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3.4 New Scintillating Materials for y-ray Detection and Spectroscopy
by M.Balcerzyk, Ph.D. dissertation (submitted)

Scintillators that are currently used and developed show imperfections in applications (Positron Emission
Tomography, fast y-ray detection and digital X-ray imaging). These flaws are low detection efficiency and
scintillation light output, long luminescence pulse, nonlinearity, afterglow and high a price. The aim of the
dissertation is to propose new, yet not existing, scintillating materials for y-ray detection and spectroscopy. The
proposal is based on research on existing compounds. To predict the usefulness of the newly proposed
scintillators, the phenomenological model of light output is presented. It is based on crystallographic properties
of double oxides (DO) doped with cerium. About 40 new potential scintillators in two groups are proposed. They
are based on DO of In2O3 and T12O3.

Luminescence and scintillation properties of YA103:Ce, Y3Al5012:Ce, ScPO4:Ce, YPO4:Ce, YbPO4:Ce,
LuPO4:Ce, Ce^a^F;, and ceramics of Lu2O3:Ce and Y2O3:Ce are presented. These materials are efficient and
fast scintillators in UV or visible light (Y3Al5012:Ce).. The exceptions are transparent ceramics of LujO^Ce and
Y2O3:Ce. They show only weak luminescence and scintillation. Besides aluminum DO, also boron DO are
efficient luminophors. That property gives special attention to the IIIB group in the periodic table of elements,
which contains indium and thallium. We have compared scintillation properties of scandium, yttrium, ytterbium
and Iutetium orthophosphates. They share the same crystallographic structure and phosphate group. Yb3+ ion is
optically active, since YbPO4 and YbPO4:Ce showed luminescence with doublet splitting characteristic to Yb3+.
YPO4 has moderate light output and LuPO4:Ce high. The excitation spectra of cerium luminescence and graphs
of light output vs. cerium concentration show that the scintillation mechanism is based on sequential carrier
capture by cerium ions. ScPO4 and ScPO4:Ce showed excitonic luminescence and a different scintillation
mechanism based on the transfer of energy from excitons to cerium ions. The analysis of data available in the
literature shows that transfer of energy from self-trapped excitons to cerium ions can explain scintillation
mechanism of scintillation in Ce^La^Fj. Ce^La,.^has low light output, too low for medical applications. The
fast component of the luminescence is connected with the transfer from cerium ions in regular crystallographic
sites to those in perturbed sites.
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Fig.l Calculated light output for scintillators doped with 0.1% Ce vs. 6-
radius (see text) for double oxides and predicted dependence of the
light uotput for indium and thallium compounds. Vertical lines
indicate compounds for which light uotput data and cerium
concentration are not available.

Crystallographic and light output data
at known cerium concentration on scintillators
has been collected for DO of aluminum
compounds, orthophosphates and orthosilicates.
These data were the foundation of a
phenomenological model of light output on
crystallographic data. We define the 5-radius as
the difference between the shortest distance
from the ion, for which cerium is substituted, to
the oxygen ion and the radius of the oxygen ion.
We postulate that when the cerium ion is put
into a site where 5-radius is substantially smaller
than Ce3+ ion radius, the light output of such a
scintillator is high. The 6-radius is a parameter
of the model. Figure 1 shows known light
output data vs. 6-radius and the calculated light
output for newly proposed scintillating
compounds based on In2O3 and T12O3. For In3+

and Tl3+. We predict high light output for
compounds containing indium and low light
output for the compounds containing thallium.
However, thallium compounds will have much
higher detection efficiency than indium
compounds. The new compounds will have an
important use in Positron Emission
Tomography, digital X-ray detection in dentistry
and mammography and y-ray detection.


