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            Abstract
At present, no satisfactory theory exists to explain how a given molecule results in the perception of a particular smell. One theory is that olfactory sensory neurons detect intramolecular vibrations of the odorous molecule. We used psychophysical methods in humans to test this vibration theory of olfaction and found no evidence to support it.
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                    Figure 1: Additive synthesis and homologous series.


Figure 2: Isotope substitution.
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Supplementary information

Supplementary Fig. 1.
Additive synthesis. Turin suggests that the smell of a mixture of guaiacol and benzaldehyde has a vanilla character not found in its components because the combined molecular vibrations of benzaldehyde and guaiacol roughly approximate the vibrations of vanillin. (a) To test this prediction, subjects rated the vanilla character of benzaldehyde, guaiacol and a 1:1 mixture of both. This is the same experiment as in Fig. 1b but done at lower stimulus concentration (10-4). The benzaldehyde/guaiacol mixture had a vanilla character no stronger than either of its components (N=24, 12 females, 12 males, middle line: median, box boundaries and whiskers: 25%, 75% and 10% and 90% quantiles, respectively; P > 0.05; Student-Newman-Keuls test for multiple comparisons after Friedman's test). (b) In another version of this experiment, odor similarity was rated on a scale from 0 (smells the same) to 10 (smells very different). Subjects did not rate the 1:1 mixture of undiluted benzaldehyde and guaiacol more similar to undiluted vanillin than each individual component of the mixture. The vanillin vs. components and the mixture vs. components values include the comparison between vanillin or the mixture and both benzaldehyde and guaiacol (N=36, 22 females, 14 males) (P > 0.05; Student-Newman-Keuls test for multiple comparisons after Friedman's test). (JPG 37 kb)


Supplementary Fig. 2.
Odor similarity rating of aldehydes. Vibration theory, as formulated by Turin, suggests that aldehydes with an even number of carbon atoms smell different from those with an odd number. We had subjects rate pairs of undiluted aldehydes with eight to eleven carbon atoms for perceived smell dissimilarity. The results show that within-pair smell dissimilarity increased along with the difference in carbon atom number. Odor dissimilarity was rated on a scale from 0 (smells the same) to 10 (smells very different). The three carbon atoms difference includes the pair octanal/undecanal, the two carbon difference includes octanal/decanal and nonanal/undecanal, the one carbon difference octanal/nonanal, nonanal/decanal, and decanal/undecanal (N=36, 22 females, 14 males, middle line: median, box boundaries and whiskers: 25%, 75% and 10% and 90% quantiles, respectively). (JPG 31 kb)
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