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There have been numerous studies of glass structure as a function of pressure at room 

temperature, including recent advances in in-situ measurements.
1,2

  In contrast, there are many fewer 

examples of the effects of simultaneous pressure and temperature treatment on glass structure and even 

fewer extensions of this knowledge to the rationalization of post-compression glass properties.  We 

have recently leveraged hot isostatic compression of glasses to further our understanding of the 

pressure and temperature impacts on both network structure and related glass properties.
3,4

  Although 

our approaches are somewhat modest in both temperature and pressure (~Tg and <1 GPa), the ability to 

compress relatively large glass pieces (cm
2
) enables significantly more comprehensive 

characterization. 

 

Pressure-induced structural changes are manifested by changes in both short- and intermediate-

range structure, including changes to the local coordination numbers of network forming cations. 

Boron-containing glasses are particularly amenable to such effects, leading to a change in the 

populations of 3- and 4-fold coordinated boron atoms.
4-6

  In this presentation, we describe studies 

based on hot isostatic compression of several different borate and borosilicate glasses, where changes 

in short-range structure following both compression and thermal annealing (relaxation) treatments 

have been examined using solid-state NMR.  Changes in boron coordination, arrangement of these 

polyhedra into various superstructural groups, as well as the impact of compression and annealing on 

the local geometry of the network modifying sodium atoms, will be discussed.  Such changes in 

network structure are reflected in the pressure-induced properties of these glasses, such as density, 

elastic moduli, hardness, crack resistance, and overshoot in heat capacity during glass transition.  

Implications for this behavior and its glass composition dependence will be described. 
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