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Metal-organic frameworks (MOFs), with their unique porous structures and versatile

functionality, have emerged as promising materials for adsorption, separation, and

storage of diverse molecular species. In this study, we investigate water adsorption in

MOF-808, a prototypical MOF that shares the same secondary building unit (SBU)

as UiO-66, and elucidate how differences in topology and connectivity between the

two MOFs influence the adsorption mechanism. To this end, molecular dynamics

(MD) simulations were performed to calculate several thermodynamic and dynami-

cal properties of water in MOF-808 as a function of relative humidity (RH), from the

initial adsorption step to full pore filling. At low RH, the µ3-OH groups of the SBUs

form hydrogen bonds with the initial water molecules entering the pores, which trig-

gers the filling of these pores before the µ3-OH groups in other pores become engaged

in hydrogen bonding with water molecules. Our analyses indicate that the pores of

MOF-808 become filled by water sequentially as the RH increases. A similar mecha-

nism has been reported for water adsorption in UiO-66. Despite this similarity, our

study highlights distinct thermodynamic properties and framework characteristics

that influence the adsorption process differently in MOF-808 and UiO-66.
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I. INTRODUCTION

Water scarcity is a pressing global issue with far-reaching implications.1–3 The emergence

of water-insecure regions is intricately linked to rapid population growth, climate change,

and water pollution.4,5 With projections indicating that two-thirds of the world’s population

could face water shortages by 2025,6 devising solutions for clean water supply is critical.

Currently, there are methods for water purification such as physical and chemical filtra-

tion, which include the treatment of seawater to produce drinkable water.7–9 However, these

methods are associated with high costs and energy consumption, rendering them inaccessi-

ble to many communities.10 Another significant limitation is that these methods, primarily

designed for treating seawater,11,12 are not suitable for landlocked regions.

Atmospheric water harvesting (AWH) represents a promising solution to the limitations

inherent in current water purification methods.13 Since the air contains ∼1021 liters of water

globally in the form of water vapor, AWH holds the potential to capture this water and

supply it to water-scarce regions.14 In this context, metal-organic frameworks (MOFs), a

class of porous materials constructed from inorganic secondary building units (SBUs) and

organic linkers,15–18 have attracted significant interest as materials for AWH applications

due to their large surface area and high tunability.18–24

The assessment of MOFs for AWH applications is traditionally accomplished through

experimental measurements of adsorption isotherms at varying temperatures and relative

humidity (RH) values.20,21,25–28 However, the vast landscape of possible MOFs presents a

formidable challenge, as it is impractical to experimentally assess the water adsorption

capacity of every single framework. This scenario underscores the key role of computer

simulations in identifying specific structural and physicochemical properties of MOFs that

can lead to enhanced water adsorption capacity. Computational studies, therefore, not only

augment our understanding of the adsorption mechanisms but can also guide in the design

of MOFs optimized for AWH applications.18,29–34

Understanding the behavior of water within MOFs through computer simulations presents

several challenges, including the accurate description of water–framework and water–water

interactions. Different computational approaches are currently available for modeling these

interactions, ranging from empirical force fields (FFs) of various functional forms35–43 to

ab initio methods based on wave function theory (WFT)44 and density functional theory
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(DFT).45 Although correlated WFT methods, such as coupled cluster with single, double,

and perturbative triple excitations, CCSD(T), the current “gold standard” for chemical

accuracy, provide an accurate representation of molecular interactions46,47 without resort-

ing to ad hoc simplifications, the associated computational cost is presently prohibitive for

systems containing more than a handful of molecules. Despite recent progress in the devel-

opment of efficient WFT methods, DFT remains the most common approach for ab initio

simulations in periodic boundary conditions, such as those pertaining to the adsorption of

water in MOFs.22,29,48–50 However, DFT suffers from inherent limitations due to the use

of approximate exchange-correlation functionals and electron densities, which manifest in

both functional-driven and density-driven errors51–57 that hinder the ability of current DFT

models to accurately describe the properties of water.58–62 On the other hand, by adopting

functional forms based on classical mechanics, common FFs exhibit limited accuracy and

lack predictive power when modeling the properties of water across various thermodynamic

conditions and in different environments.63–65

Ten years ago, our group introduced MB-pol, a data-driven many-body potential for

water rigorously derived from CCSD(T) data.66–68 MB-pol combines a physics-based model

based on many-body electrostatics with data-driven representations of individual many-body

interactions that are machine-learned from CCSD(T) reference data. Due to its construction,

