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A Study on the Current-voltage Properties of Dipyridinium Molecule
using Scanning Tunneling Microscopy

la

L

1 = 1 2
ol NER, YT AYs

(Nam-Suk Lee', Hoon-Kyu Shin', Jeong-Soo Chang®, and Young-Soo Kwon'?)

Abstract

In this study, electrical properties of self-assembled dipyridinium dithioacetate molecule onto the
Au(111) substrate is observed using Scanning Tunneling Microscopy(STM) by vertical structure of
STM probe. At first, the Au(l11l) substrate is cleaned by piranha solution(H:SOsH»0, = 3:1).
Subsequently, 1 mM/ml of dipyridinium dithioacetate molecule is self-assembled onto the Au(111)
surface. Using STM, the images of dipyridinium dithioacetate molecule which is sclf-assembled onto
the Au(l1ll) substrate, can be obscrved. In addition, the electrical properties(I-V) of dipyridinium
dithicacetate can also be examined by using Scanning Tunneling Spectroscopy(STS). From the results
of the measurement of the current-voltage(I-V), the property of Negative Differential Resistance(NDR)
that shows the decreases of current according to the increases of voltage is observed. We found the
NDR voltage of the dipyridinium dithioacctate is ~1.42 Vinegative region) and 1.30 V(positive region),

respectively.
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LM = Sk @ SR A ntek st} P 4
?Ml Fow 4yl dxm, 1 FFel doj wi$ o

Feh AaARA FedE Ha o), B 4
AzA, AR BEA /%) HEAQ v1E TbeA
o8 T At 3w AdH2 gkl
- v

Bzp sztels g 19749 Aviram® Ratner
9] D(electron donor)-(barrier)-Al(electron accepto
D g9} fARATE vk wheA Ax 2xke] 8

2l p-n junctionX @ thel 2r:(diode)2 AEE

) ) g Hel B g WARIES e nAd
Fogrhs Adkel A AlASATHIL EAk aahe Hlo] axs WEa Azea Foh ueld RS
e o) EAE R dnie clgRE gy egw 4t aem A RO oo
o =ElL ZTSA Ul A AR WA G ojge ameln wAm QA ststel 2 )
< FAEAEY 389 Fx2E AAsta §4E Lo wE A= W o] 0* Sa ook ool gjs
= . =] 1o - =1 [a} rid i
eRA GEE Ve Felsi zdahs Al 9] Reed ZHNAME 49 break junction 7]%&
o] &3}o] self-assembly(A7] 2 &) Waloz Az
1. Sottism M7IEent H o3 E Ae) fF71ER Aol WHEE
(FLAL AbBE 3*? 2& 840) 24 & # e AE B FAUHI) =@
o, Aodgstm Mo|Zstn) 209 Ywxo] 2t A%e ol4ste]l 2]z
a. Corresponding Author @ yskwon@dau.ac.kr o s o s = o o -
Jé_/,\_oqu 2004. 12. 8 dl o FAR R AT ) 45 g 0}»\}\]’} i
AALREE : 2005. 5. 23 8] nitroamine redox center’t £ nitro-amine

622



71%-#boll 1 NDRI4]Z dW s 2914
Aot ohb]. EoltHe® Molecular Devices Lab
1101}/‘15 Aspurel ol & ol gate] yre Eo
& "E3, o7l f7IEAE AV1E ekl Metal-
InsulatorfMeta (MIM) 79 &4 AxE g,
F71EAe] W71 54E F3s A6l

v oAM= vr7]f49] A =4
a7 98 Juw-zo T vUw pe

, STMI7]E ol &3te] STM &4,
Au(lll) 71 #AE s ol &
wjdo] 7hg g ZP/]i%"% o] &3te]
ULTO‘[g‘l()] g, 1 Yol STM g3 &
J—_”ﬂ STM ¥3, 2k, Au(11l) 713
5 TE F ASdTh ¥xtelyEh STSN0]
] gto] #7148 X}"] A714 54& FA5A

HE=

Ye f7] SR

=¥

o
=

e

o
&2 o

3} A

g
ct.

ot

pRARLN

4,

r AE

NN
=

ot

o & o
o N0 N oo

b
o 24

o

7] &

\j,

RS

2. 4

it

2.1 RIIE%
B Ao ALEE Algs a3 3kEd Aol A
A3 7] BAE, thicacetyl #4712 74 x
o A7tz gol 7Hs&vl Thioa

ol Au(l11l) % S
cetyl 2871 @7]-& A4 (NH4OH) FolAl thioacety

4712 wEEE, Awlll) 1@y A
(chemical bond)e.2 7] @i ATE d4d
=3

a8 12 Age] Abg3 Ajmz 4-{4[4-4-

{1-[4-(4-acctylsulfanyl-phenylethyny!)-phenyl]-2,
6-diphenyl-pyridinium-4-yl}-pheynyl)-2,6-diphen
yl-pyridinium~-1-yl]-phenylethynyl}-phenylthioace
tate(©] 8} dipyridinium dithioacctatc)®] 38z -
JERI A

Z 2
=y

% 1. Dipyridinium dithioacetate®] 3}8t4 3.
Fig. 1. Chemical structure of dipyridinium
dithioacetate.

