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We inves�gated the mechanism and energy involved in the hydrolysis of borate 
networks, focusing on the role of water molecules. We simulated the borate 
network's interac�on with water under various condi�ons, including acidic and basic 
environments, by modeling a system with two boron atoms, bridging oxygen atoms, 
and water molecules. The study applied ab ini�o calcula�ons at the MP2 and CCSD(T) 
levels and DFT with several exchange-correla�on func�onals.  
 
 
 
 
 
 
 
 
 
 
 
The findings suggest that borate networks are more prone to hydrolysis in basic 
condi�ons than in acidic or neutral ones. The presence of water molecules, especially 
in certain transi�on states with closed-ring structures involving the boron-oxygen-
boron network, significantly influences the hydrolysis reac�on, lowering the energy 
barriers. Some computa�onal approaches, par�cularly the B3LYP, PBE0, and wB97Xd 
func�onals (and also CAM-B3LYP in most cases)1, provided results close to the 
reference MP2 and CCSD(T) calcula�ons and in line with what expected with more 
studied silicate networks2, both in describing the mechanism and in es�ma�ng the 
reac�on barriers. The study highlights the importance of including water molecules 
in simula�ons and shed light on a reac�on mechanism of paramount importance for 
the applica�on of borate glasses. 
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