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 Abstract: Quantum dots are three-dimensional nanoparticles of semiconductors 

with typical sizes ranging from 2 to 10 nm. Due to the quantum 

confinement effect the energy gap increase with the size decreasing 
resulting in size-depended and fine-tunable optical characteristics. 
Besides this, the energy structure of a quantum dot with a certain 

size is highly sensitive to environmental conditions. These specific 
properties open a wide range of applications starting from optical 
and optoelectronic devices and ending with biosensing and life 

science. Temperature is one of those parameters influencing strongly 
on the optical properties of semiconductor nanocrystals, which make 

them promising materials for temperature sensing, more often using 
a fluorescent response. Compared to the conventional organic dyes 
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already applied in this field, quantum dots exhibit a set of 

advantages, such as high quantum yield and photostability, long 
fluorescence lifetime, higher Stokes shift, and ability to surface 
functionalization with targeted organic molecules aimed to provide 

them biocompatibility. In this review, we briefly discuss the 
properties of II-VI and assumingly less toxic I-III-VI quantum dots, 

mechanisms of temperature-induced fluorescence response, and the 
feasibility of their practical application in the field of thermal sensing. 
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Introduction 

Semiconductor nanoparticles (NPs) of rather a small size or quantum dots (QDs) have 

optical properties that determine by quantum confinement, which causes a shift in the 

energy of the optical transition with the size of the crystal. Such nanomaterials have 

attracted considerable attention after the development of synthetic procedures allowed to 

prepare highly monodisperse, well-stabilized, and intensively emitting QDs [1-3]. 

QDs possess well-pronounced photoluminescence (PL) properties, namely higher 

luminescence quantum yields (approaching 90% for CdS and InP QDs), narrower wavelength 

distribution of the emission spectra, and less photobleaching compared to other types of 

fluorescent probes [4,5].  

The synthesis procedures as well as the energy structure determining absorption and 

Pl mechanisms in II-VI QDs are well developed and understood [6-9], therefore these NPs 

are already used as a good down-conversion material of LEDs [10], photodetectors [11], 

catalysts [12], in photovoltaics [13] and bioimaging [14]. However, the heavy metals 

included in their composition concern one about carcinogenicity and other chronic health 

risks, as well as disposal hazards. Therefore, Cd-, Hg- and Pb-free I-III-VI NPs, such as 

CuInS2 (CIS), AgInS2 (AIS), and their alloys and core/shell structures with Zn (ZCIS and ZAIS 

respectively) were developed [15-18] and proposed as a green alternative in WLEDs [19-21], 

photocatalysis [22] and biomedical application [23,24]. These ternary QDs with a defined 

size and size distribution are usually synthesized in colloidal solutions through the hot-

injection method, which provides an opportunity to control the growth rate and the 

formation of nuclei resulting in highly monodisperse material [25,26]. Both aqueous and 



Scientiae Radices, 2(2), 93-111 (2023) 
 

95 
 

organic media are suitable for CIS and AIS NPs preparation, however, it is obvious that 

water as a dispersant is preferable. In addition, QDs synthesized in an aqueous medium do 

not require further phase transfer and purification, which allows the avoidance of additional 

synthetic steps and energy consumption.  

The I–III–VI QDs are direct-band semiconductors (Eg near 1.87 eV) with a high 

absorption coefficient and widely tunable Pl spectral window covering the visible and near-

infrared (NIR) regions [24,27,28]. However, the origin and mechanism of the Pl of these NPs 

are still under discussion. Because of the absence of absorption peak, broad Pl spectra, and 

large Stokes shift (even as for QDs), it was suggested that their PL does not caused by 

exciton recombination (apart from II-VI QDs), but by recombination of carriers trapped with 

intragap levels formed by native point defects [29]. In general, ternary semiconductors are 

known to be able to accumulate intrinsic point defects due to the presence of two cations of 

different sizes and low energy of defects formation. The point is that the nature and 

concentration of defects in ternary QDs, as well as the nature and position of energy levels 

involved in the carrier’s recombination pathway depend on the composition of these 

materials. However, even with the absence of excitonic emission, these nanomaterials 

exhibit a noticeable Pl response to temperature fluctuations, making them a promising 

alternative to more toxic II-VI QDs in the field of temperature sensing. 

