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Pressure-resistance of M agic-sized Cadmium Selenide Nanocrystals
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(State Key Laboratory of Superhard Materials, College of Physics, Jilin University, Changchun 130012, China)

Abstract: Exploration of pressure-resistant materials largely facilitates the operation under extreme conditions
where the stable structure and properties are highly desirable. Magic-sized nanocrystals (MSNs) are of great interest
due to their well-defined structure, ultra-small particle size, and precise atomic composition. Here, we reported the
colloidal synthesis of CdSe MSNs with a sharp first exciton absorption peak at 463 nm. The corresponding
photoluminescence (PL) spectrum exhibited a very narrow full width at half-maximum (FWHM) of about 13 nm. In
situ high-pressure evolutions of PL and absorption unambiguously indicated that the peak position of as-prepared
CdSe MSNs kept nearly unchanged with the pressure increasing. This behavior was completely different from
conventional materials upon the stimulus of external pressure. Furthermore, the decompressed samples retained the
original structure and morphology of CdSe MSNs. The properties of good pressure resistance of the CdSe MSNs are
reflected in the process of pressurization, which improves the research of the magic-sized materials under extreme
pressure.
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Fig. 1

(a) Absorption spectra of time-temperature evolution of CdSe MSNs samples dispersed in toluene, (b) normalized absorption

spectrum (black line, left y-axis) and emission (red line, excitation wavelength 355 nm, right y-axis) of CdSe MSNs obtained at
200 ‘C/6 min, and (¢) schematic of crystal structure of CdSe in wurtzite (from three different directions of a, b and ¢, respectively)
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Fig. 2 (a) HRTEM image of CdSe MSNs with (b) corresponding
selected area correlation pattern of the square in (a), (c¢) FFT-
HRTEM image of CdSe MSNs, and (d, e) elemental mapping
images of CdSe MSNs
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Fig. 3 (a) High pressure photoluminescence spectra of CdSe MSNs, and (b) comparison of photoluminescence
spectra of CdSe MSNs before and after compression (1 atm=101325 Pa)
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Fig. 4 (a) Insitu high pressure UV-Vis absorption spectra, (b, ¢) band gap evolution of CdSe MSNs in the
process of pressurization and pressure relief, and (d) HRTEM image of CdSe MSNss after the pressure relief

r2.06 and 10 in (a) represent the pressure released to 2.06 GPa and ambient conditions
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