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ABSTRACT: Polymeriiable thiophene containing a thiol group, (3- 
thienylethy1)-1 1-mercaptoundecano, was deposited on a gold surface. The 
thiophene monomer formed a self-assembled monolayer (SAM). By X-ray 
photoelectron spectroscopy, the structure of the SAM was characterized. The 
molecules were adsorbed at the thiol group with end-on configuration. 

Kevwords: a self-assembled monolayer; thiols; polythiophene; 
X-ray photoelectron spectroscopy 

INTRODUCTION 

x-Conjugatcd polymers are very interesting materials of unique electrical and 
optical properties due to x-electrons delocaliied along their main chains. 
These polymers can transport carriers and can potentially be applied for 
molecular devices as "molecular wires''.1 For these applications, fine 
polymerization without defects in their primary structures and controlling the 
orientation of the polymers are required. Molecular beam epitaxy (MBE) and 
the Langmuir Blodgett (LB) technique have been investigated to obtain 
ordered structure. Thiol derivatives form self-assembled monolayers 
(SAM's) on a gold surface. Their structure and the mechanism of the 
formation of SAM's have been investigated by atomic force microscopy 
(AFM), scanning tunneling microscopy (STM), and X-ray photcelcctron 
spectroscopy (XPS). By oxidation, thiophenc is polymerized to n-conjugated 
polymer, polythiophene with 2,s-linkages. I t  is promising to form SAM's of 
polythiophene by using thiol derivatives with thiophene rings as monomers. 
Tolbert et al. electropolymerized a thlophene thiol.2 Nozoye et al. studied on 
the structure of a,o-bis(mercaptomethy1thiophene)alkane derivatives by 

I97 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 2
0:

14
 2

0 
A

ug
us

t 2
01

2 



I98 H.  OKAWA el al. 

STM.3 They observed two kinds of structures: one dmensional rows and a 
two dimensional honeycomb structure. As Whitesides et al. dd4, they also 
concluded that the molecules was adsorbed with end-on configuration in each 
structures. Gamier et al. fabricated SAM's of thiol-functionalized 
oligothiophenes on platinum e l e c t r ~ d e s . ~  They estimated the density of 
molecules by measuring charges for oxidation of the SAM's and proposed the 
structures of the SAM's. 

However, these thophene derivatives cannot be polymerized and 
cannot be applied to the molecular devices directly, because the derivatives 
have the substituents at the 3-positions of thiophene rings. Thus, in this 
study we synthesized a polymerizable thiophene monomer with a thiol group, 
and successfully fabricated an SAM. The structure of the SAM was 
characterized by XPS. 

EXPERIMENTAL 
Polycrystalline thin films of gold (300 nm) were prepared by thermal 
evaporation of gold on a glass substrate at the base pressure less than lom6 
Torr. As the thiophene monomer, a dithio derivative with a thiophene ring 
was synthesized by the coupling reaction of ll,ll'-dithiodiundecanoic acid 
and 3-thienylethanol using N, N'-dicyclohexyldicarbod~imide (DCC) as 
shown in SCHEME I. The obtained crude product was purified by column 
chromatography (eluent: toluene) and recrystallization from h e m e .  

no L S  LO" 
I 

DCC / THF 
0 

SCHEME I. Synthesis of the monomer. 

The thiophene monomer was dissolved in ethanol at a concentration of 
1 mmol. The gold substrate was exposed to the ethanol solution for 24 h. 
After the deposition of the SAM, the plates were rinsed with ethanol 
completely. As a reference, octadecanethiol (ODT) SAM was used. ODT 
purified by recrystallization was used. The characterization of the SAM was 
carried out by XPS (ESCALABB22Di). using a MgKa line. More than 50 
scans were averaged to increase the signal to noise (SIN) ratio. 
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RESULTS AND DISCUSSIONS 
FIGURE3 l(a) and (b) show the XPS spectra in the C i s  region for the 
SAM'S of ODT and the thiophene monomer, respectively. Both spectra have 
the main peak at around 287 eV and a shoulder at around 284 eV. Table I 
summarizes the positions and the intensity of the peaks. In the spectrum of 
the ODT SAM, the shoulder is assigned to the arbon atom attached to the 
thiol group and the main peak to other methylene and methyl carbons. In the 
monolayer of the thiophene monomer, the shoulder is stronger than that of the 
ODT spectrum. Usually, the peak position of the carbon attached to atoms 
with high clectronegativity is shifted to higher energy.6 In the spectrum 
thiophene monomer, the shoulder may include the signals of the -0CH2- and 
C=O groups. The main peak is attributed to the other methylene and 
thiophene ring carbons. 

binding energy lev 

FIGURE 2. The XPS spectra in the S2p region for the SAM'S of ODT (a) 
and the thiophene monomer (b). 
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FIGURE 1 .  The XPS spectra in the Cis  region for the SAM'S of ODT (a) 
and the thiophene monomer (b). 

TABLE I. The intensity of the peaks in the Cis  X P S  spectra. a) 

peak O m  Thiophene Monomer 

A 0.057 
(chemical shift) (284 eV) 

(chemical shift) (287 e v )  
B 1 .o 

0.095 
(284 eV) 

0.73 
(288 eV) 

a) Normalized by the intensity of the main peak for ODT. 
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As the monomer has two kinds of sulfur atoms, both atoms have 
possibility to be adsorbed on the gold surface. FIGURES 2 (a) and (b) show 
the XPS spectra in the S2p region for the ODT and hophene monomer 
SAM'S, respectively. The obtained results are summarized in Tables I1 and 
111. The spectrum of ODT has two peaks, S2 112 at 163.2 eV and S2p3/2 at 

TABLE 11. The intensity of the peaks in the S2p XPS spectrum for 0DT.a) 

161.9 eV, which are shifted to lower energy tK an those of the free thiophene. 

~~~ ~~~ 

peak chemical shift (eV) intensity attribution 

A 163.2 0.57 S2p112 

B 161.9 1.0 s2p3/2 

a) Normalized by the intensity of the peak B. 

TABLE Ill. The intensity of the peaks in the S2p XPS spectrum for the 
thiophene monome& 

Peak chemical shift (eV) intensity attribution 

A 165.0 0.78 s2p1/2 

B 163.7 1.62 s2p312 

C 162.6 0.50 s2p1/2 

D 161.4 1 .o s2p3/2 

a) Normalized by the intensity of the peak D. 

These values agree with the reported ones7 In the monomer spectrum for 
the thiol group, the peaks, S2~1/2 at 162.6 eV and S2@/2 at 161.4 eV, are 
also observed. The chemical shifts of these peaks are almost same as those of 
the ODT spectrum, suggesting that the thiol groups are attached to the gold 
surface in the monomer monolayer. The monomer spectrum has two other 
peaks, S2p1/2 at 165.0 eV and S2 12 at 163.7 eV, which is attributed to the 

than those of the peaks for th101 because of the escape depth of the 
photoelectron due to the presence of the monolayer structure. In other words, 

sulfur atom in the thiophene ring. ? he intensity of these signals are smaller 
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the sulfur atom of the thiol group is attached to the gold surface, while the 
sulfur of the thiophene is free at the opposite surface side. 

CONCLUSION 
We have synthesized a thiol terminated hophene and deposited on the gold 
surface. Comparison of the XPS spectra of the monolayer with that of an 
ODT SAM lead to conclusion that the hophene monomer was absorbed as a 
thiolate while the thiophene ring is located at the surface. However, the bulky 
thiophene rings and the flexible ester groups may prevent the monolayer from 
forming densely-packed structure, compared with the ODT SAM. 
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