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Thermal batteries
Dehumidification

Desalination

Drug development/ Brain 
chemistry

Why water adsorption matters?
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Proton exchange 
membranes

ECS, Desiccant Dehumidification, 
Desiccant wheel 

N. MacAulay, Nat. Rev. Neurosci., 2021

Energy Innovation: Policy and Technology, 
Forbes, 2023

Water 
adsorption
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What we studied?
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Challenges in simulating water

Flexible SPC/E

Flexible TIP3P

Flexible SPC/E with
Modified bond 
potential 

Flexible SPC/E 
+ TIP3P CHARMM
With modified bond
potential

[Accepted] Auti, G. et al. Physical Chemistry Chemical Physics, 2025 

O-H bond 
easier to 
stretch than 
compress

Anharmonicity
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Validating the water model
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Spectra of adsorbed water

𝐼 𝜔 = න 𝐶௩௩ 𝑡 𝑒௜ఠ௧𝑑𝑡
ஶ

ିஶ

𝐶௩௩ 𝑡 =  
1

𝑁
෍ 𝑣⃗௜ 𝑡 ⋅ 𝑣⃗௜ 0

ே
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Velocity autocorrelation function
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Spectra of adsorbed water
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Normal mode analysis

C. Atilgan et al, Ann. Rev. Biophysics, 2012

𝐹⃗ = −
𝑑𝑉

𝑑𝑥
= −𝑘𝑥 −𝑘𝑥 = −𝑚

𝑑ଶ𝑥

𝑑𝑡ଶ

−𝑘𝑥 = −4𝜋ଶ𝜈ଶ𝑚𝑥

In three dimensions and for a set of N atoms, 

𝑯𝑿 = 4𝜋ଶ𝜈ଶ𝑿

𝑯 =
𝑯𝟏𝟏 ⋯ 𝑯𝟏𝑵

⋮ ⋱ ⋮
𝑯𝑵𝟏 ⋯ 𝑯𝑵𝑵

, 𝑯𝒊𝒋 =  

𝝏𝟐𝑼

𝝏𝑿𝒊𝝏𝑿𝒋

𝝏𝟐𝑼

𝝏𝑿𝒊𝝏𝒀𝒋

𝝏𝟐𝑼

𝝏𝑿𝒊𝝏𝒁𝒋

𝝏𝟐𝑼

𝝏𝒀𝒊𝝏𝑿𝒋

𝝏𝟐𝑼

𝝏𝒀𝒊𝝏𝒀𝒋

𝝏𝟐𝑼

𝝏𝒀𝒊𝝏𝒁𝒋

𝝏𝟐𝑼

𝝏𝒁𝒊𝝏𝑿𝒋

𝝏𝟐𝑼

𝝏𝒁𝒊𝝏𝒀𝒋

𝝏𝟐𝑼

𝝏𝒁𝒊𝝏𝒁𝒋
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Eigenvalues of this H correspond to 
the normal modes of vibration
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Site specific adsorption
MIL-101

N=100

N=600

N=1100

All

Loosely 
bounded

Water adsorbed 
near Cr (1st layer)

Water adsorbed 
near Cr (2nd layer)

Water adsorbed 
near Cr (3rd layer)

Water adsorbed 
near F (1st layer)

3204 cm-1

3364 cm-1

3691 cm-1

3647cm-1

MIL-101-SO3H

300032003400360038004000

Wavenumber [cm-1]

N=100

N=600

N=1100

Water adsorbed 
near O of –SO3H
(1st layer)

Water adsorbed 
near H of –SO3H
(1st layer)

3178 cm-1

3347 cm-13669 cm-1

3585cm-1

300032003400360038004000

Wavenumber [cm-1]
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G. Auti, H. Jiang, J.-J. 
Delaunay, and H. Daiguji, 
Phys. Chem. Chem. Phys., 
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