Molecular rectification in a gold/C16H33Q3CNQ LB film/gold structure at 8K.
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Since the seminal article by Aviram and Ratner [1] on molecular rectification there has been a substantial body of work which has attempted to experimentally confirm their predictions. Much of the work has used Langmuir-Blodgett film layers between dissimilar metals [2,3] at room temperature, although recent studies [4-7], following the introduction of cold gold deposition [8], have been undertaken with symmetric gold electrodes. In this study, for the first time, such an LB film structure containing candidate rectifier molecules, also between symmetric gold electrodes, has been characterised to near liquid helium temperatures, 8K. 

The non-linear I/V characteristics of a novel molecular rectifier structure of the form Au/20 layers of C16H33Q3CNQ (a candidate molecular rectifier)/Au have been explored from room temperature down to 8K. By reducing to this low temperature it has been possible to explore the voltage controlled non-linear conduction processes in the absence of thermal effects. At the highest voltages explored ((15 V) at 8K the logarithm of the current varies in both forward and backward directions as (V( 0.5. This indicates voltage-controlled hopping conduction. The rectification ratio at 15V was only about 4 with current densities as high as 109 Am-2. At all temperatures there appears to be a switch in I/V behaviour from log (I(  (V( to log (I(  (V(0.5 at some characteristic voltage which reduces with increase in temperature. The likely explanation for the complete I/V characteristics rests with the insulating aliphatic tails which provide substantial barriers within the structure. This result suggests that future candidate molecules need to be fabricated without aliphatic tails if the LB film fabrication route for molecular rectifiers is to be pursued. 
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