H=
7y (0)2 87 = 524, M2 A FEIE #S YeElAE &9t}

(3) 7] % 59 a)E B el we SEE (PAIE wad] 2 L)l Suiel e logl(N)] @
2 el Aoly.

[o

loglr | 3l=E1solm | b= ald loglJl-V 4L S|EW &2

_14_
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37] [% 2= Ag /SCPAH//Gas0s/EGaln 8% (junction)ol Wi+ 2712 =4 ZAstoltt (8-15 junctions and

336-630 J-V traces).

X2
PAH | Yield (%) |loglJ(+1.0V) |yean T O 1ogly] logl J(=1.0V) | nean = O 10g131 log| r=luean® O 1ogle-|
(Tog| J(+1.0V) | nedian) (1og) J(-1.0V) | nedian) (Ir- Imem— 0 r-1)
BP 100 -1.6 £ 0.3 -0.2 £ 0.6 + 0.3
(-1.7) (-0.1) (46.3 + 1.9)
PYR 100 -2.6 £ 0.2 -0.4 £ 0.2 2.2 £ 0.3
(-2.5) (-0.5) (148.0 £ 2.0)
ANT 100 -1.6 £ 0.4 -1.9 £ 0.3 -0.4 £ 0.2
(-1.7) (-2.1) (0.4 £ 1.6)
PHE 88 -2.0 £ 0.3 -2.5 £ 0.6 -0.3 £ 0.2
(-1.9) (-2.3) (0.5 £ 1.6)
NAP 88 -1.8 £ 0.5 -1.6 £ 0.6 -0.2 £ 0.2
(-1.7) (-1.9) (0.7 £ 1.6)

&7] &= 5ellA His ukel o], Wzydd (BP-), vdld (PYR-) ek

n-GZHE| S o] B Jol A gt B
4 4% dehE e, duENY (PHE-), EZAY (WT-) 2 =g (

g (NAP-) ot - I7lE]&go

471 [E 2] YeEpd A

ol
>
fm
H
i)
lo
frt
e
o
ot

g, T3

)
B
HN
=)
e

e FZE3)aL, o]
SCuPYRO &t r o B (17 lpem = ~ 148)2 Z24gE (11 lyeion = ~ 145) 3 EW3] FHEA 3, AF 5

27

rir

=
A5

il

AH Fo4E ROAZT. SCBP EE (15 e = ~ 46)9) AFUE LhebdT, oo wto] o}

2 WA @R (U7 lpen = ~ 0.4-0.7). r ¥& AR 1.6-2.0 HSIAch.

tlo

(4) BGalnol Al £5% Ga07h 4.8 Vel WEAL 2 n & WAyl WEe] SCPIRS Aol F8% 4
drka b @ 4 9o, Sl p-erdel f7] W71Ek s, PR // GaOy A% - AWS pn WET
A 4 glel AR Qo & e,

ES
o]E #3}7| 98} CP-AFM (conducting probe atomic force microscopy)S AF&3}o] Gas0s/EGaln A4 A=

—

cantillever

2 au MG E DASD (7] 69 a), Ag'/SCuPYR//Au A Gunetion) |49 -V tracest r <]
JrETRE welEt (7] & 69 b).

Gax0s/EGaln A Aoz A= g He ite] SCPYR Exbo] 713kth= AL ou|dity. CP-AFM A~
oA AFeol Wit ZAlS EGaln ® CP-ARM Alx®lol] thell 2z A7] Hx]-viet 2 Ad A
EGaln Alz®le]l SA3 widlE yepdct. A=, Ga0:/EGaln7} WH=ANThE FH502 28

| o3l ABdE AAA S mpolojx o]E: Aol HIts T sE=
HYy AFE Z2A3G. 2 2o wE FxoAN, HA pdztELHolEe T AmA I7|E w5l
FH oA energy wello] WAISFIL, o] energy wello] Wit} =4 9] wlojo]j 7} oyl gk =4 9] npooj oA A
F9o #H=2Zv 9 (Fermi level, )¢ A3t & & Aokd, 32 AR7E + At

— 1 ES —
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SCuFcE AREE o] A7 ALA J-V 54& T3 APHezolE Tyt SAM // Ga0; Wre| =2
(van der Waals) Al™olA Fcel HOMO (Fow = ~ 5.0 eV, 0 VollA) ¢} Ga03/EGalne] K (0 VoA ~ 4.3 eV) Alo]
of oA Aje |J (+ 1.0 V)I7F ebd, |J (- 1.0 V& F7M7IAR, o= Y™ (tunneling) &2 FA o
= dAstd £ (hopping)s Fote], 2= & AFE =

2 a2 A4S Fst] fste AR Z2H 2Ho|ddx APS Fst
Torr)ol A Al DS ARESe] 25 W5al 7P &5 (98-298 K)ollA J-V A
T @D, J V) oand r 2 2= 9ol whel A4 WEkA S (8] = 7

a H
_&L_l‘
iy
¥
M
e
-
=
s
=

Al ®BE upe} o] PYR- 9 Fe- 7%k A3 72+ 27 ¥k 5] PYR o) Fegl A8
IE FRAoR T = EFsta, SCiPYRO] #= HF+= 9 (hopping) E2AM|2~7F BAshA] gevie A

(7) thgom ¥ wEelA SGPR AR 54 woh BEsl wely] sistel wek P 0FS Delstel AWe

sk, 7] = 19 o)l B mpsp o] wlizvled (BP), #Hald (PYR), <tEZHIY (AND), HldEY
(PHE), Y™ (NAP)E vhFahAl W shA| Z ).

A AFA BA) A ARE FED S oA, ok 2 dgel Ao PAHE 44 RAES 24 go} of
e EEA e @ 4 sivh. panel AAleld Zolzk whalt A5l HOWO, LINO oA o) e
A7 =i, PSE olgste] 1 3t sttt

3l7] %= 82 Ga0s/EGaln®] £k PAHO] By (ZAFAESIUA, HOMO T LUNO) dlvA] Aol (£ - Eyp)E BoFE
Ao 2A, HAbH o R LIMOZF okl HOMOZF Eoll +Adel AL E-Fwel kol ~ 1.9 eV By Zopx]7] doj= A
F7h WASkH] onm, of Ay gl Wy HMO +517F T83s <vlgt

471NN AR eksh gol, B owde] mbE oif BEH Uskes PADE Tuel 2t FFEL o§F A
Y BEAY (SIS T ohHA AT As-E UL o Hold 4F 54 A, 53 A9
S wue] 2t p-gEgelE SitEel HYY ARE 2/ ARATE A% O & den, 53 Afol
A Aok 71 AL/ Wkl e Aol r b ~lagelw, WxTAUAE 2 APelE b - 460]th
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