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Abstract: In this work, three nanofluids of perovskite nanocrystals with composition
CsPbBr;, CsPbBrislis and CsPbls; have been prepared. The evolution of emission
maximum peak with temperature within a biological range of temperature has been studied
through photoluminescent spectroscopy. The samples have been also characterized by
XRD and TEM. The results show a shift of the maximum to higher wavelength in the case
of CsPbBr3 and CsPbls, and to lower wavelength in the case of CsPbBrsl15. A ratiometric
method has been applied to study the evolution of PL peaks intensity ratio with
temperature. These results open a field where nanofluids based on this type of compounds

can be used as a thermometer with application in biology.
Introduction/Background:

In biological environment, the precise determination of temperature at micrometric level is
vital for new diagnosis processes and treatments. In this sense, the development of the
luminescence thermometry based on luminescent nanofluids can be a research line of

great interest.
Discussion and Results:

For this study, three nanofluids of perovskite nanocrystals, with formula CsPbBrs,
CsPbBr1sl15 and CsPbls, using anhydrous toluene as a base fluid, were prepared following
a hot injection method described by Protesescu et al [1]. In this method, a solution with
caesium oleate, caesium carbonate, oleic acid and octadecene was prepared. Another
solution composed by lead halide salt (bromide, iodide or a mix of both) and octadecene
was prepared. Both solutions were dried previously at 120 °C in vacuum. For the complete
solution of the halide salt, oleylamine and oleic acid were added at 130 °C. Once dissolved,

the temperature was raised to 150 °C and caesium oleate was rapidly injected. After 5 s,
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the flask was immersed in an ice bath to stop the reaction. The obtained crude was
centrifugated twice at 0°C and part of the precipited nanocrystals were dispersed in
anhydrous toluene to obtain the nanofluid. The rest was dried and used for
characterization. In the Figure 1, the crudes obtained before centrifugation, and the
prepared nanofluids are presented. As can be seen, the samples present luminescence

under exposure to UV light (A = 365 nm).

Figure 1. Crudes and nanofluids as prepared and under UV light. (A) CsPbBrs, (B)
CsPbBrislis and (C) CsPbls;

The characterization of the samples consisted in powder X-Ray Diffraction, High
Resolution Transmission Microscopy, Energy Dispersive X-ray Spectroscopy and

Photoluminescent Spectroscopy (PL).

Figure 2 shows the XRD patterns of the nanocrystals synthesized. As can be observed in
Figure 2A, CsPbBrs crystallizes in the orthorhombic system as the CsPbBrsl1.5 perovskite
(Figure 2B). The CsPbls (Figure 2C) instead, crystallizes in the cubic system but in less
than 24 hours suffers a phase change to the orthorhombic system. This is due to the
thermodynamic instability of the cubic phase in this compound. The peaks marked with an
asterisk are from the halide salts due to decomposition or bad solution of these salts. Also,
the small size of the nanocrystals synthesized led to a low signal/noise ratio in the XRD

patterns.
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Figure 2. XRD patterns of the nanocrystals synthesized. (A) CsPbBrs3, (B)
CsPbBrislis and (C) CsPbils.

Figure 3 shows, as an example, the HR-TEM and EDS corresponding with CsPbBr; and

CsPbls nanocrystals, respectively. As can be observed, in both samples, the nanocrystals
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show a crystalline rectangular/square shape with a size smaller than 20 nm. The EDS
spectra confirm the composition of both type of nanocrystals.

Figure 3. HR-TEM image and EDX from (A) CsPbBr; and (B) CsPbls.

To study the evolution of the luminescent emission of the nanofluids with temperature, PL
spectroscopy was applied to the three nanofluids at different temperatures, waiting 30
minutes at the setting temperature before the measurement with a thermalization purpose.
The excitation was at 377 nm. In Figure 4, the normalized PL spectra of the three
nanofluids at different temperatures are shown. All nanofluids presented two emissions
bands, a less intense one centred at 425 nm approximately and an intense one centred at
520, 530 and 690 nm, respectively in function of the content in iodide. The nanofluids with
CsPbBrs; and CsPbls nanocrystals showed a shift of 1 nm toward higher wavelength while
the CsPbBrislis experimented a shift towards lower wavelength. So, the emission is
influenced by temperature. To establish a relation between emission and temperature, a
ratiometric method was applied. Figure 5 shows the linear expressions obtained from the
logarithm of the intensities ratio of the emission bands (those observed at about 425 nm,
and those at higher wavelength for the three nanofluids) and the inverse of temperature.
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Figure 4. Normalized PL spectra of the three nanofluids at different temperatures.
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Figure 5. Ratiometric method applied to the PL spectra of the three nanofluids.

As can be observed in Figure 5, the nanofluids with CsPbBrs and CsPbBrislis
nanocrystals present the best fits, specially that based on CsPbBr1sl15 nanocrystals, so
these nanofluids could be used as thermometer in a biological media. The nanofluid with

CsPbls nanocrystals presented the worst fit due to the instability of this compound.

Summary/Conclusions:

Three nanofluids with perovskite nanocrystals of different chemical composition have been
prepared. All of them are luminescent, showing two emission bands, and a shift of emission
at higher or lower wavelength with temperature in function of composition. A ratiometric
method has been applied to establish a relation between the ratio of bands’ emissions and
the inverse of temperature. CsPbBr1sl15-based nanofluid shows the best results to be used

as temperature probe in a biological environment.
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