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Effects of Irradiation on Albite’s Chemical Durability 
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Narayanan Neithalath (4), Mathieu Bauchy (2), Gaurav Sant* (1,5,6) 
 
• Surface topography change assessing by vertical scanning interferometry (VSI): The 

dissolution rates of pristine (non-implanted) and irradiated (implanted) albite surfaces were 
measured using vertical scanning interferometry (VSI), from which quantifications of sub- 
nanometer alterations of surface height can be obtained. Surface topography parameters (i.e., 
surface roughness (Sa), surface average height (Δh)) were determined for the unreacted and 
reacted areas on the surface. The dissolution rates were obtained by dividing the difference in 
average heights between the reference area (unreacted) and sample area (reacted) by the 
reaction time (Δt). The analysis of the VSI data was carried out using Gwyddion (version 
2.47).1 
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Figure S1: Representative VSI images of: (a) pristine albite, and, (b) irradiated albite, showing 
distinct average height differences between the unreacted and reacted areas of the surface after 
10 days and 8 days of dissolution, respectively. The boundary between these two areas is given 

by the dashed red line. The surface roughness parameters (Sa) of pristine and irradiated albite are 
similar as observed by VSI. 
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A section on the albite surface was covered by an inert silicone mask (Silicone Solutions SS- 
38) to preserve an unreacted part of the surface, which serves as a reference location from 
which sample height change is measured against. The mask was peeled off after every 
measurement and then reapplied at the same position before resuming reaction of the sample 
with the solution. The mask was found to adhere well to the surface, and the solution did not 
penetrate under the silicone mask as would be apparent from peeling of the mask (or a 
vertical swelling in the region of the mask), which was not observed. As shown in Figure S1 
(a,b), the boundary between the reacted and unreacted areas remained sharp after extended 
times (up to 10 days) of exposure to the solution.  

 
• The dissolution rates of irradiated and pristine albite across a range of pH and 

temperature: Dissolution rates were measured for 2 temperatures (25 and 45 °C) and 3 
solution pH levels (pH 10, pH 12 and pH 13). Specifically, 0.1 mM NaOH (pH 10), 10 mM 
NaOH (pH 12), and 100 mM NaOH (pH 13) were selected to simulate the alkaline conditions 
that persist in the pore solution in concrete. In general, the dissolution rates of irradiated 
albite are about 20 times higher compared to pristine albite, over the entire range of 
temperature and pH studied herein, as shown in Figure S2 and Table S1 below.  
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Figure S2: The dissolution rates of pristine (solid blue triangles) and irradiated (open red 
triangles) albite at: (a) pH 10, 45°C, (b) pH 12, 45°C, and, (c) pH 13, 25°C, showing a general 

enhancement in dissolution rates after radiation, by a factor of about 20. 
 
Table S1: The steady state dissolution rates of pristine and irradiated albite at pH 10, 12, 13, and 

at 25 and 45 °C, measured using VSI. These values are used to calculate the dissolution 
enhancement ratios (DER) for each experimental condition. 

Pristine albite 
(×10-13 mol/cm2/s) pH 10 pH 12 pH 13 

25 °C 1.10 ± 0.86 1.74 ± 0.44 3.32 ± 0.61 
45 °C 2.36 ± 1.33 2.84 ± 1.70 2.66 ± 1.66 

Irradiated albite 
(×10-13 mol/cm2/s) pH 10 pH 12 pH 13 

25 °C 24.70 ± 1.70 34.40 ± 4.40 48.10 ± 2.01 
45 °C 33.40 ± 1.06 39.70 ± 0.63 42.03 ± 1.51 
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• Topological constraints calculation: In fully connected glasses, the number of constraints 

(nc) created by each atomic element i is determined by its coordination number (ri). Namely, 
each atomic species features ri/2 bond-stretching (BS) constraints (since each radial 
constraint is shared by two atoms) and 2ri – 3 bond-bending (BB) constraints (the number of 
independent angles required to define a polyhedron). The total number of constraints per 
atom (nc) is then obtained by summing the BS and BB constraints. However, more complex 
ionic systems can feature some thermally-broken constraints (e.g., non-directional Si–O–Na 
bonds do not feature any angular BB constraint). To overcome these difficulties, the number 
of BS and BB constraints is directly computed by molecular dynamics simulations following 
a well-established methodology.2,3 In brief, we compute the radial and angular excursions of 
the neighbors of each atom. For instance, low (high) radial excursions indicate the presence 
(absence) of an underlying constraint, since each constraint prevents the relative motion 
between a pair of atoms. Note that this methodology clearly discriminates intact from 
thermally-broken constraints.  
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