Intense NIR Photoluminescence Observed From PbS And PbSe Nanoclusters
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Motivation  

In the visible region the availability of organic dye molecules has enabled the efficient down-conversion of light and the technical realization of tunable dye lasers, amplifiers, saturable absorbers etc.which are key components of modern optoelectronics.  However, in the very attractive NIR communications band from 800-1500 nm there is a lack of materials which are efficient for down-conversion of visible light into invisible, NIR output.  For example, the longest wavelength organic laser dye, IR-26, which shows photoluminescence (PL) at 1170 nm, has a reported efficiency of only 1.8%, and must be pumped in a very narrow absorbance regime around 770 nm.  Narrow band gap semiconductor quantum dots, like PbS have strong absorbance throughout the region, 400-1100 nm, but little is known concerning their NIR PL properties.   These materials exhibit strong quantum confinement effects over a broader size range than other semiconductors due to their much larger excitonic radii (e.g., 46 nm for PbSe vs. 6 nm for CdSe).

Scientific Accomplishment

We have observed intense, tunable NIR light emission by controlling the key factors that determine the intensity of the PL for both PbS and PbSe nanocrystals grown by simple, room T metathesis in coordinating solvents like tetrahydrofuran (THF).  These factors are the Pb:S ratio during the synthesis, the chemical nature of surfactant ligand used during the growth, and the spontaneous annealing which occurs over a period of 1-2 weeks at room T.  The latter factor is critical to achieving the remarkably strong NIR PL observed in our samples.  The emitted power depends very sensitively on the quality of the cluster interface with the solution used for the growth, but only weakly on the size dispersion.  The annealing process in these clusters which are ~2 nm in diameter, appears to involve the surface diffusion of atoms in the cluster to achieve the lowest energy structure, which, in the presence of a well chosen organic ligand, results in an enormous NIR emission (~200-400x that of IR-26 when excited at 514 nm and measured using a calibrated InGaAs detector).  The PL output is linear in the pump power up to several hundred milliwatts, indicating a fast recombination of the photoinduced carriers

Significance

This is the first demonstration of the controlled, room T solution growth of PbS, and PbSe nanocrystals via simple, inexpensive ionic precursors in coordinating solvents and is based on our recent work on nanophosphors for visible light emission. The availability of such strong NIR emitters should enable a panoply of new applications in the communications range of 800-1500 nm (output tunable by the size and type of nanocluster). The simple, scaleable synthesis of these materials should allow their application as invisible light-emitting thin films in taggants, as well in anti-counterfeiting uses.  The emission of the materials occurs in the region of highest optical transparency for fiber optic communications, is energy tunable by size and material type, (see Figure), and may allow the development of NIR tunable light sources analogous to well known visible dye lasers and amplifiers.  In addition, since the absorbance in these materials is strong throughout the visible, the choice of pump source is less critical than for an organic dye.
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