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Summary

Non-invasivetemperaturesensingis necessaryfor the analysisof biological

processesoccurringin the humanbody including cellular enzymeactivity, protein

expression,and ion regulation. Considering that a variety of such biological

processesoccurat themicroscopicscale,a mechanismallowing for thedetectionof

the temperaturechangesin microscopicenvironmentsis desired. Although several

suchtechniqueshavebeendevelopedinvolving nanomaterials,thereis still a need

in deterministicnon-invasive biocompatibleapproachallowing for temperature

measurementsbothoutsidethecellsandin theintracellularcompartments. Herewe

developa novel approachutilizing graphenequantumdots (GQDs) as agentsfor

suchdetection. Becauseof their small2-5 nm size,non-invasiveopticalsensitivity

to temperaturechangeand high biocompatibility, GQDs enablebiologically safe

sub-cellular resolution imaging. Both bottom-up synthesizednitrogen-doped

graphenequantumdotsandquantumdotsproducedfrom reducedgrapheneoxide

via top-down approachin this work exhibit temperature-induced fluorescence

variations used as sensingmechanism. Distinctive quenchingof quantum dot

fluorescenceby up to 19.8 % is observed,in a temperaturerange from 25ᴈ
to 49ᴈ, in aqueoussolution,while theintensityis restoredto theoriginal valuesas

thetemperaturedecreasesbackto 25ᴈ. A similar trendis observedin vitro in HeLa

cells as the cellular temperatureis increasedfrom 25ᴈ to 41ᴈ. Our findings

suggestthat the temperature-dependentfluorescencequenchingof bottom-up and

top-down-synthesizedgraphenequantumdotscanserveasnon-invasivereversible

deterministic mechanismfor temperaturesensing in microscopic sub-cellular

biologicalenvironments.

The purpose of this experiment is to explore the use of graphene quantum-dot

derivatives as intracellular intensity luminescence nano-thermometers. Also, this

experiment served to answer if the graphene quantum-dots displayed reversible

photoluminescentquenchingasintensity luminescencenano-thermometers.

ÅN-GQDs and rGQDs show fluorescencequenchingas the temperature

of theenvironmentincreases.

ÅQuenchingis linear and reversible: temperaturecan be deducedfrom

intensity.

ÅUV-Vis absorbancedoesnot dependon temperature; NIR absorbance

~900nm increases

ÅNear-infraredrGQD emissionshowstemperaturedependence: potential

for in vivonanotermometry.

ÅFluorescence/temperaturedependenceis retainedin vitro in HeLa cells

within biologicaltemperaturerange.

ÅN-GQDs and rGQDs are promising intracellular imaging-based

temperaturesensors.

ÅInsulated Microscopy Thermal Device: Modeled with AutoDeskPro. and 

engineered by TCU Engineering specialists.

ÅThermoelectrical Peltier Modules were used as a heat source due to their 

compact size, heating rate, and controllability.

ÅCopper is used for its thermal conduction properties.

ÅThermal paste adheres modules to copper surface.

ÅCover slips, with sample sealed between them, are placed below copper.

ÅA thermistor is placed next to the cover slipsðthermal paste adheres thermistor 

to copper.

ÅTo control potential, a DC power supply is connected to the module.

ÅThermocouple is used for temperature readings.

Purpose

Å Fluorescencedecreaseslinearly with increasein temperature.

Å Spectralshapeis retainedandquenchingis reversible.

Å UV-Vis GQDabsorbanceshowsno temperaturedependence.

Å Near-infraredabsorbancefeatureshowsreversibleincreasewith temperature.
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