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7 Molecular Electronics 
Molecular electronics is presently concerned with the examination of organic materials in the 
desire to determine their applicability to the storage, transfer, and processing of information. 
A possible technically useful property is the greater miniaturization attainable with organic 
materials in comparison to inorganic semiconductors. It is however questionable whether this 
miniaturization can ever be achieved. 
 

7.1 Molecular Conductors  

The polyacetylene mentioned in chapter 6 belongs to the molecular conductors, as does the 
biological substance ß-Carotene, in which in a carbon chain, single and double bonds 
alternate. Defects are necessary for the conductivity in the direction of the chain of such 
polymers. These can be created by the addition of an oxidizing agent such as FeCl3 (doping 
with an electron donator), or by breaking a double bond. Doped polyacetylene has a 
conductivity which is only one order of magnitude below that of a good metallic conductor. 
 
Organic metals are crystalline bonds composed of an electron donator and an electron 
acceptor, usually arranged in stacks. There is a conductivity along the stack if charge transport 
occurs due to overlapping of the π-orbitals of neighbouring molecules. The radical anionic 
salt dicyanochinon-diimine (DCNQI) with a free metallic substituent group (e.g. −CH3, Cl, 
Br, I) or counterion of the salt (e.g. Cu, Ag, Li) acts like a 
metal-similar semiconductor or a one-dimensional conductor. 
With CH3-groups at these positions, the conductivity at low 
temperatures reaches that of copper at room temperature. 
Apparently there are increased inter-stack charge transfers 
between Cu and the CN groups. Figures were taken from 
Haken and Wolf. 
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7.2 Molecular Switching Elements 

We have photochromism, if a molecule in state A changes to state B by the interaction with 
light of wavelength λA, and goes back into state A by interaction with light of wavelength λB. 
An example of such a bistable molecule with two valence isomers (the π-bond is changed into 
a σ-bond by ring formation) is the thiophene fulgide. The ring state contains a chain of 
conjugated double bonds which is colourful and can serve the transport of energy, e.g. 
oriented transport of excitement energy between the donator and acceptor of energy. 

 
 
 
 
 
 

 
 
All figures on this page 
were taken from Haken 
and Wolf. 
 
 
 
 

7.3 Molecular Storage 

The most promising process for the 
production of molecular storage is 
that of “hole burning”. It is based 
on the difference between 
homogenous and inhomogeneous 
broadening of a spectral line. The 
homogenous broadening is 
determined by the lifetime of the 
states which take part in the 
transitions. In addition to the 
homogenous broadening there is 
the inhomogeneous broadening, 
which is be caused by the motion of the particle (Doppler broadening), differing intermolecular 
or master-slave interactions, and other mechanisms. An experimentally approachable definition 
of homogenous and inhomogeneous broadening is: in an inhomogeneously broadened spectral 
line, it is possible with intensive radiation (e.g. a laser) to burn a hole whose width is the natural 
line width. This hole burning is caused by the partial saturation of the spectral line. If, however, 
the radiation causes the rearrangement of a bond in the molecule, we have photochemical hole 
burning. That includes photoisomerization.  
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7.4 Spectroscopy of a Single Pentacene 
Molecule 

In molecular electronics, individual 
molecules play a role. It is therefore 
desirable to spectroscopically examine such 
individual molecules in the condensed 
phase. 
 
This has since been achieved by several 
methods. An example is the fluorescence 
excitation of individual pentacene 
molecules 
 
All figures on this page were taken from 
Haken and Wolf. 
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7.5 Single molecule polarization measurement on a light harvesting complex 

Carsten Tietz, Uwe Gerken, Fedor Jelezko and Jörg Wrachtrup: Polarization  
Measurements on Single Pigment-Protein Complexes, Single Mol. 1 (2000) 1, 67-72  
 
Individual antenna complexes from different photosynthetic units have been investigated by 
single molecule spectroscopy. In such energy transfer systems the polarization of the 
fluorescence emission gives valuable information about the nature of the emitting state, which 
is not readily available with other methods like fluorescence excitation or emission 
spectroscopy. The peripheral antenna light harvesting complex from purple bacterium 
Rhodopseudomonas Acidophila shows predominantly linear polarized fluorescence emission 
at low temperature, whereas at room temperature the fluorescence is randomly polarized. This 
is attributed to the fact, that at low temperature in the fluorescence emitting state the 
excitation energy is localized mainly on 4-5 chromophores. Analysis of the fluorescence 
emission of single peripheral antenna complexes of green plants indicate that for trimers of 
this species more than one Chlorophyll is responsible for the final fluorescence emission, 
which points towards a weak intermonomer coupling in the complex. 
 
Answering how many molecules finally receive the excitation energy provides a way to 
understand how nature optimizes transfer among different units of the photosynthetic 
apparatus. From the time averaged isotropic fluorescence polarization of LH2 it can be 
concluded, that a rapid randomization of trapping sites in the B850 occurs. At low 
temperature an inhomogenous distribution of eigenenergies around 200 cm-1 has been found. 
Possibly fluctuations at room temperature result in larger eigenenergy variations with a 
concomitant trapping at random sites in the ring. Stepwise photobleaching in LHCII trimers 
suggests, that there is weak intermonomer coupling in this system. Although up to five 
molecules could be responsible for fluorescence emission in LHCII monomers, a single step 
is found in photobleaching. Possibly trap formation in a system of coupled chlorophylls 
explains this observation. 

 

 
The figures above were taken from the reference given at the top of this page. 
 


