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            Abstract
Ferroelectrics are electro-active materials that can store and switch their polarity (ferroelectricity), sense temperature changes (pyroelectricity), interchange electric and mechanical functions (piezoelectricity), and manipulate light (through optical nonlinearities and the electro-optic effect): all of these functions have practical applications. Topological switching of Ï€-conjugation in organic molecules, such as the keto-enol transformation, has long been anticipated as a means of realizing these phenomena in molecular assemblies and crystals1. Croconic acid, an ingredient of black dyes2, was recently found to have a hydrogen-bonded polar structure in a crystalline state3. Here we demonstrate that application of an electric field can coherently align the molecular polarities in crystalline croconic acid, as indicated by an increase of optical second harmonic generation, and produce a well-defined polarization hysteresis at room temperature. To make this simple pentagonal molecule ferroelectric, we switched the Ï€-bond topology using synchronized proton transfer instead of rigid-body rotation. Of the organic ferroelectrics, this molecular crystal exhibits the highest spontaneous polarization (âˆ¼20â€‰Î¼Câ€‰cm-2) in spite of its small molecular size, which is in accord with first-principles electronic-structure calculations. Such high polarization, which persists up to 400â€‰K, may find application in active capacitor and nonlinear optics elements in future organic electronics.
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                    Figure 1: 
                        Structural comparisons between antiferroelectric squaric acid (top) and ferroelectric croconic acid (bottom).
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Figure 2: 
                        Results from the first-principles density-functional theory of croconic acid.
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Figure 3: 
                        Two-dimensional surface images of crystal (100) plane under an optical microscope.
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Figure 4: 
                        Ferroelectric properties.
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Ferroelectric compounds have a range of properties useful in practical applications, including polarity reversal in electric fields, temperature sensitivity and the ability to convert mechanical stress into electricity. It is generally assumed that ferroelectricity is rare and mostly poor in organic compounds, but Horiuchi et al. now report the discovery of above-room-temperature ferroelectricity with relatively high polarization in the organic crystal croconic acid, a component of black dyes. These properties are not readily apparent in the crystalline form of this simple molecule, but they emerge on application of a modest electric field that induces a molecular-topological keto-enol conversion. This finding raises the prospect that organic ferroelectrics might be much more abundant that previously thought.
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