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Isotope loading strategies: 

• Direct dissolution using organic ligands

• Emulsion of metal-loaded water in 
scintillating oil (inverted WbLS)

• Dispersion of nanoparticles

Liquid scintillator formulating:

• Insensitive scintillating dyes/solvents

Isotope loading routes for liquid scintillators
How do we maximize/optimize isotope (e.g., Te, Mo) loading while 
minimizing impact on liquid scintillator performance? 

Ding, Y-.Y. et al., NIMA 2023
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Direct dissolution into LS (or dissolution with 
incorporation of an appropriate compatibilizer) 

Many metals explored for scintillators:  

• Gd, Li, In, Te,…

Many coordinating compounds also explored: 

• Carboxylates, diketones, organophosphorus,…

SNO+; C. Buck & M. Yeh ,J. Phys. G., 2016; C. Buck et al., J. Rad., 2003; Bhasin, H. et al., Inorg. Chem. 2023 
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These are not new strategies – but do we have new 
tools, compounds to explore, etc? 

Zaitseva, N., et al., NIMA, 2023; Ford, M. J., et al., NIMA, 2023

Sodium Docusate → Lithium Docusate – directly 
soluble in organic liquids

Li carboxylates require organic acid for solubility
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These are not new strategies – but do we have new 
tools, compounds to explore, etc? 

Zaitseva, N., et al., NIMA, 2023
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How can we extend this strategy to other isotopes?

Auty, D. J., et al., NIMA, 2023

What could we leverage that’s already available and 
underexplored for scintillators?

• Ionic surfactant derivative
• Catalysts
• Initiators
• Sol-gel precursors
• Semiconductors

Must be considered: 
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These salts (and many metal salts) are directly 
soluble in water → which can then be dispersed into 
LS

PROSPECT; Ford, M. J., et al., NIMA, 2023; C. Buck & M. Yeh ,J. Phys. G., 2016; M. Yeh et al., NIMA, 2011

PROSPECT: aqueous 
solution of LiCl + nonionic 
surfactant

Key questions: what surfactant to use? What metal salt? What loading? 
How do we optimize performance?

Inverted WbLS  - water-in-oil emulsions
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Large parameter space can be explored using 
automation → synthesis of metal salt and 
formulation can be automated
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Water-in-oil emulsions can also be used to produce 
nanoparticles – may also be dispersed

Kauer, P. et al., Inorg. Chem. Comm., 2026

Optical quality must be considered
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Avoid deleterious effects of isotope loading – tune 
the liquid scintillator formulation

Some constituents of common scintillators (e.g., and especially, PPO) are sensitive to isotope loading strategies!

Zaitseva, N., et al., NIMA, 2023; Ford, M. J., et al., NIMA, 2023; Zaitseva, N. et al., NIMA, 2025 

PPO

mTP

PhF



11LLNL-CFPRES-2025509

Secondary colors

Primary colors
Elemental

Navy
#001E62

Impact
(Lab) Blue
#0032a1

Energetic
Azure

#3366CC

Livermorium
Ice

#eaf0fb

Carbon 
Gray

#a9aabc

Quantum
Slate

#6e6e7c

Innovation
Yellow

#fcb317

Research 
Red

#9d0c0c

Performance 
Pink

#b40f64

Algorithm 
Orange
#ff7900

Solar
Yellow

#ffd900

Gamma 
Green

#84c342

Extreme 
Turquoise
#00a5b8

Inspiration 

Indigo
#4b0082

Isotope loading strategies: 

• Direct dissolution using organic ligands – potential future strategies: alternative 
compatabilizers, drawing inspiration from other fields? 

• Emulsion of metal-loaded water in scintillating oil (inverted WbLS) – potential future 
strategies: automated exploration and discovery of new compounds and formulations

• Dispersion of nanoparticles – potential future strategies: controlling size/shape/RI for 
stable, transparent dispersion

Liquid scintillator formulating:

• Insensitive scintillating dyes/solvents – potential future strategies: alternative dyes

Isotope loading routes for liquid scintillators
How do we maximize/optimize isotope (e.g., Te, Mo) loading while 
minimizing impact on liquid scintillator performance? 
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