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Scientific Achievement 
We demonstrate that a fully ab initio approach, relying on the SCAN 

density functional, provides such a description of water. SCAN 

accurately describes the balance among covalent bonds, hydrogen 

bonds, and van der Waals interactions that dictates the structure and 

dynamics of liquid water. Notably, SCAN captures the density 

difference between water and ice at ambient conditions, and many 

important structural, electronic, and dynamic properties of liquid water. 

Significance and Impact 
Water is vital to our everyday life, but its structure at a molecular level 

is still not fully understood from either experiment or theory. The latter 

is hampered by our inability to construct a purely predictive, first 

principles model. The difficulty in modeling water lies in capturing the 

delicate interplay among the many strong and weak forces that govern 

its behavior and phase diagram. Herein, molecular simulations with a 

recently proposed nonempirical quantum mechanical approach yield 

an excellent description of the structural, electronic, and dynamic 

properties of liquid water. SCAN (strongly constrained and 

appropriately normed)-based approaches, which describe diverse 

types of bonds in materials on an equal, accurate footing, will likely 

enable efficient and reliable modeling of aqueous phase chemistry. 

Research Details 
(1) Ab initio molecular dynamics calculation based on SCAN density 

functional theory 

(2) NPT ensemble (constant pressure) simulation 

(3) Liquid water structures under ambient conditions  
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Method D (10-9m2/s) 𝝉𝟐(ps)  

PBE 0.4 ± 0.12 7.1 ± 0.5 

SCAN 2.14 ± 0.22 2.9 ± 0.4 

Experiment 1.8 (D2O) 

2.4 (H2O) 

2.4 

𝝉𝟐: rotational correlation time 

D: diffusion constant   
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Challenges of DFT for liquid water structure 

 

1. Light atom of proton 

  Nuclear quantum effect 

2. Nature of H-bonding 

 Much weaker than covalent 

 Electrostatic, mixed with covalency 

 Delicate balance of the above 

3. van der Waals (vdW)  

 Nonlocal exchange-correlation effect 

 Missing vdW in intermediate and long-range 

SCAN + nuclear quantum effect 

simulations !! 