 

Discussion  

Mechanisms of temperature response of II-VI quantum dots fluorescence 

Due to the direct band gap and excitonic type of emission luminescence properties of 

II-VI QDs are highly sensitive to temperature fluctuation making them promising materials 

for online (one pot, in-situ) local noncontact thermal monitoring. The QDs band gap energy 

decreases with temperature increasing shifting the absorption and photoluminescence (Pl) 

maximum to the red spectral region [30-32]. Besides this, the Pl intensity decreases notably 

with temperature rise giving additional instruments for thermal sensing [33]. For 

temperatures slightly higher than the Debye temperature of the material (150 – 170 K for 

most of the II-VI semiconductors) this effect is associated mainly with exciton-phonon 

coupling affected by quantum confinement effect [34]. The temperature dependence of the 

Pl maximum followed by the band gap energy trend and can be fit well with the empirical 

Varshni equation [35]: 

Eg(T) =  Eg0 −  α
T2

T + β
 (1) 
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where Eg0 is the band gap energy at 0 K, β is Debye temperature of the material and 

α is the temperature sensitivity coefficient. Its analytical expression includes the effects of 

exciton-phonon coupling, quantum confinement, and thermal strain arising from the lattice 

thermal expansion and pressure of thermally expanded surrounding media [36]: 

αnano =  abulk +  2kb(Snano − Sbulk) +
h2π2

μRave
2 β + (

∂Eg

∂P
) [3B0(βenv − β)]                   (2) 

where αbulk is the temperature coefficient of bulk semiconductor, Snano and Sbulk is the 

Huang–Rhys factors for nanoscale and bulk semiconductor respectively, kb is the Boltzmann 

constant, Rave is the QDs average radius, μ is the reduced mass of the electron and hole, h is 

the Planck’s constant, β is the QDs temperature expansion coefficient, ∂Eg/∂P is a band gap 

variation due to changes in lattice pressure, B0 is the bulk modulus and βenv is the 

environment thermal expansion coefficient. 

Eq. 2 gives us a very important conclusion: the smallest QDs with the highest thermal 

expansion coefficient should possess the highest temperature sensitivity. It has been 

practically confirmed α inversely proportional to the QDs size making the smaller QDs more 

sensitive to temperature changes [36-38]. 

Increase of the Pl full width at the half maximum (FWHM) with temperature rise 

caused by both exciton-acoustic phonon and exciton-longitudinal optical phonon (LO) 

coupling while in temperature quenching of Pl (decrease of the Pl intensity) together with 

the thermal escape of carriers due to exciton-LO phonons coupling thermally activated 

nonradiative processes like surface/interface trapping plays an important role. Because the 

smaller QDs have a larger amount of surface traps due to a larger specific surface area they 

should also possess better Pl intensity-based sensitivity. The time-resolved measurement can 

also provide an instrument for QDs-based temperature sensing. Murphy et al. [39] proposed 

to consider the temperature dependence of the exited carriers' decay rate in terms of 

transition between a ground state and two excited states: a lower energy dark exciton state 

and a higher energy bright exciton state including the effect of carrier capturing by external 

trap states.  

In accordance with the selected temperature-depended property of QDs, there 

distinguish the next approaches to temperature measurement: “intensity luminescence 

thermometry”, “spectral position luminescence thermometry”, and “lifetime luminescence 

thermometry”. Nanothermometry can bring significant benefits in such area as micro/nano-

electronics, integrated photonics and biomedicine [40]. In principle changes in FWHM could 

also be used for sensing, but this approach is impractical due to the low magnitude of 

temperature induced broadening and domination of inhomogeneous type of broadening 

(caused by size and shape variation).  
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In the first case, QDs nano thermometers can provide the high-resolution 

temperature profile obtaining and detecting critically undesirable “hot spots” in microdevices 

that arise from local unpredictable resistance variation of very small conducting channels. 

Similarly to that getting knowledge of temperature singularities in integrated photonic 

devices is very important to provide its correct work taking into account the strong 

temperature dependence of the optical properties of their functional materials. Finally, many 

dynamic properties of biological systems (for example cell division rate and the rate of tissue 

growth) as well as optical and structural properties of biomolecules are highly sensitive to 

even small temperature variations. From an applied point of view nanothermometry is a very 

promising technic to detect cancer at an early stage when the number of cancer cells is 

about a thousand and the size of the tumor is yet invisible to traditional diagnostic methods 

(about 1 mm). Using QDs nanothermometers in biomedicine has an important advantage – 

they can be used within the biological optical window which provides the capability of deep 

tissue imaging. 

