
 

Stripes in a flowing liquid crystal suggest a
route to 'chiral' fluids

January 8 2024, by Jennifer Chu

  
 

  

MIT engineers observed that a liquid crystal’s orderly microstructures will
spontaneously assemble into large, twisted structures (pictured) when the liquid
is made to slowly flow. Credit: Massachusetts Institute of Technology

Hold your hands out in front of you, and no matter how you rotate them,
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it's impossible to superimpose one over the other. Our hands are a
perfect example of chirality—a geometric configuration by which an
object cannot be superimposed onto its mirror image.

Chirality is everywhere in nature, from our hands to the arrangement of
our internal organs to the spiral structure of DNA. Chiral molecules and
materials have been the key to many drug therapies, optical devices, and
functional metamaterials. Scientists have until now assumed that
chirality begets chirality—that is, chiral structures emerge from chiral
forces and building blocks. But that assumption may need some retuning.

MIT engineers recently discovered that chirality can also emerge in an
entirely nonchiral material, and through nonchiral means. In a study 
published January 8, 2024, in Nature Communications, the team reports
observing chirality in a liquid crystal—a material that flows like a liquid
and has non ordered, crystal-like microstructure like a solid.

They found that when the fluid flows slowly, its normally nonchiral
microstructures spontaneously assemble into large, twisted, chiral
structures. The effect is as if a conveyor belt of crayons, all
symmetrically aligned, were to suddenly rearrange into large, spiral
patterns once the belt reaches a certain speed.

The geometric transformation is unexpected, given that the liquid crystal
is naturally nonchiral, or "achiral." The team's study thus opens a new
path to generating chiral structures. The researchers envision that the
structures, once formed, could serve as spiral scaffolds in which to
assemble intricate molecular structures. The chiral liquid crystals could
also be used as optical sensors, as their structural transformation would
change the way they interact with light.

"This is exciting because this gives us an easy way to structure these
kinds of fluids," says study co-author Irmgard Bischofberger, associate
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professor of mechanical engineering at MIT. "And from a fundamental
level, this is a new way in which chirality can emerge."

The study's co-authors include lead author Qing Zhang Ph.D. '22,
Weiqiang Wang and Rui Zhang of Hong Kong University of Science and
Technology, and Shuang Zhou of the University of Massachusetts at
Amherst.

Striking stripes

A liquid crystal is a phase of matter that embodies properties of both a
liquid and a solid. Such in-between materials flow like liquid, and are
molecularly structured like solids. Liquid crystals are used as the main
element in pixels that make up LCD displays, as the symmetric
alignment of their molecules can be uniformly switched with voltage to
collectively create high-resolution images.

Bischofberger's group at MIT studies how fluids and soft materials
spontaneously form patterns in nature and in the lab. The team seeks to
understand the mechanics underlying fluid transformations, which could
be used to create new, reconfigurable materials.

In their new study, the researchers focused on a special type of nematic
liquid crystal—a water-based fluid that contains microscopic, rod-like
molecular structures. The rods normally align in the same direction
throughout the fluid. Zhang was initially curious how the fluid would
behave under various flow conditions.

"I tried this experiment for the first time at home, in 2020," Zhang
recalls. "I had samples of the fluid, and a small microscope, and one day
I just set it to a low flow. When I came back, I saw this really striking
pattern."
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She and her colleagues repeated her initial experiments in the lab. They
fabricated a microfluidic channel out of two glass slides, separated by a
very thin space, and connected to a main reservoir. The team slowly
pumped samples of the liquid crystal through the reservoir and into the
space between the plates, then took microscopy images of fluid as it
flowed through.

Like Zhang's initial experiments, the team observed an unexpected
transformation: The normally uniform fluid began to form tiger-like
stripes as it slowly moved through the channel.

"It was surprising that it formed any structure, but even more surprising
once we actually knew what type of structure it formed," Bischofberger
says. "That's where chirality comes in."

Twist and flow

The team discovered that the fluid's stripes were unexpectedly chiral, by
using various optical and modeling techniques to effectively retrace the
fluid's flow. They observed that, when unmoving, the fluid's microscopic
rods are normally aligned in near-perfect formation. When the fluid is
pumped through the channel quickly, the rods are in complete disarray.
But at a slower, in-between flow, the structures start to wiggle, then
progressively twist like tiny propellers, each one turning slightly more
than the next.

If the fluid continues its slow flow, the twisting crystals assemble into
large spiral structures that appear as stripes under the microscope.

"There's this magic region, where if you just gently make them flow,
they form these large spiral structures," Zhang says.

The researchers modeled the fluid's dynamics and found that the large 
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spiral patterns emerged when the fluid arrived at a balance between two
forces: viscosity and elasticity. Viscosity describes how easily a material
flows, while elasticity is essentially how likely a material is to deform
(for instance, how easily the fluid's rods wiggle and twist).

"When these two forces are about the same, that's when we see these
spiral structures," Bischofberger explains. "It's kind of amazing that
individual structures, on the order of nanometers, can assemble into
much larger, millimeter-scale structures that are very ordered, just by
pushing them a little bit out of equilibrium."

The team realized that the twisted assemblages have a chiral geometry: If
a mirror image was made of one spiral, it would not be possible to
superimpose it over the original, no matter how the spirals were
rearranged. The fact that the chiral spirals emerged from a nonchiral
material, and through nonchiral means, is a first and points to a relatively
simple way to engineer structured fluids.

"The results are indeed surprising and intriguing," says Giuliano
Zanchetta, associate professor at the University of Milan, who was not
involved with the study. "It would be interesting to explore the
boundaries of this phenomenon. I would see the reported chiral patterns
as a promising way to periodically modulate optical properties at the
microscale."

"We now have some knobs to tune this structure," Bischofberger says.
"This might give us a new optical sensor that interacts with light in
certain ways. It could also be used as scaffolds to grow and transport
molecules for drug delivery. We're excited to explore this whole new
phase space."

  More information: Qing Zhang et al, Flow-induced periodic chiral
structures in an achiral nematic liquid crystal, Nature Communications
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This story is republished courtesy of MIT News
(web.mit.edu/newsoffice/), a popular site that covers news about MIT
research, innovation and teaching.
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