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Abstract

Nanobubbles(NBs) present characteristics that make them unique compared to ordinary
bubbles because they have negatively charged surfaces, large surface area per volume, and longer
suspension time in liquids. The physical properties of NB aqueous solutions are different from
ordinary gas aqueous solutions.

In this experiment, nitrogen, oxygen, and carbon dioxide were separately purged into distilled
water until it becomes saturated. Second, the gas aqueous solutions were sonicated with a
common ultrasonic sonicator found in high school laboratories through different time intervals to
get different sizes of NBs in the aqueous solution.  With the sonicator, we can obtain a dimension
of 100nm in NBs. Lastly, zeta-potentials and the size of NBs were measured by using a
nanoparticle potentiometer (Malvern Nano-ZS90).

There are five important physical properties of NBs in aqueous solution studied in this
experiment: magnetism, surface tension, index of refraction, viscosity, and diffusion coefficient.
Concerning magnetism, results found that the repulsive magnetic force in aqueous solutions is
stronger when N2 and CO2 NBs are smaller, while the opposite is true with Oz — the smaller the NBs,
the weaker the magnetic force in the aqueous solution. This shows the phenomenon of size effect.
Regarding surface tension, the surface tension decreases as the size of NB become smaller due to
the effects of negatively charged surfaces. The index of refraction of the three types of NBs
aqueous solution increases when the NBs become smaller because of the increase of electric
susceptibility. In a controlled environment, CO2, O2, and N2 have increased viscosity when NBs
become smaller, with CO2 increasing the most among these three types of gases. Last but not least,
the diffusion coefficient between glycerol and the three experimental solutions with NBs decreases
as the NBs shrink.

This method not only produces high yield and high stability NBs, but also performs a method
in making nanometer-scale bubbles with low-cost equipment.  Understanding the physical
properties of NBs can greatly enhance innovations in medicine and the field of biochemistry.
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