MB-pol is fully transferable across all phases and has been shown to accurately reproduce

the properties of gas-phase water clusters, liquid water, and ice.69–74 Notably, MB-pol is the

first and, to date, only model capable of accurately predicting the phase diagram of water.75

More recently, an updated version of MB-pol, MB-pol(2023), trained on larger training

sets of CCSD(T) many-body energies, has been shown to achieve even higher predictive

accuracy for simulations of water in both gas and liquid phases.76 When combined with ab

initio-based FFs specifically designed to describe the physicochemical properties of MOFs,

MB-pol has enabled realistic molecular dynamics (MD) simulations of water adsorption in

several MOFs, providing molecular-level insights into the underlying adsorption mechanisms

that are difficult to access experimentally.77–82

In this study, we investigate the adsorption mechanisms of water in MOF-808,21 a MOF

sharing the same Zr-oxo cluster as UiO-66.83 Despite this similarity, MOF-808 and UiO-66

exhibit differences in their organic linker and connectivity topology, resulting in materials

with distinct pore sizes and shapes. The SBU of MOF-808 corresponds to a 6-connected
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Zr-oxo cluster that leads to a framework with large adamantane-shaped pores (18.4 Å in

diameter) juxtaposed with small tetrahedral pores (4.8 Å in diameter). Conversely, the

SBU of UiO-66 corresponds to a 12-connected Zr-oxo cluster, resulting in a framework with

octahedral pores (7.2 Å in diameter) encircled by small tetrahedral pores (6.8 Å in di-

ameter). These structural differences not only underline distinct structural properties of the

corresponding frameworks but also affect the potential of MOF-808 and UiO-66 in AWH

applications. Leveraging MD simulations performed with the MB-pol potential, we eluci-

date the adsorption mechanism of water within MOF-808 and compare it to the mechanism

reported for UiO-66 in Ref. 81. These comparisons allow us to assess how differences in

connectivity and bonding topologies between MOF-808 and UiO-66 influence water adsorp-

tion in these two MOFs, providing fundamental insights for the design of MOFs specifically

optimized for AWH applications.

II. METHODS

A. Force field

The structure of MOF-808, taken from crystallographic data,21 was initially optimized

in periodic boundary conditions using density functional theory (DFT) calculations carried

out with the Vienna Ab initio Simulation Package (VASP).84–87 The VASP calculations were

carried out with the PBE exchange-correlation functional88 combined with the D3 dispersion

correction,89 using the projector-augmented wave (PAW)90,91 method with a 400 eV kinetic

energy cutoff on a 1× 1× 1 k-point grid. The forces were converged to a tolerance of 0.04

eV/Å .

The atomic point charges for the force field were obtained using the Charge Model 5

(CM5)92 as implemented in Gaussian 1693 by performing DFT calculations on a cluster model

of MOF-808 (see Figure S1 of the Supplementary Material) using the ωB97X-D functional94

in combination with the def2-TZVP basis set.95 MOF-808 was modeled using a flexible force

field. The force field parameters for the bonded terms involving the Zr4+ atoms were fitted

using the genetic algorithm96 to ωB97X-D/def2-TZVP single point energies calculated with

Gaussian 1693 for 300 distorted configurations of the same cluster model of MOF-808 used

in the CM5 calculations. The Lennard-Jones (LJ) parameters for the Zr4+ atoms were taken
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from the Universal Force Field (UFF).36 The force field parameters for the bonded and LJ

terms involving the linker atoms were taken from the General Amber Force Field (GAFF).37

Water was represented using the MB-pol potential,66–68 a flexible, data-driven many-

body model that has been shown to predict the properties of water across various phases

with unprecedented accuracy.74,75,97–99 Additionally, MB-pol has been successfully used to

characterize the behavior of water within various MOFs.77–80,82 The Supporting Material

includes a brief overview of the main results obtained so far using MB-pol, which aims to

provide the reader with an up-to-date perspective on the performance of MB-pol in the

context of state-of-the-art computer simulations of water. Water–framework interactions

were represented by electrostatic and van der Waals terms. The electrostatic term of MB-

pol includes both permanent and induced (i.e., polarization) contributions, which implies

that in the MD simulations each MB-pol water molecule could be polarized by other MB-

pol water molecules as well as the framework, while the framework was not polarizable. LJ

parameters of water were taken from the TIP4P/2005 water model,100 which was shown

to be the closest point-charge model to the MB-pol potential of H2O.101 Lorentz-Berthelot

mixing rules were applied to calculate the LJ parameters describing the interactions between

dissimilar atoms. All force field parameters are listed in Tables S1-S4 of the Supplementary

Material.

