Characterisation of Liquid-Suspended Quantum Dots
for Radiation Detection
C. L. Grove, I. H. B. Braddock, M. P. Taggart, P. J. Sellin, C. Shenton-Taylor
Department of Physics, University of Surrey, Guildford, GU2 7XH, UK

Typical portal scanning radiation detectors employ plastic scintillators to effectively and inexpensively cover large areas. To optimise performance the scintillation spectral
range should correspond to the photodetector’s maximum sensitivity. Wavelength shifters can enhance this correlation but can be at the expense of scintillation efficiency.
Quantum dots have a tuneable emission wavelength based on material and radius which may maintain, or even improve, scintillation efficiency.
This work reports characterisation measurements of two different core/shell quantum dot materials: CdSe/ZnS and ZnCuInS/ZnS. In each case, the quantum dots were
dispersed in liquid toluene, at a concentration of 5mg/5ml, with the aim to find the most appropriate for future loading within a plastic scintillator.
The quantum dots were characterised by measurements of their photoluminescence and absorption. Emission and absorption maxima from photoluminescence and
absorption spectra were used to find Stokes Shifts in order determine whether quantum dot self-absorption would impact scintillation efficiency. An estimate of the quantum
dot radii has also been made through application of the Brus Equation.
Photoluminescence

Absorption and Stokes Shift

Brus Equation

Measuring emission spectra via photoluminescence (PL) was
important to assess wavelength matching between quantum dots and
coupled photodetector. A solid-state 405 nm laser was used for
photoexcitation. Quantum dot PL was collected by a QP400-2-SR-BX
Ocean Optics fibre and measured by a B&W Tek Exemplar
spectrometer.
The FWHM of the PL peaks varied between 30 nm and 100 nm for the
CdSe/ZnS and ZnCuInS/ZnS respectively. Although the brightness,
found by integrating the PL peak, did not vary between material.

Optical absorption spectra were measured to calculate the Stokes shift
and thus quantify quantum dot self-absorption. A small bandwidth of
light was shone through a sample by using a quartz tungsten halogen
lamp (Newport model 6334) and Bentham M300 monochromator.
Transmitted light was then collected by a Burr-Brown OPT301M silicon
photodiode.
CdSe/ZnS absorption spectra had more structure due its simple core
with defined electron transitions compared to ZnCuInS/ZnS. However
the Stokes shifts (Tables 1&2) of ZnCuInS/ZnS are ~10 times larger.

The Brus equation [1] can be used to describe quantum dot emission
energy (𝐸𝑄𝐷 ) as a function of the radius (𝑅) and its bulk material
properties; band gap (𝐸𝑔 ) and effective masses of electrons and holes
( 𝑚𝑒∗ , 𝑚ℎ∗ ). This is achieved by modelling the electron and hole
confinement as an infinite potential well, where ℎ is Planck’s constant.
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an estimate of CdSe/ZnS quantum dot core radii were obtained (see
Table 1). CdSe bulk material properties used were [2]: 𝐸𝑔 = 1.751 eV,
𝑚𝑒∗ = 0.13𝑚𝑒 , and 𝑚ℎ∗ = 0.45𝑚𝑒 where 𝑚𝑒 is the mass of an electron.
The radii of ZnCuInS/ZnS quantum dots could not be estimated as the
alloying composition of ZnCuInS is currently unknown thus bulk
parameters could not be determined.

Figure 1: Emission spectra of CdSe/ZnS quantum dots, normalised based
on integration time

Figure 3: Absorption spectra of CdSe/ZnS quantum dots, the absorption
maxima corresponds to the right most peak in each spectrum.

Figure 2: Emission spectra of ZnCuInS/ZnS quantum dots, normalised
based on integration time. The peak at 405 nm is due to the laser.

Figure 4: Absorption spectra of ZnCuInS/ZnS quantum dots, the
absorption maxima corresponds to the right most peak in each spectrum.

Table 1: Properties of CdSe/ZnS quantum dots investigated
Emission Maxima
Absorption
Stokes Shift (nm) Core Radius (nm)
(nm)
Maxima (nm)
527.0±1.5
567.0±1.5
599.9±1.5
632.1±1.5

509.3±1.4
553.0±1.4
584.7±1.4
618.8±1.4

17.7±2.1
14.0±2.1
15.2±2.1
13.3±2.1

2.49±0.02
2.93±0.03
3.44±0.04
4.21±0.06

Table 2: Properties of ZnCuInS/ZnS quantum dots investigated
Absorption Maxima
Emission Maxima (nm)
Stokes Shift (nm)
(nm)
563.8±1.5
576.8±1.5
611.1±1.5
660.9±1.5

410.7±1.4
449.2±1.4
454.2±1.4
485.0±1.4

153.1±2.1
127.6±2.1
156.9±2.1
175.9±2.1

The manufacturers of the quantum dots investigated, PlasmaChem,
have a datasheet of estimated quantum dot particle sizes [3]. This data
was used to confirm the radii calculated from the Brus equation (Figure
5). A broad agreement with PlasmaChem’s data can be found but only
when taking their quoted emission as absorption and diameters as
radii.
Therefore either PlasmaChem’s datasheet is incorrect or the Brus
equation with a infinite potential well confinement is a too simplistic
approach for estimating quantum dot radii.

Figure 5: Comparison between PlasmaChem data sheet of particle sizes
and radii found from emission maxima and the Brus equation.

X-ray Induced Luminescence
To determine the effectiveness of quantum dot X-ray detection an
experiment is planned to measure X-ray induced luminescence of
quantum dots. For variable X-ray current an Amptek Mini-X X-ray tube
has been chosen which allows for a voltage range of 10 – 50 kV and a
current range of 5 – 200 µA with maximum power of 4 W. The X-ray
tube will be directed towards a quantum dot sample and the
luminescence collected by an ET Enterprises 9256KB photomultiplier
tube (PMT). The current generated in the PMT will then be recorded by
a Keithley 487 picoammeter.

Conclusion

Figure 6: Picture of CdSe/ZnS quantum dots illuminated by a 460nm LED. The
quantum dots are in emission wavelength order going from left to right.

Figure 7: Picture of ZnCuInS/ZnS quantum dots illuminated by a 460nm LED.
The quantum dots are in emission wavelength order going from left to right.

The liquid screening process to choose the most appropriate quantum
dot material for plastic scintillator loading has indicated that the
cadmium-free ZnCuInS/ZnS are the most promising. This is due to their
large Stokes shift leading to less self-absorption, broad emission spectra
to match the wavelength range a photodetector is sensitivity at, and
lower expense meaning that higher mass loading can be achieved for
the same price as CdSe/ZnS.
X-ray induced luminescence measurements will be conducted in order
to assess the performance of quantum dot under X-ray irradiation.
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