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• Lanthanide halide scintillators exhibit improved scintillation 
characteristics over conventional scintillators, such as NaI(Tl).

• Mechanical properties of these scintillators (brittle, low stress 
strength) pose serious manufacturing and application problems.

• Improving the mechanical strength of these scintillators will 
allow the performance benefits of these scintillators to be 
utilized in many fields, including homeland security and medical 
imaging.

Background



Objective

Utilize known methods of material strengthening to improve 
the mechanical strength of the lanthanide halide family 
of scintillators without significantly altering their 
scintillation properties.

Methods:

1. Particle Inclusion

2. Work Hardening

3. Alloying

a. Isovalent (e.g. Ce3+ → La3+) 

b. Aliovalent (e.g. Ce3+ → Cd2+) 



Isovalent Alloying

- Strengthening effect related to:

1. Differences in ionic radii, i.e. greater difference yields a 
stronger alloy for a given concentration.

2. Concentration of isovalent species, typically a parabolic 
relationship.

- Typically requires a large fraction of substitution, ~10% 
or greater. Maximum effect near 50% normally.



Aliovalent Alloying

- Strengthening effect related to:

1. Differences in ionic radii.

2. Differences in valence state.

3. Square root dependence on concentration.

- Typically requires only a small fraction of substitution, on 
the order of 100 – 1000 ppm.



Isovalent alloying

-Short range elastic strain

Aliovalent alloying

-Longer range effect

Comparison

See for instance: T. Mitchell and A. Heuer, 
Mat. Sci. Engg. 28 (1977) 81-97.

+



Figure from: Kataoka, T. and T. Yamada, Jap. J. Appl. Phys. 16 (1977) 1119-1126.

Isovalent Example

- Order of magnitude 
increase in CRSS 
requires ~30-40% 
molar concentration.
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Figure from: Sinha, M.N. and P.S. Nicholson, J. Mat. Sci. 12 (1977) 1451-1462.

- Order of magnitude increase in 
CRSS requires less than 300ppm!

Aliovalent Example

Y3+ in CaF2



Experimental Procedure

1. Select isovalent and aliovalent elements to alloy CeBr3 with.

2. Prepare small (~0.5g) samples of each alloy.

a. Isovalent – 10% molar (nominal)

b. Aliovalent – 1% molar (large excess)

3. Observe fluorescence under hard UV excitation. 

4. Measure fluorescence spectrum of each.

5. Determine whether each alloy scintillates. 

6. Eliminate alloys that greatly alter the wavelength of the emitted light or do 
not scintillate.

7. Further investigate remaining alloys.



Scope of Investigation

Base cation
Isovalent cations

Aliovalent cations

Base anion
Isovalent anions



Base cation
Isovalent cations

Aliovalent cations

Base anion
Isovalent anions

Scope of Investigation



Hard UV Fluorescence

10% Al3+ 10% Ga3+ 10% Sc3+ 20% Y3+Pure 1% CdCl2

1% Cd2+Pure 1% Zn2+ 1% Ca2+ 1% Sr2+

1% Zr4+ 1% Pb2+ 10% In3+ 10% I-1% Hf4+



Emission Spectra



Isovalent Spectra
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Aliovalent Spectra

N
o

rm
a

li
z
e

d
 R

e
s

p
o

n
s

e



Results

Base cation
Isovalent cations

Aliovalent cations

Base anion
Isovalent anions



Future Work

• Grow single crystal samples of each successful 
alloy with various dopant concentrations.

– Measure absolute light yield and proportionality of 
light to energy deposition curve.

– Measure mechanical strength vs. concentration.
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