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To assess the molecular structures and chemistry that govern thermophysical properties and optical indicators of molten salt reactors (MSRs) and pyroprocessing schemes by

establishing molten salt spectroscopic monitoring capabilities, developing and validating molecular dynamic (CMD) simulations, and leveraging them for Raman spectroscopic

interpretation to develop online monitoring capabilities.

Motivation
• Monitoring of electronic and vibrational signatures paired with informed

models outline nanoscale salt behavior in real time/near-real time.

• Benefits include nondestructive sampling, worker dose reduction, and

proliferation risk minimization.
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• Classical, polarizable force fields, designed toward transferability

between systems with similar foundational

characteristics, enable evaluation of equilibrium properties of

mixed MCl3 salts. The potential1 maintains transferability by placing

polarization effects on the chloride anion to achieve an accurate

description of the salt while reducing tendencies toward charge-ordered,

geometric structures.

• Such potentials complement AIMD simulations, spectral sampling

techniques, and electrochemical experiments to classify unique

signatures corresponding to atom-scale behavior.

• Equilibrium molecular dynamics (MD) is applied to equilibrate salt

densities, then collect data in the NVT ensemble using the CP2K MD

software.
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Coordination Changes With Potential Signatures

• Changes to the M3+ coordination number

• Changes to the rigidity of the first-coordination shell

Figure 1: CN distribution shifts for 5 mol% UCl3, 5 mol% FpCl3, and

2.5 mol% UCl3 / 2.5 mol% FpCl3 systems.

Figure 2: Comparison of the induced chloride dipole magnitudes for

chlorides coordinated to U3+ between 100 mol% UCl3, 5 mol% UCl3,

and 2.5 mol% UCl3 / 2.5 mol% FpCl3 systems.

Cation Aggregation by Solvent Ion Sharing
• Cation networks, bridged by multiple shared chlorides, form in the molten

salts

• Potassium ions (K+) act as an interstitial cation in the solvent-bridged

coordination environment

• Coordination (de)stabilization can drastically impact the mobility of ions

which influences bulk transport properties

Figure 4: Corner (left), edge (middle), and face (right) sharing uranium

chloride clusters in pure UCl3 at 1023 K. The clusters shown constitute fraction of

an extensive network, which becomes smaller with the dilution of UCl3 in LiCl-KCl.

Figure 5: Comparison of M3+-MX+ pair

distribution functions for 5 and 100

mol% UCl3 at 773 K (5 mol%) or 1223

K (100 mol%).

Figure 6: Impact of potassium sharing

on the mobility of Cl- anion across

UCl3 and FpCl3 systems. Lifetime data

referenced from Dai et al.2
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Conclusions and Future Work:

• Fission product cations drive uranium away from CN=7, primarily by promoting 

the onset of lower CNs. 

• Induced dipoles on Cl- see little change with the addition of fission products, 

likely due to the secondary M3+-M3+ coordination, facilitated by K+ and Cl-.

• Future work will study the extent of fission product influence on network 

formation and thermophysical salt properties.
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