623

A7l AR A 288 =82, 4l18d A7E, 20053 7¥
22 7| cHEXet H =

WA piranha solution(HsSO4H ‘>O»:3'1)% o] &

stel AulllD) 719& dxe sadch F, AulllD
71%h& piranha & A6l S¥ Fb it ﬁr 2

275 (DI water)ol AHsgeoy, dartrsg A

ZstaArt

A Au(l1l) 7192 dipyridinium dithio-
acetate 1 mM/ml Fxol %A tetrahydrofur
an(THF)& 4] g3+ v, "FHZ(15~25
mmHg) = £& 445 AAs S, Aavte E947]
stoll Al wkgg ] <ol m#Eolrh HFHom

NH,OHE THF& o] 2afg
Thekel D4A1 7t WS AA A
sl

dipyridinium dithio-
acetate | mg® 5 pl A

2N §7) aRApte

Au(111)Substrate

<>

L M
assembled
molecules

Tmaging : STM mode

Dipyridinium 1 mAM/ml

-,
§/ STM
T I . b
Clarir L e
@) i~ . SAMs
IV measurement : STS ()r” )
AuCTT 1 ysubstrate
Q. =]
a8 2. §7] @EAE Az STM #4 245,

Fig. 2. Fabrication of organic monolayer and
STM analysis.

#71 G Aol

[=]
sted wrel FAE %“é‘%&i%ﬂ ch e oA
& AAF gl 1y 2 H7] A A
%3t STM ¥4 24w o}

2.3 STMZ4
F7) @R el Wy
Ao uA AR Axd F sm 4

Oﬂ *}%OP

Atk A7IZEE /7] dEAbge] FAE Au(11l)
71Ee FERE SI/SI0Y/Cr/Au(lll)/SAMs  film @)
Tx2E 7FA31 9tk Self-assembled mono-
layers(SAMs)9]  ojvlx] @@y A7)x 54
STM(DI Instrument Multimode V)& Apgsle]

ol A AYEH A ow P/Ir(CA3LT) BAS A
£t 600 mVE Al o] positive bias¥E o




J. of KIEEME(in Korean), Vol. 18, No. 7, July 2005.

FAF7E 200 pAgl  FFeA dAAFEE
(constant current mode)Z %4 (scanning)e] ©} 5
ot BHe AGGHE oty Y AER
HS waEy] oA highly ordered pyrolytic
graphite(HOPG : 10 nm x 10 nm) ¥WgS WHH
gastel & wldso] e 59 dEA ZWE
dolgto e walo] AANEHE Qﬂé}?}u}.

4 FAE Agstel f7] aRae of

b k=3 =
MAE P dols gold ARgHe] B3 9%
A - BRIV) 54 serselnh ae-4
FAV) Z4gel AH4e wolr] el 2 A
oF_

go ik AG-HAF(-V) EAL STMDI Instru-
ment Ma)s o] &3} KV\] gl &t st

2 o0E MY gde AbgEtn A
g ol 3070 ol -"r]iloﬂ*i Tgdor
G-AFI-V)E FHE 5% ° =3
¢itt. Dipyridinium dithioacctate F71 %42 #7]
A 5 B gRH AFAbold QIZbE = HY
o] -2 VoA +2 V& ®igts WA Fatx]o] e
v ARE BYHY Foma ofFof Al

=

ST

3.1 STM olo|x|

AN 2HY f7] SR P e

¢

ol
oL
il

s o 0 2
Al AL EHE o)kl 2o FAE SHd
pen, 19 3@l 54 @ mASde AT
A2 72} bare FElel Au(lll) 719, A7
# Rl SRR Detal 4), Psi(#)&FH o,
ghel zpolzb A7 =¥ e 5 l 1 o e 243
TAZE 3219 Al 2 Au(lll) Zd¥el f7] @At
ool FAHE AE #UE ‘il‘ii‘ﬂr. 2% 3
bare efe] Au(lll) 7jhe] FWE ##F STM

I =

ojul Aot} Bare JE1e] Au(lll) EWE
o2 A7EgH #7] dEx EZW ojr A9
3t e 4 vk 19 3(e), (e Au(llD
Woll dipyridinium dithioacetate® 1 mM/ml &%
2 1}7]3‘—%]3}04 Z+ZF 250 nm, 85 nm, scan size
oA STMCO. ;2 a3k ojujx|o|c}

18 3(b)¥ root mean square(RMS) rough-
nesszto]l 1.066 nm, 1% 3(c)¥> RMS roughness
Zrol 1.224 nm, 18 3(d)3> RMS roughnessdtol
1.202 nm= roughness #9 W37 9gsloey, o
¥ OSAMs7E 4R AE uEda. 5 Avxzdst
7] e Au(llD #F¥E wfg- gw § S of

Atk Wk 1 mM/ml FER A7) E2EE Aullll)

pHe B

E

et
o

624

Psi

Fig. 3.

