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Deciphering Water’s Dielectric Constant

https://physics.aps.org/featured-article-pdf/10.1103/PhysRevLett.117.185501

https://physics.aps.org/featured-article-pdf/10.1103/PhysRevLett.117.185501
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A. Arbe and her colleagues combine results from measurements of dielectric 
relaxation and neutron scattering to deliver a detailed and unified picture of 

water dynamics at room temperature. Through dielectric relaxation experiments, 
the authors characterized the collective relaxation of electrical dipoles that 

determines the macroscopic dielectric response of water. Thanks to the atomic-
scale sensitivity of neutron scattering measurements, they were then able to 

establish a relationship between molecular dynamics and the dielectric behavior 
of the liquid.

https://physics.aps.org/articles/v9/122

The combination of two spectroscopic techniques reveals the 
microscopic mechanisms that control the behavior of water’s 

dielectric constant.

https://physics.aps.org/articles/v9/122
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Dielectric relaxation, a way to observe water dynamics. The 
method applies an oscillating electric field to a capacitor 

containing the liquid, and measures, as a function of the field’s 
frequency, the phase difference between the current and 

voltage on the capacitor. Extract the dielectric response of the 
liquid, which is related to the dynamics of the electric dipoles.

dielectric relaxation at tera-Hz f 

They fill the gap between dipolar relaxation and intermolecular stretching 
vibrations at ≈5 THz, and to have a full picture of the dielectric permittivity 

ε⋆(f) of liquid water in a broad frequency range 
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Debye peak, 8.3ps 
exponential relaxation 

of collective dipole 
momentlight scattering
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I(θ,ω)
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http://journals.iucr.org/j/issues/2009/01/00/db5048/db5048.pdf

http://journals.iucr.org/j/issues/2009/01/00/db5048/db5048.pdf
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TOF distinguishes elastic from diffuse scattering 
Co/Ti “super-mirrors” magnetized to detect spin flip
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aleatory (random)
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coherent scattering measures atomic position correlation 
“S(Q,ν)” 
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S(Q,ν) directly related to dielectric susceptibility 

P = ϵ0 𝜒 E dielectric ε = 1 + 𝜒
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0.15 THz peak: 8 ps dynamics , Q = 0.7 Ȧ

dipolar relaxation due to long distance (0.34 nm)   
molecular diffusion 
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THz peak (Q=2Ȧ-1):  
H move in “cage” of size 0.05 nm
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Oxygen  
motion 

future work: various Temperatures


