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Abstract: The unsurpassed mechanical properties of biomaterials stem from the intricate organization 

of inorganic and organic matter across length scales. In bone, water facilitates this organization, thereby 

playing an important structural role in addition to being a nutrient and waste transport medium. Water 

makes 10% of mammalian bone tissues and can be found in one of two states: bound (to the mineral 

phase) or mobile. While experimental studies were able to directly link the amount of bound water to 

bone strength, a molecular understanding of the interactions between the mineral (hydroxyapatite), 

organic (collagen) phase, and water is missing. In this talk, I will provide new insights into the water 

adsorption properties of bone tissues. I will present DFT calculations of water adsorption energy as a 

function of the environment, which includes an explicit solvent and human collagen fragments. I will 

show that the environment - rather than the mineral surface itself-governs the adsorption strength and 

mode. In particular, I will show that conditions consistent with aging tissues are associated with a lower 

density of adsorbed water molecules, which is a sign of weaker bones. 
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