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"Intelligent" materials that can respond to external stimuli are high on
the wish lists of many scientists because of their possible usefulness in
various applications from sensors to microrobotics. Canadian researchers
are working with polymer-based microgels that can swell and shrink. In
the journal Angewandte Chemie, they introduce tiny, stacked structures
of microgels whose optical properties change in response to light,
changes in pH value, or temperature. They can also detect nerve gases.

Gels are cross-linked molecules that can hold a liquid within their
"loops", which makes them swell up; microgels are "small" colloidally
stable gel particles. The microgels being investigated by Michael J. Serpe
and his team at the University of Alberta are swollen at temperatures

1/3



 

below 32 °C; at higher temperatures they collapse and shrink. The
researchers used these materials to make small stacked structures called
etalons: they enclosed a whisper-thin layer of microgel between two thin
layers of gold. When the gel swells up, the two sheets of gold move
farther apart, when it shrinks they get closer to each other. The optical
properties of the stack change significantly as the distance between the
gold layers changes, meaning that they "respond" to a change in
temperature.

However, the goal is to make the gels react to other stimuli besides
temperature. The researchers thus also incorporated triphenylmethane
leucohydroxide (TPL) into their microgels. This substance is a true jack-
of-all-trades that makes the microgels receptive to a variety of stimuli.
Now irradiation with red laser light, which is absorbed by the TPL, leads
to a local rise in temperature within the microgel, which causes the
distance between the gold layers to decrease. In contrast, irradiation with
UV light excites the TPL molecules so that they dissociate into leuco
cations and hydroxy anions. The charges of these ions cause the microgel
to absorb additional water—increasing the distance between the gold
layers. These effects make the microgel stacks interesting for the
production of adjustable optical components. Another possible
application is for drug delivery with remote triggering: when a diseased
area of the body is irradiated with high-wavelength light through the
skin, the drug contained in the transporter can be released selectively in
only the desired location.

The microgel also reacts to a change in pH value: an acidic pH causes the
formation of leuco cations, whose positive charge causes the gel to swell
by taking up water. If the pH is raised back up, the microgel shrinks.
This could be used for the selective release of antitumor drugs because
tumors often have a somewhat different pH value than the surrounding
tissue.
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Interestingly, organophosphates react with TPL molecules, also forming
leuco cations. The resulting swelling of the microgel and changes in the
optical properties of the stacks could be used for the quantitative
detection of nerve gases like tabun.

  More information: Zhang, Q. M., Xu, W. and Serpe, M. J. (2014),
"Optical Devices Constructed from Multiresponsive Microgels." Angew.
Chem. Int. Ed.. DOI: 10.1002/anie.201402641
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