B. Molecular dynamics simulations

All MD simulations, except for the umbrella sampling simulations were performed using

an in-house code based on the DL POLY 2 package102, which was modified to include MB-

pol water.66–68 The system consisted of 1×1×1 primitive cells (35.076 Å × 35.076 Å ×

35.076 Å ) in periodic boundary conditions.

Various structural, thermodynamic, and dynamical properties were calculated by carry-

ing out MD simulations in the canonical (NV T : constant number of atoms, volume, and

temperature), isothermal-isobaric (NPT : constant number of atoms, pressure, and tem-

perature), and microcanonical (NV E: constant number of atoms, volume, and energy)

ensembles. In the NV T and NPT simulations, the temperature was maintained at 298.15

K by a Nosé-Hoover chain of four thermostats.103 The NPT ensemble was generated accord-

ing to the algorithm described in Ref. 104. The equations of motion were propagated with
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a time step of 0.2 fs according to the velocity-Verlet algorithm. All nonbonded interactions

(i.e., electrostatic and van der Waals interactions) were truncated at an atom-atom distance

of 9.0 Å . The long-range electrostatic interactions were treated using the Ewald method.105

For each RH value considered in this study (ranging from 5% to 90%), the initial positions

of the water molecules were generated using Packmol,106,107 enforcing a uniform distribution

across all MOF-808 void spaces. For each system, the positions of the water molecules

were subsequently randomized. This was achieved by conducting a series of three short

MD simulations in the NPT ensemble at 1000 K (10 ps), 500 K (20 ps), and 300 K (20

ps). Lattice parameters, equilibrium bond distances, and enthalpy of adsorption were then

calculated from 1 ns-long NPT simulations performed at 1 atm and 298.15 K.

The enthalpy of adsorption at a given RH was calculated as:

∆Hads =
U(MOF +N · H2O)− U(MOF)−N × U(H2O)−N ×RT

N
(1)

where N is the number of water molecules, R is the ideal gas law constant, T is the temper-

ature, and U(MOF+N ·H2O), U(MOF), and U(H2O) are the internal energies water-loaded

MOF-808, empty MOF-808, and water, respectively. The dynamical properties and entropy

of water were calculated by performing 10 independent 50 ps-long NV E simulations with

the volume held fixed at the average volume calculated from the NPT simulations. The

entropy was calculated using the two-phase thermodynamic (2PT) model.108 All results for

UiO-66 were taken from Ref. 81.

To characterize the free energy landscape for water adsorption in MOF-808, we calculated

the potential of mean force (PMF) associated with moving a single water molecule along a

straight path connecting the centers of mass of the large adamantane pore and the small

tetrahedral pore. The PMF was calculated using umbrella sampling simulations were car-

ried out with the Large-scale Atomic/Molecular Massively Parallel Simulator (LAMMPS)109

package interfaced with the MBX C++110 and PLUMED libraries.111,112

III. RESULTS

A. Thermodynamic Properties

To compare the thermodynamic properties of water adsorbed in the pores of MOF-

808 and UiO-66, ∆Hads (Figure 1b) and Swat (Figure 1c) were calculated for both MOFs

6



0 10 20 30 40 50 60 70 80 90

8

16

24

32

40

48

56

64

U
p
ta

k
e
 (

w
t%

)

Experimental Isotherm

UiO-66

MOF-808

0 10 20 30 40 50 60 70 80 90
14

15

16

17

18

19

20

21

S
w
a
t
(c

a
l/
m

o
l-

K
)

Calculated Swat

UiO-66

MOF-808

0 10 20 30 40 50 60 70 80 90
-17

-16

-15

-14

-13

-12

H
a
d
s

(k
c
a
l/
m

o
l)

