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[Abstract] For the most common hydrogen-bonded systems, liquid water and ice, it has
been widely believed that DO forms stronger hydrogen bonds than H.O. However, it has
been also reported that deuterium substitution leads to the larger extent of volume expansion
by weakening hydrogen bonds. The apparent contradiction has never been resolved in a
unified way. To obtain further insights into the isotope effects on the strength of hydrogen
bonds, we investigated sublimation of isotope-mixed ice (H20+HDO+D,0O) with
temperature-programmed desorption. We measured the desorption rates of H.O, HDO, and
D20 molecules from ice surfaces whose isotopic compositions were systematically varied,
and found that the activation energy for desorption Eq is governed by two competing isotope
effects derived from a desorbing molecule and its neighboring molecules. We demonstrate
that they originate from the zero-point energy of librational motion of the desorbing molecule
and anharmonic intermolecular interaction through hydrogen/deuterium atoms. From these
results, we provide a firm basis for deeper understanding of the quantum features of
hydrogen-bonded systems.
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Fig. 1. Desorption rate constant kq(T) of HDO Fig. 2. Desorption activation energies Eq of
molecules determined from TPD measurements H»0, HDO, and D,O molecules are shown as a
for ice films with various D mole fraction Xp. function of xp.
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