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Abstract 

Densely covered (ET)X2 thin films can be selectively electrodeposited on gold electrodes. The insulating (ET)X2 films are converted to 
(ET)2X conductive films through a novel conproportionation reaction. Both ET and ET salt patterns can be prepared with the PDMS 
stamping technique with use of an ET derivative with a dodecanethiol chain for surface derivatization.  These solution procedures open up 
the possibility to prepare conductive and superconductive charge-transfer salt thin films as well as patterns.  
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1. Introduction 

Organic conductors and superconductors based on 
charge transfer salts such as (BEDT-TTF)2X have been 
studied extensively during the past twenty years, where 
BEDT-TTF or ET is bis(ethylenedithio)-tetrathiafulvalene.  
More than 360 ET salts have been reported including 
mono- and divalent anions, same anion but different 
stoichiometries (ETmXn), same stoichiometry but different 
crystal packing motifs (such as α, β, γ, phases etc.), and 
with or without co-crystallized solvent molecules.[1, 2]  
Many interesting physical phenomena have been observed 
such as solid-state to solid-state thermal transformation (α 
to β phase), pressure induced phase transformation (β  to 
β* phase), charge density wave, metal-to-insulator, 
antiferromagnetic,[3] spin-Peierls,[4] ferromagnetic,[5] 
and superconductive phase transitions, etc.  These 
temperature, pressure, and magnetic field induced phase 
transitions may lead to various sensor and electronic 
applications.  In order to shape these charge transfer salts 

for both fundamental studies and potential device 
application, the need for thin films and surface patterning 
is evident.   

2. Thin Film of (ET)2PF6 

To date, reported efforts to prepare charge transfer 
organic thin films include chemical/physical vapor 
deposition, reticulate polymer matrix technique, and 
Langmuir-Blodgett approach.  The first two methods work 
well only with volatile chemical species.  It is our interest 
to develop a general solution based procedure because 
most of the known ET salts were prepared from solution 
based electrocrystallization with non-volatile reagents.  
Our procedure to prepare ET based thin films involves two 
steps and the details have been described recently.[6]  The 
first step is to generate over-oxidized (ET)2+ salts with use 
of much higher current density (>20 µA/cm2) than that of 
the conventional electrocrystallization (<5 µA/cm2).  The 
process generates high concentration of (ET)2+ species that 
is insulating and leads to a passive film that covers the 
entire anode.  This electrochemical process is selective.  
The (ET)2+ species only cover the electrode surfaces but 
not the surrounding substrate.  This nature leads to surface 
patterning capability.  The second step involves a novel 
conproportionation reaction where ET(X)2 is chemically 
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reduced by neutral ET molecules from solution according 
to the following overall equation: 

The substrate inked with ET derivative (1.4 mM) and 6 
eq. of decanethiol was immersed in a chloroform solution 
containing ET overnight.  The resulting square pattern is 
shown in Figure 1a.  The chemical nature of the squares 
was verified with use of micro-Raman (1551 m, 1511 w, 
1494 st) to be identical to that of a pristine ET crystal.  

 (ET)X2  +  3 ET˚  →  2 (ET)2X 
The resulting (ET)2PF6 film was characterized with use 

of micro-Raman (1468 cm-1 ν3Ag) and ESR (13 G main 
component) spectroscopy.  This procedure works well with 
PF6

– anion and is expected to be applicable to other 
electrochemically stable anions such as ClO4

–, ReO4
–, 

HSO4
–, SF5CH2CF2SO3

–, etc.  This selective 
electrochemical procedure prepares thin films and is 
expected to create surface patterns of (ET)2X. 

4. Patterns of ET Salt 

The inverted grid patterns (Figure 1b) are made when 
the soaking solvent, chloroform, was not freshly distilled 
and filtered through alumina.  The Raman spectrum of the 
grid indicates two major peaks at 1467 (C=C ν3Ag) and 
508 cm-1 (C-S ν9Ag) that are consistent with typical 
conductive ET salts (Figure 2).   One commonly observed 
side product during electro-crystallization under similar 
conditions is the ubiquitous (ET)3Cl2

.2H2O.  It is likely 
that this species exists in the presence of small amount of 
acid and selectively adsorbed onto the hydrophilic AET 
domains.  Detailed characterization is in progress.  

3. Patterns of neutral ET 

In addition to thin films, we are interested in 
developing methodologies to prepare ET and (ET)2X 
conductive / superconductive surface patterns.  Toward 
that goal, we synthesized a bi-functional ET derivative 
with dodecanethiol chain that mimics the electronic 
properties of ET molecule and allows for surface 
derivatization.  The PDMS (polydimethylsiloxane) 
stamping technique was applied, where the ET derivative, 
ethylenedithio-methylthio-1,12-dodecanedithio-
tetrathiafulvalene, was stamped onto a gold-on-mica 
substrate to generate “ET-like” domains.  The blank 
surface was back filled with a hydrophilic reagent, 
aminoethanethiol hydrochloride (AET).  The procedure is 
outlined in the following scheme.  

 
Figure 2 Micro-Raman of the ET salt on the grid pattern 

derivatized with AET from Figure 1b. 

 

Conclusion 

We have demonstrated new solution techniques to 
prepare ET salt thin films, both neutral ET and ET salt 
patterns.  Future effort is to optimize the process and bring 
the resolution into nanometer regions. 
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