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IIntrodductionn  

Quantum dots (QDs) are semiconductor particles of varying 
nanometre sizes with tuneable photoluminescent (PL) 
properties. Their wide appeal in sensing modalities has been 
explored for applications ranging from the enhancement of 
silicon photodetectors, cortisol sensing, fluorescence-guided 
surgery to wastewater processing, even extending into the NIR 
due to their exceptional brightness. 1–4 Fluorescence imaging in 
the near-infrared (NIR) is an attractive modality for biological 
samples due to the low attenuation of light in this spectral 
window and increased tissue penetration.4  

Lead sulfide (PbS) QDs have been utilised for non-invasive 
deep-tissue imaging of living mice.5 Their tuneable emission 
characteristics are controlled by capping with amphiphilic 
molecules, which support the stabilisation of small-sized 
nanoparticles, preventing uncontrolled growth.6  A complete 
photophysical characterisation is required to aid in the
development of brighter PL probes and optimise their 
functionality. In this application note, PbS QDs are fully 
characterised; with spectral, quantum yield, and PL lifetime 
determination, using the FLS1000 Photoluminescence 
Spectrometer.

MMaterialss andd MMethodss  

PbS quantum dots were acquired from Quantum Solutions. 
Dispersions were prepared in tetrachloroethylene (PCE) 
(anhydrous, Sigma). Samples were loaded into 10 mm 
pathlength 4-sided quartz cuvettes. The DS5 UV-Vis 
Spectrophotometer was used to measure the absorption 
spectrum of the PbS quantum dots. PL characterisation was 
carried out using the FLS1000 Photoluminescence 
Spectrometer (Figure 1). 

Figuree 1. FLS1000 Photoluminescence Spectrometer.

The FLS1000 was equipped with a 450 W Xenon Lamp, single 
excitation and single emission monochromators and a photon 
counting liquid nitrogen-cooled (LN2) PMT-1700 NIR detector. 
For lifetime measurements, the system was equipped with 
multi-channel scaling (MCS) single photon counting lifetime 
electronics and an HPL-670 pulsed diode laser. The sample 
was held in the standard cuvette holder for spectral and lifetime 
measurements, and an integrating sphere was used to 
determine the quantum yield.

AAbsorptionn andd Emissionn Spectra 

The absorption and emission spectra of PbS QDs were 
measured using the DS5 and FLS1000, respectively, and 
shown in Figure 2. The absorption spectrum shows strong 
absorption in the visible that decreases towards longer 
wavelengths, followed by an absorption peak in the NIR at 
1050 nm. Due to the absorption peak at 1050 nm, the sample 
absorbance was kept below 0.10 at 1050 nm to minimise 
reabsorption effects on the rising edge of the PL spectrum.

FFiguree 2. Absorption spectrum for PbS quantum dots in PCE measured on the 
DS5 from 500-1100 nm (black). Normalised emission spectrum for PbS 
quantum dots in PCE (red). The emission spectrum was collected following 
excitation at 670 nm.

QQuantumm Yieldd  

The photoluminescence quantum yield (PLQY) of the NIR dots 
was measured using an integrating sphere (Figure 3). The 
Integrating sphere enables the quantum yield of solid and 
liquid samples to be measured without a reference sample of 
known PLQY. This is particularly advantageous in the NIR 
where there are no reference standards. 
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FFiguree 3. Operating principle of an integrating sphere for absolute PLQY. 
Excitation light is shown in blue, and PL in red.

FFiguree 4. Spectra for calculating the PLQY of PbS quantum dots in PCE (red) and 
solvent blank (black). Negative and zero values are displayed as 1 on a 
logarithmic plot. The range integrated for the scattering peak is highlighted in 
teal, and the integration range for the emission peak is highlighted in blue.

Spectra of the scatter and photoluminescence of the PbS QD 
cuvette and a cuvette containing the PCE solvent (blank) were 
acquired using the FLS1000 (Figure 4). 

By calculating the ratio of the integrated intensity of the NIR 
emission to the integrated intensity of absorbed light at 670
nm, the PLQY can be determined using:

where E is the integrated emission intensity, and S is the 
integrated scattering intensity for the sample (S) and reference 
blank (R), respectively. Using the Fluoracle® quantum yieldwizard, 
the PLQY of the PbS quantum dots was determined to be 
49.9±0.2% with error calculated as the standard deviation 
across three repeats.

PPhotoluminescenncee LLifetime 

MCS is a photon counting technique for the determination of 
phosphorescent lifetimes over 10 ns. This makes MCS ideal for 
measuring the lived NIR emission from quantum dots. To 
measure the PL lifetime of the PbS dots an HPL-670 pulsed 
diode laser was used for excitation, and the PL decay collected 
at 1140 nm using MCS single photon counting (Figure 5). The 
decay curve is well-described as a single exponential decay with 
a lifetime of 1.5 μs.

FFiguree 5. Photoluminescence decay (1140 nm) of the PbS quantum dots 
acquired using MCS single photon counting with an HPL-670 for excitation at a 
100 kHz repetition rate, 10 μs pulse period.  Least squares tail fitting with one 
component is shown in red with a 2 of 1.15 and the residuals are shown in the 
lower panel.

CConclusionn  

The FLS1000 Photoluminescence Spectrometer was 
successfully used to evaluate the steady state and time-resolved 
luminescence properties of a sample of NIR emitting PbS 
quantum dots. The integrating sphere accessory for the 
FLS1000 was used to calculate the absolute quantum yield to 
be 49.9. Multi-channel scaling was used to measure the long-
lived PL lifetime of 1.5 μs using an HPL-670 for excitation.
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