
 

It takes more than peer pressure to make
large microgels fit in
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Microscope image shows the higher optical density of a microgel particle that
had shrunk to match the size of other particles in the assembly. Credit: 
Angewandte Chemie International

When an assembly of microgel particles includes one particle that's
significantly larger than the rest, that oversized particle spontaneously
shrinks to match the size of its smaller neighbors. This self-healing
nature of the system allows the microparticles to form defect-free
colloidal crystals, an unusual property not seen in systems made up of
"hard" particles.

In 2009, Andrew Lyon, then a professor of chemistry at the Georgia
Institute of Technology, observed this dynamic resizing in a microgel
system he had created, but the mechanism behind the self-healing
process remained uncertain. Now, researchers believe they've finally
solved the mystery, and what they've learned could also have
implications for biological systems made up of soft organic particles not
unlike the polymer microgels.

Using small-angle X-ray and neutron scattering techniques, the
researchers carefully studied the structures formed by dense
concentrations of the microparticles. They also used tiny piezoelectric
pressure transducers to measure osmotic pressure changes in the system.
Their conclusion: In dense assemblies of microparticles, counter ions
bound to the microgels by electrostatic attraction come to be shared by
multiple particles, increasing the osmotic pressure which then works to
shrink the oversized particle.

"When the particles are close enough together, there is a point at which
the cloud of ions can no longer be associated with individual particles
because they overlap other particles," said Alberto Fernandez-Nieves, an
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associate professor in the School of Physics at the Georgia Institute of
Technology. "The ions create an imbalance between osmotic pressure
inside and outside the larger particles, pushing them to de-swell - expel
solvent to change size - to match the pressure of the system given by
these delocalized ions. This is only possible because the microgel
particles are compressible."

  
 

  

Vials containing microgel particles await analysis in the laboratory of Alberto
Fernandez-Nieves at Georgia Tech. Researchers now believe they understand
why oversized microgel particles spontaneously shrink to allow formation of
colloidal crystals in assemblies of smaller microparticles. Credit: John Toon,
Georgia Tech
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The research is reported April 25 in the journal Proceedings of the
National Academy of Sciences. The work was supported by the Swiss
National Science Foundation, and the research partnership between
Georgia Tech and Children's Healthcare of Atlanta.

The presence of non-uniform particles normally creates point defects in
the crystals or prevents the formation of crystalline structures altogether.
That's true for structures formed from atoms, but not those formed from
the microgels, which are soft cross-linked polymer particles immersed in
a solvent. The microgels, which range in size from about 100 nanometers
up to several microns in diameter, can exist in either swollen or non-
swollen states, depending on such external conditions as temperature.

Lyon and his research group reported the self-healing nature of the
colloidal crystals in the journal Angewandte Chemie International in
2009. They initially believed that what they were seeing resulted from
energetic issues associated with formation of the crystals.

"We interpreted the phenomenon in terms of the overall lattice energy -
the propensity of the microgels to form an ordered array - perhaps being
larger than the energy required to collapse the defect microgels," he said.
"In other words, we believed there was an energetic penalty associated
with disruption of the crystalline lattice that was greater than the
energetic penalty associated with individual microgel de-swelling."
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Researchers now believe they understand why oversized microgel particles
spontaneously shrink to allow formation of colloidal crystals in assemblies of
smaller microparticles. Shown in a laboratory used to study the particles is
Georgia Tech Associate Professor Alberto Fernandez-Nieves. Credit: John Toon,
Georgia Tech

Fernandez-Nieves initially supported that hypothesis, but later came
believe there was more at work. For instance, the shrunken microgels,
which are identifiable because of their higher optical density, freely
move about just like the smaller ones, suggesting that the shrinkage
doesn't result from being crowded by the smaller particles.

In a collaboration with Researcher Urs Gasser and Ph.D. student Andrea
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Scotti at the Laboratory for Neutron Scattering and Imaging at the Paul
Scherrer Institut in Switzerland, the researchers used X-ray and neutron
scattering techniques to study the structure of the suspended microgels
and the degree of swelling in the large microparticles of the colloidal
crystals. The work confirmed that these larger particles had indeed de-
swollen, even at concentrations far larger than those initially used by
Lyon's research team.

"The system is able to make point defects disappear, and the mechanism
we have proposed allows us to understand why this occurs," said
Fernandez-Nieves. "What we have proposed is a mechanism to explain
what we see happening, and we think this is a general mechanism that
could potentially apply to a wider range of soft particles."

As a next step, the research group expects to determine the ionic
structure to confirm what the existing research has suggested. Fernandez-
Nieves believes the work will generate more research with soft particle
suspensions, for both experimentalists and theoreticians.

"There is indeed much more theory and simulation work needed to
confirm what we propose and to fully understand how this self-healing
process occurs," he said. "This principle could be at play in a large
number of contexts, including biological systems, in which there is a
subtle balance between rigidity, osmotic pressure and ionic balance. This
is a mechanism that doesn't really involve the other particles in the
assembly. It involves the ions."

Lyon, now dean of the Schmid College of Science and Technology at
Chapman University, believes the findings might go beyond creating
better colloidal systems to provide insights into how living cells operate.

"By obtaining a deeper insight into microgel assemblies, we may be able
to take advantage of the subtle energetic balances that determine the
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overall structures to create more complex, defect-tolerant assemblies,"
he said. "The physics we uncovered here could be relevant for other
crowded, soft-materials systems, such as the interior of the eukaryotic
cells. Perhaps an extension of this knowledge will provide a better
understanding of how the interior of a cell is organized, and how
material is transported through this complex and crowded environment."

  More information: Self-healing colloidal crystals: Why soft particles
feel the squeeze, PNAS, 
www.pnas.org/cgi/doi/10.1073/pnas.1516011113
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