 

II-VI QDs intensity luminescence thermometry 

One of the earliest research exhibiting the principle of intensity luminescence 

thermometry was carried out by Walker et al. [41]. It demonstrated an appreciable, linear, 

and reversible (-1.3% per °C) change in Pl intensity of CdSe/ZnS QDs in poly(lauryl 

methacrylate) matrices for temperatures close to ambient conditions (250–315 K). In that 

narrow temperature range, the change of the other Pl parameters (blue shift of the emission 

band maximum and band narrowing) is negligible making the Pl intensity a preferential 

instrument for temperature deduction. 

 

Fig. 1. Pl spectra of CdSe/ZnS QDs in poly(lauryl methacrylate) matrices at different temperatures; 
insert – temperature dependence of the integrated Pl intensity [41]. 
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The great feasibility of this approach in spatiotemporally varying temperature fields 

relevant to hyperthermic thermal therapies was demonstrated by Han et al. [42]. Two types 

of CdSe/ZnS with Pl wavelength 620 and 665 were used to obtain the thermal images of 

human prostate cancer cells. At first, the quantitative imaging of the Pl QDs intensity change 

was obtained (Fig. 2a), and its intensity–temperature correlation in the range 10–70 0C was 

established via creating a temperature gradient of 5 0C/mm by thermoelectric module and 

obtaining the temperature profile (Fig. 2b).  

Then the cancer cells were incubated with CdSe/ZnS QDs and gold nanoparticles as a 

mediator of the heating procedure by excitation of plasmon resonance in it. The 

experimental setup for QD-mediated thermal imaging included the halogen lamp with blue 

additive filter (transmission wavelength less than 525 nm) to excite the QDs Pl, the NIR 810 

nm diode laser for plasmon resonance excitation, and the CCD camera with red additive filter 

(transmission wavelength more than 600 nm) connected with computer via a frame grabber. 

The heating of labeled cancer cells was carried out by a short laser beam excitation and the 

spatiotemporal thermal images with different time spots were obtained (Fig. 2c). The 

intensity-temperature conversion was conducted using a previously obtained empirical 

equation with the pre-determined calibration constants. Interesting that QDs with the shorter 

emission wavelength (most likely due to the smaller size) exhibited better temperature 

sensitivity because of the above-discussed reasons.  

 

 

Fig. 2. a) Fluorescence images of QD620 slide with different temperatures; b) QD fluorescence 
intensity change in a spatial temperature gradient; c) QD fluorescence images of cancer cells during 

cold nanoparticles mediated heating. QD fluorescence at the spot where the laser was focused 
decreases, and the dark spot grows in the radial direction with time [42]. 
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It should be noted that the high sensitivity of Pl intensity to the other environmental 

conditions (surface state of QDs, their concentration, pH of media or chemical presented as 

well as device/mode features e.g. power of the excitation source, photodetector sensitivity, 

integration time) requires a careful calibration of the temperature sensing system and make 

this approach more relevant for the relative assessment of temperature change. From this 

point of view, the wavelength (energy) of Pl maximum is the more acceptable parameter for 

temperature measurement and monitoring. 

 

II-VI QDs spectral position thermometry 

This approach is based on a linear relationship between temperature and Pl maximum 

spectral position in the temperature range above Debye temperature.  

Several works demonstrate the great capability to determine and map the 

temperature in nanoscale biological systems and optoelectronic devices via QDs Pl maximum 

shift [43-45]. The first results of QDs used as nanothermometers for high-resolution 

fluorescence thermal imaging were obtained by Maestro et al. [43]. The human carcinoma 

cells were incubated with the CdSe QD nanothermometers and imaged by two-photon 

fluorescence microscopy. The cell temperature was varied by micro-air-heater and a clear 

red shift of the QDs emission band was observed. 

