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            Abstract
Plant scientists believe that transpirationâ€”the motion of water from the soil, through a vascular plant, and into the airâ€”occurs by a passive, wicking mechanism. This mechanism is described by the cohesion-tension theory: loss of water by evaporation reduces the pressure of the liquid water within the leaf relative to atmospheric pressure; this reduced pressure pulls liquid water out of the soil and up the xylem to maintain hydration1,2,3. Strikingly, the absolute pressure of the water within the xylem is often negative, such that the liquid is under tension and is thermodynamically metastable with respect to the vapour phase1,4. Qualitatively, this mechanism is the same as that which drives fluid through the synthetic wicks that are key elements in technologies for heat transfer5, fuel cells6,7 and portable chemical systems8,9,10. Quantitatively, the differences in pressure generated in plants to drive flow can be more than a hundredfold larger than those generated in synthetic wicks. Here we present the design and operation of a microfluidic system formed in a synthetic hydrogel. This synthetic â€˜treeâ€™ captures the main attributes of transpiration in plants: transduction of subsaturation in the vapour phase of water into negative pressures in the liquid phase, stabilization and flow of liquid water at large negative pressures (-1.0â€‰MPa or lower), continuous heat transfer with the evaporation of liquid water at negative pressure, and continuous extraction of liquid water from subsaturated sources. This development opens the opportunity for technological uses of water under tension and for new experimental studies of the liquid state of water.
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                    Figure 1: 
                        Transpiration of water at negative pressures.
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Figure 2: 
                        Liquid water in equilibrium with subsaturated vapours.
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Figure 3: 
                        Transpiration through a synthetic tree.
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        Editorial Summary
Transpiration: the pulling power of a 'synthetic tree'
Evaporation of water from the leaves of plants pulls water up from the roots via a passive wick-like action. This 'transpirational pull' generates pressures up to a hundredfold greater than in synthetic wicks. A team from Cornell University has now developed a microfluidic system in a synthetic hydrogel that captures the main attributes â€” and pulling power â€” of transpiration in plants. The microfluidic 'synthetic tree' has a root system that extracts liquid water from a subsaturated vapour into negative pressures in the liquid phase. Liquid water flows at large negative pressures through the 'trunk' and the water evaporates through an analagous 'leaf' system. This process validates the cohesion-tension theory of transpiration, and the synthetic tree should also be a useful platform for the study the properties of metastable liquids and a starting point from which to design new technologies for the management of water in chemical processes, heat transfer, and environmental engineering.
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