
What is molecular-scale electronics?  

 

 The study of molecular-scale electronics has been driven for more than 40 years by fundamental interest and by 

potential practical applications. The highly interdisciplinary subject is a meeting place for synthetic chemists, physical 

chemists, experimental physicists and theoreticians. A crucial and fundamental question is: how does electricity move 

through molecules? Answering this question presents a significant experimental and theoretical challenge which is at the 

heart of molecular-scale electronics. The ability to create electrical circuits using individual molecules, or ensembles of a 

few molecules, has given new insights into the properties of materials and devices at the molecular level.  

 Perhaps organic molecules can replace the silicon in our laptops and mobile devices? Molecular-scale electronics 

offers several advantages compared to silicon-based electronic devices. Firstly, the reduced size of the molecules, which 

can be as small as 1-2 nanometers in length, may lead to faster device performance, surpassing the limit of conventional 

silicon circuit integration. At the nanoscale, silicon circuits start to become inefficient as they leak current and heat. (The 

term “nano” refers to a length-scale of approximately 10
-9
 or one billionth of a meter). Second, there is a huge diversity in the 

types of molecular structures that chemists can make, which means that properties of molecules can be rationally and 

systematically changed. This has led to the discovery of new effects and phenomena that do not occur in traditional 

materials such as silicon. Also, for industrial applications, some molecules can be readily synthesized in bulk quantities 

offering low-cost manufacturing potential. 

 To answer the question “How does electricity flow through molecules?” it is necessary to link individual molecules to 

source and drain electrodes that are separated by a nano-sized gap. A current is then passed from the source to the drain 

through the molecule which is present in the gap leading to an electrical circuit in which the molecule is a key component. 

Various ways have been reported in the literature to construct the nanogaps, mostly using scanning probe techniques which 

were introduced in the 1980s. Specifically, for molecular-scale electronics these are scanning tunneling microscopy 

(STM)-based break junctions, conducting probe atomic force microscopy (CPAFM) break junctions, and mechanically 

controllable break junctions (MCBJs). Experimental measurements are made using automated computer-controlled 

procedures which rapidly give very large data sets in which there can be large fluctuations in the data. The fluctuations can 

arise from features such as the details of the electrode fabrication process, varying numbers of molecules in the nanogap 

between the electrodes, the precise detail of how the molecule is anchored to the electrodes, and environmental factors 

such as the presence of moisture or low levels of contaminants in the junction. Extensive statistical analysis is then needed 

to extract the data that provides key information about the electrical conductance of the molecule while it is trapped in the 

junction and is an integral part of the circuit. A further complication for data analysis is that in contrast to traditional 

semiconductors that are fabricated using a standard production process line, to date there are no universal standard 

procedures for fabrication of molecular electronic devices. A small variation in each stage of the process may result in a 

large change in the electrical output of the molecular devices. 

 To anchor molecules to different types of electrodes, it is necessary to attach specific chemical functionality at both 

ends of the molecules. For example thiol (SH) groups are often used to bind the molecule to gold electrodes to form 

gold-molecule-gold junctions. In addition to the anchors, the electronic structure and length of the molecular backbone 

drastically affect the charge transport properties of molecular devices. Aromatic and/or conjugated backbones are usually 

used to provide high conductance devices which are more amenable to characterization, and are likely to be of more 

practical use than low conductance devices. New materials such as graphene are emerging as promising electrode 

materials.  

 

 

 

 

 

 

 

 

  Schematic diagram of a molecular junction with a molecule bridging a nano-sized gap 



 There is great worldwide momentum in the field of molecular-scale electronics, and striking advances have been 

reported in recent years. However, there is much still to be done and many questions remain open. Molecular electronics, 

using organic molecules as key active components, may be the best solution to the inherent limitations of semiconductor- 

based technologies. Although at present it does not seem likely that molecular electronics will replace most of the 

silicon-based electronics, there is a strong possibility that molecular electronic devices will complement silicon-based 

devices by virtue of the nanoscale dimensions of the molecules and new functionalities the molecules can impart to the 

devices which are not attainable with conventional solid-state devices.  
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