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Photoluminescence Lifetime of PbSe Quantum Dots

Doped in Hexane at Room Temperature
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Institute of Intelligent Optoelectronic Technology, Zhejiang University of Technology, Hangzhou, Zhejiang 310023, China

Abstract The absorption and photoluminescence (PL) spectra of PbSe quantum dots (QDs) with different sizes
and doped in organic solvent—-hexane are measured by using the transmission electron microscopy (TEM), near—
infrared (NIR) absorption spectroscopy, fluorescence spectroscopy and time-resolved spectroscopy at room
temperature. An empirical formula of the first absorption—peak wavelength and PL-peak wavelength varying with
the size of QDs are obtained. The PL-lifetimes of PbSe QDs are determined by analyzing transient PL—decay curves.
It is shown that the lifetime depends on both the surface defect and the size of QDs. The widest distribution of the
lifetime ranges 1.44~11.96 ps, which can be deduced from two extreme conditions, i.e., the PL transition is only a
direct interband transition and/or only a defected state transition in the range of particle size used. On the other
hand, the PL lifetime is dependent weakly on the size of QDs, it will decrease with the increase of the particel size.
As an example, the averaged lifetime is among 7.17~6.72 ps for the QDs diameter in the range of 2.7~5.7 nm.
Key words materials; PbSe quantum dot; infrared absorption—-photoluminescence spectra; photoluminescence
lifetime; particle size
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Fig.2 Size distribution of No. 4 sample, the center diameter is 3.57 nm
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Table 1 Center diameter of QDs for NO.1~10 samples

Sample 1 2 3 4 5 6 7 8 9 10
Diameter /nm 275 3.02 3.36 3.57 3.98 4.1 4.28 473 52 4. 561
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Fig.3 Normalized absorption spectra (a) and photoluminescence (PL) spectra (b) of the QDs at different size
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Fig.4 First absorption—peak wavelength (a) and PL—peak wavelength (b) varying with the diameter of QDs
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Table 3 Data analyzing of PL lifetime of the samples
Sample b, 1% 7, /us ¢, 1% T, /us R T, /us
1 48.24 11.95951 51.76 2.2868 0.99826 6.953135
2 52.86 11.59077 47.14 2.22084 0.99761 7.173414
3 54.33 11.18953 45.67 1.82005 0.9981 6.910198
4 51.31 11.6116 48.69 1.83307 0.99786 6.850821
5 51.77 11.5394 48.23 2.28103 0.99702 7.073966
6 51.24 11.5249 48.76 1.9298 0.99829 6.839011
7 53.94 10.9877 46.06 2.0784 0.99836 6.883758
8 51.35 11.59831 48.65 1.90454 0.99762 6.881878
9 53.98 11.0333 46.02 2.05903 0.99784 6.902974
10 57.65 10.5979 42.35 1.44252 0.99787 6.720302
Sh4 32 3, 0L S T SE I RHE HEAT B LA RT3 5O F i 5 R AR 2 ) 2 K () TR M R
L =7.2537-0.082d 2.7<d<5.7). (7)
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Fig.5 Transient PL decay curves. (a) Primary data of each sample; (b) fitting of each sample
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