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Self-Assembled Polythiophene Monolayer on 
Gold Surface 

CHONG KYU SHINa, HOOSUNG LEEa, CHANGSOO JUNGb, 
DOSEOK KIMb and BUM KU RHEEb 

aDe artment of Chemistry, Sogang University, Seoul, 121-742, Korea and 
‘Department of Physics, Sogang University, Seoul, 121-742, Korea 

Poly(3-dodecylthiophene) monolayer was self-assembled on the gold surface by immersion 
of gold substrate into the solution of polythiophene. The peak of the photoluminescence (PL) 
spectra of the monolayer sample was redshifted compared to those of a bulk polythiophene. 
By exciting the sample with linearly-polarized light incident obliquely to the sample, strong 
anisotropy in the fluorescence intensity was observed as the polarization direction of the 
pump beam was rotated. From this result, the tilt angle of the thiophene ring with respect to 
the surface normal of the gold substrate was measured. 

INTRODUCTION 

Since i t  was discovered that di-n-alkyl disulfides from solution adsorbed on 
gold surface and formed a monomolecular layer [ I ] .  the field of self-assembled 

monolayers (SAMs) has grown very rapidly and many different kinds o f  self- 
assembled systems have been found and investigated [2]. Especially, organic 

compounds containing sulfur are known to have a strong affinity to transition 

metal surfaces. To name just a few, the compounds known to form monolayers 
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include alkyl sulfides and alkyl disulfides [1,2], thiophene oligomers [3], and 
thiophenols [4]. In this paper, we investigated the characteristics of self- 
assembled monolayer of ply-alkylthiophene on gold surface. Polythiophene is 
a well-known conducting polymer and has been investigated extensively for 
the potential applications to electronics such as polymer batteries and 
electrodes [S]. Recently, the self-assembly of poly(3-octylthiophene) on gold 
surface was first reported and some of its material properties were studied [6]. 
Here, we investigated the conformational information about the film from its 
photoluminescence properties. 

EXPERIMETAL 

Thin films of gold (100 nm) were prepared by thermal evaporation of gold 
onto glass substrate coated with indium tin oxide at pressures of less than l o s  
Tom. The synthesis and polymerization of poly(3dodecylthiophene) was 
described elsewhere [7]. The polythiophene was dissolved in the solvents of 
dry-distilled chloroform, tetrahydrofuran, pxylene, or toluene. Then the gold 
plate was immersed into these solutions of polythiophene (10 mM) for 24 
hours at room temperature, followed by rinsing several times with fresh 
solvent and drying in a stream of nitrogen. Since repoated rinsing with the 
solvents above did not wash away the polymer, it was concluded the 
polythiophene was chemisorbed on gold in the form of a monolayer. 

FIGURE 1 PL spectra of SAM and spincast polythiophene. 
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FIGURE 2 

(b) picture of polythiophene SAM on gold substrate. 
(a) PL intensity at the peak vs. input beam polarization. 

RESULTS AND DISCUSSION 

Figure 1 shows the PL spectrum of the SAM and bulk polythiophene with 
excitation wavelength at 477 nm. Compared with the PL spectrum of the bulk 
(thick film) polythiophene shown as a comparison, the peak of SAM is 
redshifted by about -60 nm. The shift of the PL spectrum between two samples 
of same chemical composition should be interpreted as the structural change of 
the polymer towards a longer conjugation length along the chain [7], so the 
chains of polythiophene in SAM are believed to be more relaxed. 

Next PL was measured by illuminating the film with an incidence 
angle p20"  and rotating the polarization direction with respect to the 
incidence plane. The observed PL as shown in Fig. 2(a) is strongly anisotropic. 
We attempted to relate this result with the orientation of polythiophene on gold 
surface. The azimuthal orientation of the adsorbed molecules on gold substrate 
should be isotropic, however, the molecures will energetically prefer some 
polar orientation. By assuming the 6-function distribution for 8, the ratio of the 
amount of absorption by s- and p-polarid pump beam is 
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where L, and L, are proportional to the square of total electric field at the 
surface. rp and r, are the Fresnel factors of air-gold interface with an incidence, 
and p and 0 are as shown in Fig. 2(b). By fitting the data with the above 
equation, we were able to determine the tilt-angle to be about 23 degrees. For 
this analysis. we assumed the PL intensity of the sample is isotropic 
irrespective of the polarization of illuminating light, although fluorescence 
from anisotropically oriented molecules might not be uniform for all solid 
angles. Also, it should be reminded that small change in the refractive index of 
the gold substrate could yield quite different values for tilt-angle. More 
accurate method to determine the orientation of monolayer is being 
investigated. 
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