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We all have an intuitive sense of what acids do. Seltzer water creates a pleasant bubbly feeling in our bellies, while some industrial-grade acids are strong enough to eat away metal. 

Chemists have a more precise way to classify common acids, which they define as substances that release positively charged hydrogen atoms called protons when dissolved in water. 

The behavior of acids in water is well understood by scientists, but what they actually look like has remained a mystery until now. 

In today's issue of Science magazine, a group of researchers -- including University of Pittsburgh chemistry professor Kenneth Jordan -- propose a solution to this centuries-old riddle about the molecular structure of acidic water, which plays a key role in many chemical reactions in the environment and human body. 


"We keep building bigger and more complex materials, but it's amazing that when you get down to something as simple as protons that we don't have a complete understanding of how they react in water," Jordan said. 

In the study, Jordan's colleagues at Yale University and University of Georgia built small clusters of water molecules to which they added a proton. We are taught in high school chemistry that each excess proton likes to bind to just one water molecule. 

But scientists have long believed that protons also could bridge together two water molecules instead. 

Controversy ensued over which scenario was right. 

The answer turns out to be neither -- and both. 

These alternate combinations of molecules and protons vibrate at different frequencies when bombarded with infrared light. 

Jordan and his collaborators, among them members of his research group at Pitt -- Jun Cui, Richard Christie and Yevgeny Myshakin -- used a method called vibrational spectroscopy together with computer simulations to study this jiggling. By doing so, they could track where protons preferred to hang out among the water clusters. 

"The picture that emerges from this is sometimes the proton is with one water molecule and sometimes it is with two," Jordan said. "It is constantly shuttling between different environments." 

Jordan's findings represent another major advance in his quest to unravel the fundamental properties of water. 

In December, other insights into water chemistry provided by the Pitt theoretical chemist and other researchers were recognized by the editors of Science -- one of the world's leading publishers of peer-reviewed, original research -- as one of the top 10 scientific breakthroughs of 2004. 

"We're not going to take this information and make some marketable device," Jordan said. "But it provides a basic understanding into one of the most important entities in all of chemistry." 

