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(a) Phase and cross section analysis of nanobubbles  

Contamination at the surface of a material has the possibility for being mistaken for nanobubbles, due 

to this, each nanobubble in this manuscript was investigated to check they had been identified 

correctly. The nanobubbles had to show both phase difference and good fitting to cross sections, at a 

height above 8nm. This methodology followed work by Rangharajan et al., [1] and Li et al., [2]. Cross 

sections were fitted across four angles of the nanobubble. Figure 1 shows an example for the selection 

with R2 fitting over a 0.8 for all four cross sections. If two of the cross sections had a R2 < 0.8 then the 

nanobubble was discounted. Nanobubbles below 8nm in all four cross sections were also discounted, 

these are highlighted on figure 1 in black.  
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Figure 1. Nanobubble selection using cross sections. I) Nanobubbles on the surface of dolomite 4µm x 

4µm, nanobubbles circled and numbered in red  ii) enlarged section with nanobubble investigated in 

cross sections a,b,c,d. R2 values of a,b,c,d cross sections are shown below the figure.  

 

Nanobubbles were fitted to a spherical cap using Origin 8.6 Data Analysis graphing software using non-

linear curve fit. All fitting was conducted in Origin 8.6 after exporting the cross sections from the 

atomic force microscopy image.  

 

Comparison of topography and phase in AFM was conducted by lining up specific areas against each 

other, see figure 2.  

 

  

Figure 2. Topography and phase diagrams of nanobubbles in collector solution. a) and b) are phase 

diagrams for nanobubbles in collector conditions, with b) being an enlargement of image a). c) and d) 

are topographical images over the same area as a) and b) respectively.  

 

Figure 2 shows that good agreement between the phase and topographical images of atomic force 

microscopy. Nanobubbles were selected if they appeared on both phase and topographical images.  

 

(b) Cantilever tip radius correction 

Cantilever tips have long been a known as an area of error for the width measurement of a 

nanobubble. Equations for the correction of nanobubble radius, diameter (L) and contact angle (𝜃) 

were taken from Wang et al., [3]. 
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𝐿′ = √𝐿2 − 8𝐻𝑅𝑡𝑖𝑝     [2] 
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Rc
’ is the corrected radius, L’  is the corrected length (diameter) of the nanobubble and θ’ is the 

corrected contact angle.  

 

Figure 3 adapted from Wang et al., [3] Figure S7(a) adapted here to help in ease of the 

measurement. b) plot of width of nanobubbles against contact angle of both water and collector 

nanobubbles in corrected and uncorrected form. 

Figure 3 (b) shows that the cantilever tip correction does not have a significant effect on the width 

and contact angles of the nanobubbles.  
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