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            Abstract
Approximately 50 species, including birds, mammals, reptiles, amphibians, fish, crustaceans and insects, are known to use the Earthâ€™s magnetic field for orientation and navigation1. Birds in particular have been intensively studied, but the biophysical mechanisms that underlie the avian magnetic compass are still poorly understood. One proposal, based on magnetically sensitive free radical reactions2,3, is gaining support4,5,6,7,8,9,10,11 despite the fact that no chemical reaction in vitro has been shown to respond to magnetic fields as weak as the Earthâ€™s (âˆ¼50 Î¼T) or to be sensitive to the direction of such a field. Here we use spectroscopic observation of a carotenoidâ€“porphyrinâ€“fullerene model system to demonstrate that the lifetime of a photochemically formed radical pair is changed by application ofâ€‰â‰¤50 Î¼T magnetic fields, and to measure the anisotropic chemical response that is essential for its operation as a chemical compass sensor. These experiments establish the feasibility of chemical magnetoreception and give insight into the structural and dynamic design features required for optimal detection of the direction of the Earthâ€™s magnetic field.
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                    Figure 1: 
                        Câ€“Pâ€“F triad.
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Figure 2: 
                        Isotropic magnetic field effects on Câ€“Pâ€“F.
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Figure 3: 
                        Operation of Câ€“Pâ€“F as a chemical compass.
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It has long been known that animals of many kinds can orient themselves with respect to the Earth's magnetic field. The question is: how do they do it? There is evidence in some species that grains of magnetite are used as detectors. In others, though, the magnetic orientation seems to involve the eye, possibly via the magnetic modulation of a photochemical reaction. But it is not known whether such modulation is even possible, for any chemical system, given that the Earth's magnetic field is relatively weak. Now Maeda et al. present evidence that weak magnetic fields can modulate photochemical reactions in the expected manner. The model system is entirely artificial, and the temperature rather low â€” but the point has been made, and researchers can now seek with renewed confidence the mechanisms used in the real world for orientation and migration.
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