 

Fig. 3. a) Schematic image of the experimental setup used to measure intracellular temperature 
through two-photon CdSe-QDs fluorescence; b) Two-photon fluorescence spectra of CdSe-QDs 

incorporated in a HeLa cell for two different temperatures (top); the intracellular temperature deduced 
from the spectral shift of the CdSe QDs emission obtained for different heating time (bottom); insert - 

two-photon excited fluorescence images of HeLa cells (superimposed with optical transmission 

images) [43]. 
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Using a calibration graph and recording the two-photon excited emission for different 

heating times authors measured intracellular temperature in real-time (Fig. 3). It has been 

demonstrated that two-photon excitation leads to a larger spatial resolution due to its 

nonlinear nature and provides better temperature sensitivity resulting in higher quality 

thermal images. Li et al. [46] demonstrated the local noncontact temperature measurement 

of a micro-heater on aluminum microwire using Pl shift of individual CdSe QDs. They 

observed the variation of Pl peak position from dot to dot due to their size, shape, and 

composition distribution giving a deviation of 2.4 nm for 71 QDs. Using the bootstrap 

statistical analysis they found the number of particles needed to achieve a certain precision 

in optical temperature readout. For example to achieve 1 °C precision it should be taken 

about 1200 particles that require a surface area of ∼355 nm in diameter to accommodate 

these particles (taking into account the presence of polymer layer and streptavidin on CdSe 

QDs surface).  

As mentioned above, the spectral sensitivity of quantum dots turns out to be size 

dependent. In some cases, Pl color changes can be seen by the naked eye. Fig. 4 shows a 

typical shift of the emission spectrum for CdTe nanoparticles and Fig. 5 shows the size 

dependence of the sensitivity. Spectral thermal sensitivity reaches values up to 1,2 meV/K. 

 

Fig. 4. Typical normalized PL spectra of the CdTe colloidal solution at different temperatures. The inset 
shows the shift of the luminescence peak (upper inset) and the temperature dependence of the Pl 

peak energy (lower inset) reprinted from [37]. 
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Fig. 5. The size dependence of the temperature sensitivity of CdTe quantum dots (the coefficient of 

determination is 0,99) reprinted from [37]. 
 

II-VI QDs lifetime luminescence thermometry 

Due to the high temperature sensitivity of QDs Pl decay rate and high reading rate 

(hundreds of points per second) the lifetime luminescence technique is a very promising 

approach for high-resolution thermal imaging. Haro-González et al. [47] investigated the 

temperature dependence of CdTe QDs Pl lifetime in the biological range 20–50 0C. It has 

been shown that temperature sensitivity increases by more than one order of magnitude 

(from 0.0008 up to 0.017 °C− 1) when the QDs size decreases from 7,8 to 1 nm (Fig. 6). To 

demonstrate the potential of the practical application of lifetime based technique authors 

have determined the thermal loading caused by tightly focused laser beams in microfluidics.  

 

Fig. 6. Pl decay curves: a) and Pl lifetime; b) of 1 nm and 7,8 nm CdTe QD at different temperatures 
[47]. 

 

Experimental data showed good agreement with theoretically predicted values 

demonstrating the ability of CdTe-QDs as lifetime-based nanothermometers.  
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One of the most challenging tasks in QDs luminescent thermometry is the reversibility 

of the QDs temperature sensors. Chen et al. [48] studied the effect of cyclic heating and 

cooling on the luminescent parameters (Pl intensity and wavelength) of CdSe/ZnS QDs and 

their PMMA composites. It has been shown that in the temperature range of 27–115 0C the 

first four cycles decreased the maximum of Pl intensity corresponding to the temperature 

minimum when its minimum was relatively independent of the cycle number. This suggests 

that the heating partially damages the QDs surface when the cooling recovers it. At a 

temperature higher than 310 0C the QDs structures destroy completely leading to irreversible 

changes in Pl properties. Recently Zhang et al. [49] developed the highly stable low toxic 

CdTe/ZnS-SiO2 core/shell nanocrystals exhibiting outstanding reversible linear temperature 

dependence of the Pl maximum in 22–80 0C temperature range. Obtaining the polymer films 

by spin coating of QDs dispersion with PDMS authors have demonstrated a very promising 

sensor for thermal monitoring of high-speed bearing rotating components, which has great 

potential for practical use. 

