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Fluorescence Lifetime Cellular Temperature Sensing
Using Carbon Quantum Dots

Shingo SOTOMA*

Temperature significantly influences biomolecular structures and enzymatic activities, making accurate
intracellular temperature measurement essential for understanding biological phenomena. Carbon quan-
tum dots (CQDs) were developed as low-toxicity, photostable thermometers that combine with fluorescence
lifetime imaging microscopy (FLIM) to achieve non-invasive, precise intracellular temperature sensing.
CQDs were synthesized using a hydrothermal method with 1,4-diaminoanthraquinone and L-cysteine
(180°C, 12 hours). They exhibited strong fluorescence at 450-550 nm, and temperature-sensitive fluo-
rescence lifetimes with a sensitivity of —1%/°C. CQDs demonstrated high environmental stability across
pH, ionic strength, and protein-rich conditions. Using FLIM, intracellular temperature changes in HeLa
cells were successfully measured.
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