Calculated Hads

UiO-66

MOF-808

a)

b)

c)

Relative Humidity (%) 

Relative Humidity (%) 

Relative Humidity (%) 

FIG. 1. Thermodynamics of water adsorption in MOF-808 (red) and UiO-66 (blue). a) Experi-

mental adsorption isotherms, b) calculated enthalpies of adsorption (∆Hads) , and c) calculated

entropies of water (Swat) as a function of RH. The inflection regions for both MOFs are highlighted

in the shaded gray region.

through MD simulations across a range of RH values pertinent to the experimental adsorp-

tion isotherms (Figure 1a).21

Figure 1b shows that ∆Hads of MOF-808 is most negative (approximately−15.0 kcal/mol-

K) at the lowest RH values, indicating relatively stronger water–framework than water–water

interactions. Between 25% and 35% RH, there is a notable change in ∆Hads, going from
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−13.6 kcal/mol to −12.2 kcal/mol, which correlates well with the inflection point seen in

the experimental isotherm (Figure 1a). The decrease of |∆Hads| within this RH range is

indicative of less favorable interactions between water molecules and the framework, which

also corresponds to an increasing contribution due to hydrogen bonds forming among water

molecules. Above 35% RH, ∆Hads reaches a plateau, at approximately −12.3 kcal/mol.

This indicates that water–framework interactions become less dominant at higher RH levels.

Notably, ∆Hads for water in MOF-808 is more negative than ∆Hwat of liquid water at 298 K

(approximately −10.96 kcal/mol), as calculated using the MB-pol potential.98 This suggests

that, on average, the interactions of water molecules within MOF-808 are more favorable

than those in bulk liquid water.

In order to disentangle the energy contributions responsible for the variation of ∆Hads at

different RH, a decomposition of ∆Uads into water–framework, Uwat–MOF, and water–water,

Uwat–wat, interactions 5, 30, and 35% RH shown in Figure 2. This analysis indicates that

water–framework interactions exhibit maximum strength at low RH and decrease as RH

increases and more connected hydrogen-bonding networks form within the MOF pores. In

parallel, water–water interactions become the larger constributiosn beyond the inflection

point at 35% RH.

∆Hads for UiO-66 follows the same trend observed for MOF-808, becoming less negative

as RH increases and displaying a notable change between 25% RH and 40% RH in correspon-
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FIG. 2. Decomposition of ∆Uads for MOF-808 at 5, 30, and 35% RH in terms of water–framework,

Uwat-MOF, and water–water, Uwat-wat, energy contributions.
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dence with the steep increase in the experimental adsorption isotherm. Beyond 40% RH,

∆Hads levels off for both MOF-808 and UiO-66, consistent with the adsorption isotherms

reaching near-maximum pore capacity. Interestingly, at lower RH levels, UiO-66 exhibits

a more negative ∆Hads than MOF-808, implying relatively stronger water–framework in-

teractions. At higher RH levels, the more negative value of ∆Hads of UiO-66 compared to

MOF-808 suggests that water adsorption into UiO-66 is energetically more favorable than

in MOF-808.

The entropy of water, Swat, displays qualitatively similar trends within both MOF-808

and UiO-66. As shown in Figure 1c, at low RH levels, Swat of water in MOF-808 shows

minor fluctuations at ∼20.5 cal/mol-K. With increasing RH, there is a marked decrease in

Swat, particularly between 25% and 35% RH, which parallels the significant changes ob-

served in the adsorption enthalpy. This sharp drop in entropy suggests an increase in water

confinement within the MOF pores, which is accompanied by the formation of more con-

nected hydrogen-bond networks. Swat within UiO-66 at low RH levels is also approximately

20 cal/mol-K and decreases as RH increases, with the largest drop corresponding to the

inflection point of the experimental adsorption isotherm (Figure 1a). Beyond this point,

Swat for UiO-66 further decreases to ∼14.8 cal/mol-K, unlike MOF-808, where Swat remains

approximately constant at a value of ∼18 cal/mol-K. Previous studies of water adsorption

in MOFs reported that the average mobility of water molecules within the MOF pores slows

down as RH increases and more water molecules participate in hydrogen bonding.77,79,82

Given its smaller pore size, UiO-66 thus appears to exert more pronounced confinement

effects and pose more constraints on the spatial arrangements of the water molecules. The

different trends in Swat indicate that structural differences between MOF-808 and UiO-66

influence the behavior of adsorbed water.

