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            Abstract
Electron transfer through molecules is an ubiquitous process underlying the function of biological systems and synthetic devices. The electronic coupling between components varies with the structure of the molecular bridge, often in classically unintuitive ways, as determined by its quantum electronic structure. Considerable efforts in electron-transfer theory have yielded models that are useful conceptually and provide quantitative means to understand transfer rates in terms of local contributions. Here we show how a description of the local currents within a bridging molecule bound to metallic electrodes can provide chemical insight into current flow. In particular, we show that through-space, as opposed to through-bond, terms dominate in a surprising number of instances, and that interference effects can be characterized by the reversal of ring currents. Together these ideas have implications for the design of molecular electronic devices, in particular for the ways in which substituent effects may be used for maximum impact.
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                    Figure 1: Different surfaces across which the current can be calculated.[image: ]


Figure 2: The local transmission at the Fermi energy (top) and total transmission as a function of energy (bottom) for two commonly studied molecules.[image: ]


Figure 3: The local Ï€ transmission contributions through a meta-substituted phenyl ring at a selection of energies (top), and a plot of the Ï€ transmission (dashed line) and total transmission (solid line) across a large energy range (bottom).[image: ]


Figure 4: The Ïƒ (left), Ï€ (centre) and total (right) local transmission for a meta-substituted phenyl system at an energy where the Ï€ system dominates (top) and where the Ïƒ system dominates (bottom).[image: ]


Figure 5: The local Ï€ transmission contributions through a cross-conjugated molecule at a selection of energies (top) and a plot of the Ï€ transmission (dashed line) and total transmission (solid line) across a large energy range (bottom).[image: ]


Figure 6: The local transmission in syn-1,8-octanedithiol at a selection of energies (top) and a plot of the total transmission across a large energy range (bottom).[image: ]
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