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Figure S1. Representative plots showing nanobubble size distribution histogram and concentration from 

individual nanoparticle tracking analysis from (A) non-crosslinked nanobubbles and (B) crosslinked 

nanobubbles (CL-NBs).  

 

 

 

Figure S2. Cryo-EM images of non-crosslinked nanobubbles. (A) A single nanobubble close to the carbon 

support layer of the EM grid (dark gray, lower right-hand corner). (B-C) Images of intermediate-size and large 

nanobubbles. Note that the larger the diameter of the nanobubble, the darker its central core due to the 

increased path length for the electrons. Scale bars, 100nm. 
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Figure S3. More examples of cryo-EM images showing the effect of extended electron beam exposure on CL-

NBs. (A) Representative CL-NBs imaged with a typical electron beam exposure (60 e-/Å2) (left) and after 

extended electron beam exposure (900 e-/Å2) (right). Scale bars, 100nm. (B) Density plot analyses of these 

CL-NBs before (blue) and after extended electron beam exposure (red). The plots reveal a decrease in the 

density in the center of the nanobubbles suggesting loss of perfluorocarbon gas following extended electron 

beam exposure. The density of the surrounding frozen ice layer before and after extended electron beam 

exposure has been normalized to aid comparison. 
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MOVIE LEGENDS 

Movie S1. Cryo-EM visualization of electron-beam induced damage to a crosslinked nanobubble (CL-NB). The 

movie shows a sequence of cryo-EM image frames each collected with an 800 ms exposure time over a total 

acquisition time of 40-45 s with a total electron dose of <900 e-/Å2. After extended electron beam exposure, the 

interior of the CL-NB gets lighter suggesting loss of the enclosed perfluorocarbon gas. 

 

Movie S2. Cryo-EM visualization of electron-beam induced damage to a second crosslinked nanobubble (CL-

NB). The movie shows a sequence of cryo-EM image frames each collected with an 800 ms exposure time 

over a total acquisition time of 40-45 s with a total electron dose of <900 e-/Å2. After extended electron beam 

exposure, the interior of the CL-NB gets lighter suggesting loss of the enclosed perfluorocarbon gas. 

 

Movie S3. Cryo-EM visualization of electron-beam induced damage to a third crosslinked nanobubble (CL-

NB). The movie shows a sequence of cryo-EM image frames each collected with an 800 ms exposure time 

over a total acquisition time of 40-45 s with a total electron dose of <900 e-/Å2. After extended electron beam 

exposure, the interior of the CL-NB gets lighter suggesting loss of the enclosed perfluorocarbon gas. In the last 

several frames of this movie, the frozen ice layer supporting the nanobubble is melting (see growing light gray 

circle in right-hand side of image). 
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