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Can we use liquid state theory to understand the impact of treating systems 
with long-ranged interactions in a short-ranged fashion?



Take SPC/E water, and replace Coulomb interaction with something short-ranged:

“Strong coupling approximation” (SCA)

κ-1 = 4.5 Å found to recover radial distribution function.

Only consider bulk (no interfaces) for now.

Some initial results
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0

1

2

3

P
£

10
3

[e
/Å
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What about the dielectric constant?
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What about the dielectric constant?

Consider an infinite system – not what we simulate

Dielectric const. is material property: independent of system size/shape

Madden & Kivelsen, Adv. Chem. Phys. 56, 467 (1984)

By construction, short-ranged correlations are accurate

Dielectric constant is the same



SR correlations

Kirkwood, J. Chem. Phys. 7, 911 (1939)
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SR correlations
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Confirmation: dielectric constant is unchanged

Zhang, Hutter, Sprik, J. Phys. Chem. Lett. 7, 2696 (2016)



All is well with bulk?
“Transverse” “Longitudinal”
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Consider infinite system again (LR electrostatics)

Exploit phenomenology:



Consider infinite system again (SR electrostatics)

Assume weak k-dependence at low k:



Comparison b/t theory and simulation
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theory, ∑°1 = 4.5 Å
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°2

0

2

4

P
z
£

10
3

[e
/Å
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Full system:

Singlet density:

Conditional singlet density:

See e.g., Rodgers & Weeks, J. Phys. Condens. Matter 20, 494206 (2008)

Local molecular field theory



Local molecular field theory
Mimic system:

Singlet density:

Conditional singlet density:

See e.g., Rodgers & Weeks, J. Phys. Condens. Matter 20, 494206 (2008)



LMFT is not a simple mean field theory
Range separation

YBG hierarchy

Take the difference

Integrate



LMFT for electrostatics

Ewald-like separation

Splitting chosen on physical 
grounds, rather than efficiency

“Strong coupling approximation” (SCA) ignores second term
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°2

0

2

4

P
z
£

10
3

[e
/Å
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Relevance for MLPs
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Niblett et al., J. Chem. Phys. 155, 164101 (2021)

From Christoph Schran



Interfaces – fluctuations
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Interfaces – LMFT + DCT predicts observed behavior
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Interfaces – LMFT + DCT predicts observed behavior
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Summary

• Physical: It is useful to consider short-ranged systems as 
having the same dielectric constant.

• Practical: Short-ranged potentials are much better for 
dielectric properties than we would naively expect.

• Conceptual: Local molecular field theory provides a useful 
framework for understanding the properties of short-
ranged systems.



Thanks!
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