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Characterization and Electronic Properties 
-of TTF SAMs on Au (111) 

RYOTA YUGE'. AKIKA MIYAZAKI' ,  TOSHIAKI ENOKI', 
ElSUKE lTO', FUMIO NAKAMURA' and MASAHIKO HhRA2 

'Depar~nwnt  of Chemirtry, I oh c'o In\titute o j  Technologv, Ookaycmia 2-12-1, 
Mcquro-Xu Tnkj 0 152-8551. .luputz und 'Fiontrer Research SJ stem, 

RlKEN l T h t  Inrtifute of Phjsiccrl arid Chetmcol R e w i n h ) ,  2-1, H i r o w n r i .  
WaXo-chi, Yaitamu 351-0198. J a p n  

Self-assembled monolayer of mesoscopic size with Tetrathiafuluvalene 
(?TF) skeleton has attracted because it is expected to have quantum size 
effect for perpendicular to the substrate as well as two-dimensional 71 
-electron interaction. Surface lasmon resonance SPR j revealed that 

concentration. The presence of etch pits which is characteristic to 
chemisorbed SAMs was confirmed by scannin5tunneling microsco y 
(STM). From those SPR and STM results, it has een suggested that tge 
molecular lon axis of.TTF-CH$H was aligned near1 perpendicular to 
the substrate. %I addition, cyclic voltammogram (CJ)  result inhcates 
that TTF-thiolate SAMs on gold electrode are stable in repeated scans. 

TTF-CHzSH monolayer is &med on Au .(I1 i only at .proper 

Keywords: Self-assembled monolayer; TIF derivative; Surface plasmon 
resonance; Scanning tunneling mcroscopy 

INTRODUCTION 

Recently, self-assembled monolayers (SAMs) of alkanethiol molecules 
and their derivatives have attracted considerable attention as methods 
easily constructed on closely packed two-dimensional structure on metal 
surface. The structures of alkanethiol S A M s  have been widely studied 
using several analytical methods such as STM [I-31. In contrast to a 
large amount of reports on alkanethiol S A M s ,  X -electron system such 
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* ‘ 1 ilb*,filate is not well investigated yet. In this study, we investigate 
I ,  ‘ 1  1 3  trrimtion and electronic properties of S A M  whose molecuies 
!tile I )  shown in FIGURE 1. 

‘ I 

FIGURE 1. The molecular structure of TW-CH2SH 

U t - .  p ~ t y ~ i i ~ d  the gold substrate with the surface of (111) orientation by 
ii ui im evaporation on mica. Immediately after preparation of Au 

- i j t ? \ t i * t t c t>  they were immersed in various solutions of ‘ITF-CH2SH 
% I t c  1 2 4  h immersion, the samples were removed from the solution, 
i i i w t l  ~ t r i t h  pure colvent, and dried by NZ gas. In order to investigate 
it 1)t rrtiriicr: of film thickness and adsorption lunetics on concentration5 

I I ) ,  SPR was introduced at room temperature Topology of the 
111. ‘ 6 4  observed in detail by STM CV wa5 carried out for 
! I 1 iicile SAMs on gold electrode 

HI!,S! 11 .I  S AND DISCUSSION 

I b jM i~riage of TTF-SAMs on Au (1 11 1 
1 I ( ; [  IRh. 2 shows an STM image after adsorption of TTF-CH2SH on Au 

j l i l t .  image was recorded in the constant current mode, using a 

?)l:‘ige of +500 mV positive and a tunneling current o f  300pA. 
r ~ t  ancy island\ (i.e., “etch pits”) are clearly vi5ible on the surface 

~ t f w  depth of etch pits i \  about 2.511,. It I \  characteristic t o  

1 1 ’  i r u  bt-d SAMs on reconstructed gold ( 1  11 ) [4] I Iowever unlike the 

the general alkanethiol S A M s .  their shapes are not  uniform. 

< 
‘ 1  

1 , \ I *  
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T1 F SAMS O N  AU ( I  11)  21s 

In this case, it is thought that 
two-dimensional arrangements of 
TI?: molecules are not well 
ordered on Au substrate probably 
due to the methyl pairs that 
provides freedom for the molecular 
direction. 

2. Adsorption Drocess bv SPR 
Formation process of TI'F-SAM 
structure was confirmed by in-situ 

FIGURE 2. STM image of a 
300 nmx300 nm section of 

substrate. 
SPR measurements in various 
organic solvents and concentrations. FIGURE! 3 shows kinetics curves 
for adsorption of TTF-SAMs in different conditions using ethanol 
solvent. In this case we obtained different dependence on the several 
concentrations. It was proven that 0.1 mM solution of TIF-CH2SH was 
optimum also in the case of ethanol, chloroform and acetonitrile in SPR 
measurements. In such SPR studies, it is revealed that the TlT molecule 
is perpendicularly aligned to the substrate from the film thickness 
calculation. In addition, the increase in the film thickness was confirmed 
by SPR experiment in 1 mM ethanol solution. The intermolecular 
interaction through four 0 4 2  

sulfur atoms become 040 

dominant when S A M s  are O ~ s  

formed in poor solvent. It $. 0 3 6  

is considered that the ; 0 3 4  

aggregation is easily 5 0 3 2  

preceded for 'ITF-CHzSH. 0 10 

On the other hand, kinetic 0 

curve showed low Time I Sec. 

saturation of film FIGURE 3. Adsorption kinetics of SPR 
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I 1  

thickness. 'h i s  indicates that it is not sufficiently self-assembled on the 
substrate. Therefore, It is expected that solvent dependence and the 

concentrations are important factor for such 7c -electron S A M s .  

3. Electronic properties on CV measurement 
CV measurements werc carried out for studying the electronic 
properties in detail. It was revealed that 7 T F - S A M s  were 
electrochemically very stable on Au (1 1 1 )  electrode because redox 
response didn't change in repeated scans over the 0 to +1.0 V range. 
Further we observed that redox peaks are broad. In this case, it i \  

thought that the overlap of the wave function in the lateral direction of 
'TTF SAM ha\ been disturbed. 

CONCLUSION 

We succeeded in the preparation of the new monolayer by the TTF 
molecules with the functionality arranged to two-dimensional. It is 
expected to have strong interaction for the metal substrate since the 
methyl chain between functional molecule and SUbStrdte is Short. From 
these studics, Wide application for a molecule device of such ?T 

-electron S A M s  will be considered with the mesoscopic effect. 
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