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Tiny Bubbles
Stephen W. Carmichael1 

Mayo Clinic
carmichael.stephen@mayo.edu

This is not an article about the song made famous by the late (great) 
Don Ho. This is about a breakthrough in the understanding of how 
micrometer-sized bubbles can be stabilized for long periods of time. This 
can influence the taste, smell, and consistency of consumer products in-
cluding food and cosmetics.

In two-phase systems, which can include air (as bubbles) suspended 
within a liquid, the structures of the dispersed (bubbles) and continuous 
(liquid) phases play a critical role in determining the properties of the 
material. There is also the function of time in that the microstructure of 
the dispersed phase continuously evolves toward a state of lower energy 
by minimizing the surface area between the two phases (referred to as 
the interfacial area). In the long term, this time evolution diminishes the 
usefulness of two-phase systems. Emilie Dressaire, Rodney Bee, David Bell, 
Alex Lips, and Howard Stone have devised a way to stabilize a two-phase 
system for time periods of a year or longer.2 

In gas-liquid two-phase systems, the air/liquid surface tension pro-
duces a pressure that drives the dissolution of gas into the liquid that leads 
to larger bubbles growing at the expense of smaller ones (a phenomenon 
known as Ostwald ripening). An important aspect of this is that it is the 
product of the surface tension and the curvature of the interface that 
produces the pressure difference between the bubble and the continuous 
phase. The time scale of this dissolution can be less than a second for 
micrometer-sized bubbles in pure water. The separation can be delayed by 
a few orders of magnitude by the addition of surfactants and other “tricks” 
that decrease the surface tension, but it is still difficult to keep small bubbles 
suspended in a liquid for more than a few months. 

Dressaire et al. reported creating very stable gas dispersions obtained 

using a standard multiphase mixing technique to trap air into surfactant 
shells within a viscous liquid. The surfactant solution was very viscous 
glucose syrup (approximattely 3 parts sugar to 1 part water) with sucrose 
stearate as the surfactant (2% by weight; mainly a mixture of mono- and 
diesters). The solution was aerated by vigorous mechanical mixing for 2 
hours that “sheared” trapped bubbles within the viscous liquid to reduce 
the size of the bubbles.

 The resulting foam was examined using several techniques and 
microscopes. These included freeze-fracture transmission electron 
microscopy (TEM), cryogenic scanning 
electron microscopy (cyro-SEM), and cryo-
TEM. Using these techniques, Dressaire et 
al. showed microbubbles (about 1 micron 
in diameter) and that every microbubble 
had a nearly hexagonal surface pattern on 
a nanometer scale (see cryo-SEM, right). 
They thought that using several different 
imaging methods was essential to convince 
themselves that what they were seeing was 
real rather than artifacts.

Dressaire et al. have demonstrated that it is possible to achieve stabi-
lization of microbubbles in a viscous solution and that this system can be 
stabilized for more than a year. The regular surface patterning they found 
on the microbubbles is the thermodynamic signature of the formation of 
an elastic, condensed surfactant phase that also correlates with the ex-
tended stability of the system. The features of this system can be tuned on 
a nanometer scale by modifying the chemical composition of the interface. 
It will be interesting to see how this new system will be incorporated into 
consumer products in the future!
1.  The author gratefully acknowledges Dr. Howard Stone for reviewing this article.
2.  Dressaire, E., R. Bee, D.C.Bell, A. Lips, and H.A. Stone, Interfacial polygonal nanopattern-

ing of stable microbubbles, Science 320:1198-1201, 2008.
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COMING EVENTS
2009

	NANOAFRICA 2009
 February 1-4, 2009 Pretoria, South Africa
 www.nanoafrica.co.za
 The 4th International workshop on Piezoresponse Force Micros.
 February 2009, Aviero, Portugal
 ftp.ua.pt/incoming/4th_PFM_workshop/4thWorkshop_Aveiro.pdf
 Principles and Practice of Light Microscopy: A Training Course
 March 1-7, 2009. Bangalore, India
 www.ncbs.res.in/events/microscopy.html
 Workshop on FRET Microscopy
 March 3-7, 2009, Charlottsville, VA, 
 www.kcci.virginia.edu/workshop/workshop2009/index.php
 PITTCON 2009
 March 8-13, 2009, Chicago, IL
 www.pittcon.org
 Focus On Microscopy 2009 
 April 5-8, 2009, Krakow, Poland 
 www.FocusOnMicroscopy.org
 EELS and EFTEM Analysis Course
 April 6-9, 2009, Pleasanton, CA
 www.gatan.com
 2009 MRS Spring meeting
 April 13-17, 2009, San Francisco, CA
 www.mrs.org
 See especially Symposium JJ on Nanoscale Electrome-

chanics and Piezoresponse, www.mrs.org/s_mrs/sec.
asp?CID=14465&DID=211517 Force Microscopy

 American Soc. for Biochemistry and Molecular Biology
 April 18-22, 2009, New Orleans, LA
 www.asbmb.org
 Microanalysis of Particles
 April 200-23, 2009, Westmont, IL
 www.microbeamanalysis.org/meetings/topical/Particles2009/index.htm
 Lehigh Microscopy School (Multiple Courses)
 June 1-13, 2009, Bethlehem, PA
 www.lehigh.edu/microscopy/
 Frontiers in Polymer Science
 June 7-9, 2009, Mainz, Germany
 www.frontiersinpolymerscience.com
 14th Short Course on 3D Microscopy of Living Cells
 June 13-25, 2009, Vancouver, BC, Canada
 www.3dcourse.ubc.ca/
 Microscopy and Microanalysis 2009
 July 26-30, 2009, Richmond, VA
 www.msa.microscopy.org
 Neuroscience 2009
 October 17-21, 2009, Chicago, IL
 www.sfn.org
2010
 Microscopy and Microanalysis 2010
 August 1-5, 2010, Portland, OR
2011
 Microscopy and Microanalysis 2011
 August 7-11, 2011, Nashville, TN
2012
 Microscopy and Microanalysis 2012
 July 29-August 2, Phoenix, AZ

Please check the “Calendar of Meetings and Courses” in the MSA 
journal “Microscopy and Microanalysis” for more details and a much 

larger listing of meetings and courses.
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This series of images from FEI’s Magellan XHR SEM shows 

nanotubes imaged at 200 V, from 10 k to 600 k times 

magnification. Note the contrast and surface detail that 

would not be possible on other SEMs. Images courtesy of 

Prof. Raynald Gauvin and Camille Probst, McGill University.
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