 

I-III-VI QDs as temperature sensors 

Even in the absence of excitonic emission I-III-VI QDs possess the temperature 

dependent on PL intensity, wavelength, and lifetime response, but its mechanism is still 

needed to be established. One of the explanations is that the thermally activated dissociation 

of metal-ligand complexes on the QDs surface is responsible for the Pl parameters changes 

during the heating-cooling of the system. As an example, Stroyuk et al. [50] reported a 

strong and reversible temperature dependence of the photoluminescence quantum yield and 

average PL lifetime of aqueous glutathione (GSH)-capped Ag−In−S and their core/shell 

AIS/ZnS heterostructures. Authors have shown that both core and core-shell QDs reveal 

strong PL quenching upon heating from 10 to 80 °C (Fig. 7a), which is completely reversible 

(Fig. 7b) upon cooling without any noticeable signs of aggregation of NPs or degradation of 

their emissive capacity. This observation indicates that Pl quenching is caused by the 

reversible process of activation/deactivation of some non-radiative relaxation pathways. 

Finally, it was assumed that these pathways emerge due to the thermally activated 

dissociation of metal-GSH complexes on the surface of the AIS NCs and the introduction of 

water molecules into the first coordination sphere favoring a non-radiative vibrational 

relaxation of the excitation energy. 
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Fig. 7. a) Pl spectra of AIS nanocrystals at different temperatures; b) PL QY of AIS QDs with 
temperature changing cyclically; c) temperature dependences of the PL band maximum energy 
decrement of GSH-capped NC ensemble dried on a glass plate (1), dispersed in aqueous colloid (2), as 

well as a fraction of the smallest AIS QDs obtained via size selective precipitation (3) and aqueous 
PEI-capped CdS NCs (4); d) PL lifetime as a function of the temperature of AIS QDs solution in a 
regime of heating (red squares) and cooling (blue squares)(50).  

 

The spectral position of Pl band of AIS NPs is also sensitive to temperature change 

shifting from 2.01 eV to 1.95 eV when temperature increase from 10 °C to 80 °C. This red 

shift of Pl wavelength is reversible as well and explained here mostly by a decrease of the 

spatial exciton confinement resulting from the thermally-activated dissociation of the surface 

Ag-GSH complexes, but a variation of the spatial exciton confinement arising from the 

thermal lattice expansion as well as the temperature dependence of the population of lattice 

defects and various recombination events are also not excluded. Other interesting 

observations are illustrated on Fig. 7c: first, the temperature sensitivity (slope of curves in 

coordinates “energy decrement – temperature”) is higher for QDs dispersed in water in 

comparison with those dried on the glass substrate, and second, the smaller QDs are more 

sensitive to the temperature fluctuation that the bigger one (fraction of NPs with a different 

size was obtained here by size-selective precipitation). The first observation indicates that 

the mechanism of the temperature-induced changes of the PL parameters of AIS NPs is 

different for aqueous colloids and in the case of dried samples. The second one confirms that 

the temperature sensitivity of Pl band position of AIS QDs is size dependent, as was shown 

previously for the CdTe nanocrystals [37]. 

Matsuda et al. [51] demonstrated a clear correlation between the temperature 

sensitivity of ZAIS nanocrystals and their composition. Three samples of ZAISx QDs with x 

ranging from 0,4 to 0,9 was synthesized and their Pl spectra were measured at 293–353 K 

a b

c d
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and an atmospheric pressure of 101 kPa. It was found that the temperature sensitivity of 

ZAIS decreased with increasing value of x (from – 1,15%/K at x = 0,4 to 0.92 %/K at x = 

0,9) and is even higher than the temperature sensitivity of CdSe/ZnS (−0.63 %/K) [41]. It 

was also demonstrated that the temperature sensitivity is independent of the excitation 

wavelength. Since the Pl spectra position of ZAIS QDs is either not affected by the excitation 

wavelength it was assumed that the carriers recombination always occurs from the same 

excitation energy state and the thermal quenching of Pl is a nonradiative process from this 

energetically excited state. Redshifts of 0.12 ± 0.07 nm/K were observed in both ZAIS x=0.4 

and ZAIS x=0.9 within the applied temperature range, and these values are comparable to 

previous studies of CdSe/ZnS wavelength sensitivity [32,41,46], which demonstrates the 

possibility to use ZAIS nanoparticles in spectral position thermometry. Moreover, it was also 

shown that the Pl parameters of ZAIS QDs are only slightly sensitive to the Oxygen pressure 

and these QDs possess higher photostability than CdSe/ZnS nanocrystals giving them more 

advantages for practical use. 

