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The vast majority of mineral surface reaction studies have 
been conducted at room temperature. However, many 
processes of interest in the geosciences, materials and 
chemical sciences, electrical power generation, ore processing, 
chemical industries, etc., involve the interaction of aqueous 
solutions with mineral surfaces at elevated temperatures. 
Fortunately, recent advances in experimental, analytical, 
computational and theoretical approaches have greatly 
expanded our understanding of the temperature dependencies 
of surface protonation reactions and the resulting surface 
charge development. There is a smaller, but growing body of 
literature, including the extensive studies by this research team 
of rutile (alpha-TiO2), on the changes in ion adsorption 
equilibria with increasing temperature, which are intimately 
related to surface protonation equilibria. We will review these 
studies and demonstrate broad generalities relatable to the 
properties of homogeneous hydrothermal solutions. Ion 
pairing equilibria and the acid-base properties of aqueous 
species change profoundly, and have profound effects on 
system behaviour, with increasing temperature. Similarly, we 
show that ion adsorption is greatly enhanced at elevated 
temperatures and surface protonation equilibria have become 
both readily measurable and predictable. It is no longer 
necessary or appropriate to ignore temperature effects on 
surface reactions, and this information is critically needed to 
make fundamental advances in our understanding of, for 
instance, heterogeneous reaction rates and mechanisms. 
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Plant lipid isotope ratios record important aspects of 

environmental variation. For example, along with 
composition, the isotope ratios of lipids in sedimentary records 
yield insights to past species distributions and climate 
conditions. Lipids also have the potential to be useful for 
forensic reconstructions. Correctly interpreting these records 
requires that we understand what controls isotopic variation 
and in cases where inferences are to be made about geographic 
origins, an emphasis must be placed on understanding the 
primary drivers of large-scale spatial and temporal variability. 
Potential sources of variation include the isotopic composition 
of soil moisture, fractionations associated with biophysical 
processes such as transpiration, and biochemical processes 
such as photosynthesis and fatty acid synthesis. As part of a 
comprehensive evaluation of the large-scale spatiotemporal 
variation of castor bean isotopic composition, we report here 
results of an analysis of the global-scale variation of castor oil 
hydrogen isotope ratios. Over 250 seeds from plants grown in 
key castor bean growing regions, including Brazil, China, 
India, and many locations in the USA, as well as other 
locations in Europe and Central America were analyzed. We 
observed a significant correlation between spatial variation of 
seed oil #2H and that of modeled global precipitation #2H. A 
large amount of the observed variation remained unexplained 
by this simple relationship. Comparisons were made between 
our observations and spatiotemporal variations in climate by 
using the monthly climate grids (University of East Anglia, 
CRU TS 3.0) that revealed a significant influence of climate 
on an inter-annual basis. Correlations were also observed 
between seed oil #2H and seed characteristics, perhaps 
suggesting a role of either plant stress or seed maturity on seed 
oil #2H. A revised model, driven by both long-term modeled 
precipitation #2H and inter-annual variations in climate 
yielded improved explanatory power. The extent to which 
plant stress could mediate the hydrogen isotopic composition 
of seed lipids remains unclear and will be key to refining our 
understanding and predictive capacity. 


