UC Irvine scientists create material
that can take the temperature of
nanoscale objects

The technology can track small temp changes in electronic devices, biological cells.
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With the help of a microscope, UC Irvine postdoctoral scholar Dmitri Cordova
inspects a sample of the crystal that the lab of Professor Maxx Arguilla used to
discover the new nano-scale thermometers.
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Irvine, Calif., Aug. 14, 2024 — University of California, Irvine scientists recently
discovered a one-dimensional nanoscale material whose color changes as
temperature changes. The team’s results appeared in Advanced Materials.

“We found that we can make really small and sensitive thermometers,” said Maxx
Arguilla, UC Irvine professor of chemistry whose research group led the study. “It's
one of the most applied and translatable works to come out of our lab.”

Arguilla likened the thermometers to “nano-scale mood rings,” referring to the
jewelry that changes color depending on the wearer’s body temperature. But instead
of simply taking a qualitative temperature reading, the changes in the color of these
materials “can be calibrated and used to optically take temperature readings at the
nanoscale,” Arguilla said.

“The need to measure temperature is important because a lot of biological and
industrial processes depend on tracking minute changes in temperature,” he added.
“We may now have thermometers that we could try poking into the cells.”

According to Dmitri Cordova, a postdoctoral scholar in Arguilla’s group, the optical
thermometers can also potentially measure the temperatures and assess the
efficiencies of micro- and nano-electronics, including circuits and data storage
devices. Industries already have optical thermometers they use when fabricating
computer components, but the team’s new material is “at least an order of
magnitude more sensitive,” Cordova said.

The breakthrough happened when Cordova and colleagues grew crystals in their lab
that, at nanometer length scales, resemble helical “slinkies.” They grew the crystals
at first so they could subject them to heat stress to see at what temperatures the
crystals disintegrate.

Cordova and undergraduate researcher Leo Cheng noticed that the colors of the
crystals systematically shifted from yellow to orange, depending on the
temperature.

The team then took precise measurements of the temperature range the colors
corresponded with, and they found that light yellow colors corresponded to
temperatures around -190 degrees Celsius, while red-orange colors corresponded to
temperatures around 200 degrees Celsius.


https://onlinelibrary.wiley.com/doi/10.1002/adma.202470162

“We spent a lot of effort trying to make sure the measurements were precise,” said
Arguilla.

To retrieve nanoscale samples of the material, the lab stuck a piece of adhesive tape
to bulk-scale crystals, peeled it back and transferred nanoscale samples stuck to the
tape onto transparent substrates.

“We can peel off these structures, and we can use them as nanoscale thermometers
that can be transferred, reconfigured and coupled with other materials or surfaces,”
said Arguilla.

Arguilla explained that the discovery is the first step toward discovering new classes
of materials to take temperature readings at nanometer scales.

Next, his lab plans to test other nano-scale materials to see if they can develop
thermometers that can measure a wider range of temperatures.

“We’'re now trying to hack the materials design rules to make even more sensitive
materials,” Arguilla said. “We’re trying to open the toolbox for optical thermometry
from the bulk scale down to the nanoscale.”

Co-authors include Yinong Zhou, Griffin M. Milligan, Leo Cheng, Tyler Kerr, Joseph
Ziller, and Rugian Wu. Funding came from the National Science Foundation through
the UC Irvine MRSEC, Center for Complex and Active Materials (Award No. DMR-
2011967).

UCI’s Brilliant Future campaign: Publicly launched on Oct. 4, 2019, the Brilliant
Future campaign aims to raise awareness and support for the university. By
engaging 75,000 alumni and garnering $2 billion in philanthropic investment, UCI
seeks to reach new heights of excellence in student success, health and wellness,
research and more. The School of Physical Sciences plays a vital role in the success
of the campaign. Learn more at https://brilliantfuture.uci.edu/uci-school-of-physical-
sciences/

About the University of California, Irvine: Founded in 1965, UC Irvine is a
member of the prestigious Association of American Universities and is ranked among
the nation’s top 10 public universities by U.S. News & World Report. The campus has
produced five Nobel laureates and is known for its academic achievement, premier
research, innovation and anteater mascot. Led by Chancellor Howard Gillman, UC


https://brilliantfuture.uci.edu/
https://brilliantfuture.uci.edu/

Irvine has more than 36,000 students and offers 224 degree programs. It's located
in one of the world’s safest and most economically vibrant communities and is
Orange County’s second-largest employer, contributing $7 billion annually to the
local economy and $8 billion statewide. For more on UCI, visit www.uci.edu.

Media access: Radio programs/stations may, for a fee, use an on-campus studio
with a Comrex IP audio codec to interview UC Irvine faculty and experts, subject to
availability and university approval. For more UC Irvine news, visit news.uci.edu.
Additional resources for journalists may be found at https://news.uci.edu/media-
resources/.
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