The composition of ZnxAgInSe QDs also affects greatly on their temperature 

sensitivity [52]. With the increase in the Zn/Ag ratio from 0,3 to 1, the emission intensity 

increased, as well as the change in the intensity corresponding to a given change in the 

temperature, indicative of high-sensitivity temperature sensing. Direct correlation between 

Zn/Ag ratio and temperature sensitivity of Pl wavelength was also observed and explained by 

the decrease of Huang-Rhys factor indicative of the enhancement of the electron-phonon 

coupling of QDs with Zn/Ag ratio of 1. 

Zhang et al. provided a great illustration of the application of CIS nanocrystals both in 

vivo and intracellular temperature sensing [53]. Firstly, the core–shell CuInS2/ZnS QDs were 

prepared in organic solvent and the thermal sensitivity of Pl intensity was estimated (3.4 

%/°C in n-hexan). Secondly, the QDs were encapsulated with polyoxyethylene stearate (PS) 

to obtain water-dispersible micelles. The temperature sensitivity of these QDs micelles 

decreased to 2.0%/°C; however, they proved to be resistant to environmental factors, such 

as ion concentration, pH, and protein concentration. The QD-micelles exhibit good 

reversibility without aggregation during repeated heating and cooling and only a little 

cytotoxic effect on HeLa and PC-3 cells. Moreover, the QD-micelle incorporated in cells 

showed good stability with preserving almost the same PL emission and temperature-

sensitive characteristics in cells as in solution, which guaranteed accurate intracellular 

temperature sensing of individual cells (Fig. 8). 
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Fig. 8. (A–F) Fluorescence microscopy images and overlap images (DIC and fluorescence images) of 

HeLa cells in the temperature range of 25 °C to 40 °C labeled with QD-micelles. (G) Pl intensity 
distribution at different temperatures; (H) Cell average fluorescence intensity at different 

temperatures [53]. 

 

Meanwhile, the authors successfully applied QD-micelles to the thermometry of tumor 

tissues. The PL emission close to the near-infrared region has a good tissue penetration of 

excitation/emission light and a high signal-to-noise ratio. Live animal experiments showed 

that the PL intensity of tumor tissues injected with QD-micelles varies linearly with 

temperature over the physiological temperature range and the thermal sensitivity is similar 

to that in solution, proving its good stability in vivo. Therefore, these highly sensitive and 

highly stable NIR-emitting QD-micelles have considerable potential in biomedical applications. 

 

Conclusions 

Due to the size-, shape-, and composition-depended optical characteristics of 

semiconductor nanocrystals, they play an essential role in nanotechnology and are 

irreplaceable in many fields (electronics, LEDs, lasers, solar cells, and luminescent 

concentrators production, biosensor and bioimaging and so on).  

Because of the high sensitivity of the QDs Pl parameters to the temperature 

fluctuations, they attract considerable attention as functional materials in the field of 

nanothermometry, providing high-resolution temperature profiles of micro-and photonic 

devices, where timely detecting of undesirable “hot spots” is very important to provide the 
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correct performance. On the other hand, many dynamic properties of biological systems as 

well as optical and structural properties of biomolecules are highly sensitive to even small 

temperature variations. In this case, a QDs nanothermometry is a very promising technic to 

detect cancer at an early stage when the number of cancer cells is about a thousand and the 

size of the tumor is yet invisible to traditional diagnostic methods (about 1 mm). Using QDs 

nanothermometers in biomedicine has an important advantage – they can be exited and 

detected within the biological optical window which provides the capability of deep tissue 

imaging.  

Both II-VI and I-III-VI semiconductor nanocrystals have a high potential for practical 

use, the latter one, however, is more promising in terms of reduced toxicity and 

biocompatibility. The mechanisms of temperature response, in this case, are still under 

discussion as well as the origin of their luminescence, depending not only on the size, by 

from the composition of the nanocrystal. 

From our point of view, the common issues restricting the mass implementation of 

these materials in the field of nanothermometry are related to the increase of reversibility 

and stability of Pl response under applied surrounding conditions, development of QDs 

materials with increased temperature sensitivity as well as improvement of procedures of 

utilization or excretion of QDs from the organism after being used.  

Unified approach on how to evaluate, and report thermal sensitivity and which units 

to use has to be developed. The absence of it makes it difficult to compare the results of 

different authors and to rank the performance of different materials. However, a set of 

advantages inherent to this class of materials inspires a steady increase of works regarding 

QDs luminescent thermometry. 
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