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Silicate glasses are one of the oldest materials in history and are commonly used in modern glass industry. 

In this work, we investigated the structure of three kinds of the 22.7R2O-77.3SiO2 glasses (R=Na, K) by 

using neutron diffraction (ND) and high-energy X-ray diffraction (HEXRD), to reveal the influence of 

alkali ions to the glass structure. It is well known that the mixed alkali glasses show the pronounced 

reduction in electrical conductivity in comparison with single alkali glasses. To obtain a clear insight on 

this mixed alkali effect, we performed advanced topology analyses based on three-dimensional atomistic 

models, which highlight the modification of glass structure affected by the introduction of alkali ions. 

The ND experiments were conducted on a high intensity total diffractometer, NOVA, installed at 

BL21 of the Materials and Life Science Experimental Facility at the J-PARC. The HEXRD experiments 

were performed on a two-axis diffractometer at the BL04B2 of the SPring-8. We performed a dedicated 

data driven structure modelling with employing combined reverse Monte Carlo (RMC) and classical 

molecular dynamics (MD) simulations in accordance with ND, HEXRD and NMR data. Moreover, 

cavity distributions and persistent homology analyses were applied to atomic coordinates obtained by 

atomistic simulations in order to extract the structure associated with the mixed alkali effect. 

We found that sodium-potassium silicate glass shows a significant reduction in large cavities as a 

result of the mixed alkali effect. Furthermore, a highly correlated pair arrangement between sodium and 

potassium ions around non-bridging oxygen (NBO) atoms was identified by persistent homology 

analysis. The potassium ions can be trapped in K–O polyhedra due to the increased bridging oxygen 

coordination. On the basis of structural model, we have succeeded in reconciling the mixed alkali effect 

based on the behaviors of the alkali ions around the NBO atoms. The correlated pair arrangement is 

likely the intrinsic origin of the mixed alkali effect [2]. 
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