130

= 1o

ejeq

- oo

A71ZHE F7] wHEATe] o d v E
=74 2(a) bare’dEle]l  Au(11l) #W
STM o]n A (b) =71 Z#" ¥ dipyridinium
dithioacetate®] STM ©o]v]#] @ 250 nm
X 250 nm (¢) 8 nm X &5 nm(d).

Ellipsometer measurement value of
SAMs (a) STM image of Au(111)
surface(b) STM image of SAMs @ 250

nm X 250 nm(c) 8 nm X 85 nm(d).



7o) FwWoli= n A% particleo] Hol= ZS &
Ql & & vk ol Au(lll) 713 FWAl dipyri-
dinium dithioacetate”} 7] ZHale] F7] @EA
o] FAHE AL ofug[12].

STS & 0]%5}04 dipyridinium dithioacctate )
/(]?J— AE(-V)EA LS %J%_,‘ A 1) = 7_;1 48} #
=3 Scan size 400 nm x 400 nmiz STM o]n|#]
7 Ao ol & st A F, shube Ed)
g Hddztel 20 nm7AhA Fdisty FA s
Scan size 20 nmoll4 STM B3 el X&E 1243}
o STM &%, #7158, Aull) 7]e] F44
2R AY-JARI-VY 54& 249G o=
STM7I¥e] Ave 5408 74 AH4A point
spectroscopy 7t 7 skuk

a8 dle)s /F71EAE 27|27l d, bare
Fefell Al Auill) 7189 AY-HAFUA-V) 540
th o dglel F7bgol webAd AR d¥gHeR F
zheh 4= 9l Wk dipvridinium 7]
z3 39 W 17 daolA AR d
ghofl Wl A7t Z}i &= NDR 54 o]
-142 V, 1.30 Vel Al Zzb spzbsdet ol aF
4 (el EAI" BAAH{ dI/dV ghol
ol At AAEY, ole} T Y& l‘?-*é“l%'f
7] 8H(negative differential resistance) SAjolel
2y, o2 A7 Zo] vl 4 Udr(13]

F\

Ol

_Vy=Vp
|RNDR|_ I—1, (1)
1
PVCRzifi )
14

A7) M Rvpps FA0EASE ovsta Vi
;;5] 7\1 3| zq ol V= _JE] 44 xq oL L= 1\] q A oz B

u rh

aT,
I A3 AF5e el PVCRE Hargz
A He] A5l (peak to valley current ratio)o] th
[13].

£ =Rl A NDR 494 HddA57F et
= d9tES NDR #Adtelgtar Aosialet. Aol
olsf dipyridinium dithioacetate®] NDR #H &
Rkl A 142 V, A0 A 130 Valrh
AoE A1), @QREEH FgEdA Rvpe 574
7} 1645 M@/cm” %3, PVCRS 1191 ol A

625

A7) 27 ) 288 = 2 A,

1.0 T

AN18A A7%E, 2005 79

STM tip
molecyle N
0.5 - PEEBORESD
Prype-sr | D

Current I[nA]

- 0
Bias Voltage V[V]

(b)

4+ "
3
S
> 2T
3 M on
=
= A/—/\/\/\

0 \/ V

\\-/\ /\\_ !
NDR NDR
2 . .
) -1 [} 1 2
Bias Voltage V[V]
100 . T
Z %} (©
=
=
2 0
@
-
i)
=
© sl g
100 L

1 0
Bias Voltage V[V]

a3 4. Dipyridinium dithioacetate®] HAY-HH
(I-V) &4(a) dI/dV =4 (b) Au(111) 7]
el Ad-AFI-V) B4 ().

Fig. 4. Current-voltage(I-V) property of dipyridi—
nium dithioacetate(a) dI/dV  curve(b)
current-voltage(I-V) property of Au(111)

substrate(c).

(A Ryvor FHE

-545 M/cm® QI3

PVCRL 164 @ 1 <314l



J. of KIEEME(in Korean), Vol. 18, No. 7, July 2005.

B Ao M= dipyridinium dithioacetate 22+
& Au(lll) ¥ ArlzdEste 7] dEAE
P, STM &3-f7] d8AT-Aulll) 713
o FATxE Feho] STM 54 A 2=dg o] &3t
1A BEAS 243 P CANZREE /7] O F
Zpate] A2 ddade e STM ovA &4&
el gl a X}J]E%’% w71 SEAE ] o]
vzl WeEs Q3 a, Au(lll) el parti-
clee] 43 RMS roughness W32 SAMse &

He BT & Aotk BF STSE FAH A7)
@ AG-AR(-V) 25004
Agre] 7hgel wel

b}
Al UASE NDR R4S BEARG,

o]#igk NDR @742 429 biasE F7HA7
wel F A Fd EAlske dAxpEC] F7)
A HWA HMFET BH FeA Ha, 44
biasZtt o ZA HH FH oA FHol Us
Hzpe] 7t %01%71] Hol HF{E7L DAadte] A7)
= EAdoz AZEd(11,14]. wehA, o213 NDR
EAL A8 715 Aojd &, 2479
22 A (switching) ¥} =2 (logic)7FgAd oA a3
&S AT Ao Jgdc

2Atel 2

[1] A. Aviram and M. A. "Molecular
rectifiers”, Chem. Phys. Lett., Vol. 29, p. 277,
1974.

[2] M. A. Reed, J. Chen, A. M. Rawlett, D. W.
Price, and J. M. Tour,
access memory cell”, Appl. Phys. Lett.,
78, No. 23, p. 3735, 2001.

[3] M. A. Reed, C. Zhou, C. J. Muller, T. P.
Burgin, and J. M. Tour, "Conductance of a

Science, Vol. 278, p. 252,

Ratner,

"Molecular random
Vol.

Molecular Junction”,
1997.

626

(4] J. Chen, W. Wang, M. A. Reed, A. M.
Rawlett, D. W. Price, and J. M. Tour,
"Room-temperature negative differential resis—
tance in nanoscale molecular junctions”,
Appl. Phys. Lett., Vol. 77, p. 1224, 2000.

[5] J. Chen, M. A. Reed, A. M. Rawlett, and J.
M. Tour,
differential resistance in a molecular electro-
nic device”, Science, Vol. 286, p. 1550, 1999.

6] C. G. Lee, Y. K. Kang, K. H. Lee, S. R.
Kim, D.-J. Won, ]J. S. Noh, H. K. Shin, C.
K. Song, Y. S. Kwon, H-M. So, and J. H.

Kim, "Molecular wires and gold nanoparticles

"Large on-off ratios and negative

as molewares for the molecular scale elec—

tronics”, Current Applied Physics, Vol. 2, p.
39, 2002.

[7]1 G. Binnig, H. Rohrer,
Weibel,
microscopy”, Phys. Rev. Lett., Vol. 49, p. 57,
1982.

[8] C. Yee, G. Kataby, A. Ulman, T. Prozorov,
H. White, a. King, M. Rafailovich, J. sokolov,
and A. Gedanken,

layers

Ch. Gerber, and E.

"Surface studies by scanning tunneling

"Self-assembled mono—

of alkanesulfonic and -phosphonic
acids on amorphous iron oxide nanoparticles”,
Langmuir, Vol. 15, No. 21, p. 7111, 1999.

9] A. Ulman,
assembled monolayers”,
No. 4, p. 1533, 1996.

[10] R. J. Hamers, R. M. Tromp, and J. E.

Demuth, "Surface electronic structure of Si

"Formation and structure of self-
Chem. Rev., Vol. 96,

(111)-(7%x7) resolved in real space”, Phys.
Rev. Lett., Vol. 56, p. 1972, 1986.
[11] C. B. Gorman, R. L. Carroll, and R. R.

Fuierer, "Negative differential resistance in

patterned electroactive self-assembled mono-—

layers”, Langmuir, Vol. 17, No. 22, p. 6923,
2001.

[12]1 Y. S. Shon and T. R. Lee, "A stcady-state
kinetic model can be used to describe the

growth of self-assembled monolayers (SAMs)

on Gold”, J. Phys. Chem. B, Vol. 104, No. 34,

p. 8182, 2000.



ANARAN B s)w=EA], A1gd A7E, 20059 7Y

[13] S. U. Kim, H. K. Shin, and Y. S. Kwon, [14] J. P. Sun, G. 1. Haddad, P. Mazumder,
"Study on the negative  differential and J. N. Schulman, "Resonant tunneling
resistance  properties of  self-assembled diodes: models and properties”, Pro-
organic thin films by using STM”, Colloids ceedings of the IEEE, Vol. 86, No. 4, p.
and Surfaces A, Vol. 257-258, p. 211, 2005. 641, 1998.

627