To provide molecular-level insights into the evolution of hydrogen bonding among water

molecules within the MOF-808 pores as a function of relative humidity, Figure 3 shows the

fraction of different hydrogen-bonding topologies at various RH levels. In this analysis, each

water molecule is classified in terms of the number of hydrogen bonds (n orm) it participates

in as a donor (D) or an acceptor (A), respectively. At low RH values, the largest fraction

(41%) of water molecules does not participate in hydrogen bonding (0D-0A). This value

sharply decreases to ∼2% by 35% RH in the inflection region. Conversely, a substantial

increase in hydrogen bonding occurs after the inflection point, with approximately 98% of
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FIG. 3. Probability of different hydrogen-bonding topologies for water within the MOF-808 pores

calculated at 5% (yellow), 30% (green), and 35% RH (blue).

water molecules within the MOF-808 pores engaging in hydrogen bonding as indicated by

the sum of all fractions of hydrogen-bonding topologies in which a water molecule engages

in at least one hydrogen bond. This increase indicates the formation of more connected

hydrogen-bonding networks, which modulates the variation of thermodynamic properties as

a function of RH as seen in Figure 1.

The comparative analysis of the adsorption enthalpy and water’s entropy in MOF-808 and

UiO-66 reveals that the structural differences between these two MOFs play an important

role in modulating water adsorption thermodynamics. The 6-connected SBUs of MOF-808

result in larger pores that provide greater freedom to the water molecules, contributing to

higher entropy values. In contrast, the 12-connected SBUs of UiO-66 lead to a more compact

framework with smaller pores, which is evident in lower entropy values. Interestingly, despite

MOF-808 providing larger pores, the plateau of the adsorption enthalpy observed at high RH

levels indicates a potential limitation of MOF-808 in fully exploiting the available void space

for water adsorption. This observation suggests that pore architecture and connectivity are

critical factors in optimizing the performance of MOFs for water harvesting.
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B. Spatial arrangement of water within MOF-808 and UiO-66

To gain a deeper understanding of how water interacts with the frameworks of MOF-

808 and UiO-66 at low RH levels, Figure 4 shows the radial distribution functions (RDFs)

describing the spatial correlations between the oxygen of the water molecules (OW) and the

oxygen sites of the framework. As discussed above, MOF-808 and UiO-66 share the same

SBUs, which contain three types of oxygen sites: 1) the oxygen atoms of the µ3-OH groups,

each of which is directly connected to three Zr atoms of the SBU, 2) the hydrogen-uncapped

oxygen atoms (µ3-O) that are directly connected to three Zr atoms of the SBU, and 3)

the oxygen atoms of the carboxylic groups. Due to the 6-connected nature of MOF-808,

the oxygen atoms of the carboxylic groups can be further divided into two distinct types,

depending on whether they are part of the organic linkers (Olinker) or the formate groups

(Oformate).

The analysis of the RDFs for MOF-808 reveals distinctive peaks at approximately 2.7 Å ,

3.1 Å , and 3.5 Å , correlating to the distances between the OW atoms of the water molecules

FIG. 4. Radial distribution functions calculated at 10% RH for water in a) MOF-808 and b)

UiO-66. See main text for details.
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and the µ3-OH, Olinker, and Oformate sites of the framework, respectively. This suggests that

the 6-connected SBU of MOF-808 facilitates diverse binding sites for water, with the shortest

distance corresponding to the OW and µ3-OH interaction. Such an arrangement indicates

the formation of relatively strong hydrogen bonds between water and the µ3-OH groups of

the framework, which is a key step at the early stage of the adsorption process. Similar

patterns are found in Figure 4b for the RDFs of water in UiO-66, with the only difference

being the location of the main peak of the OW-Olinker RDF that appears at a slightly larger

distance (3.4 Å ) than for water in MOF-808 (3.1 Å ). This difference points to the more

compact framework of UiO-66, which may restrict the proximity of water molecules to the

oxygen atoms of the linkers. Independently of their pore sizes and topologies, both MOF-808

and UiO-66 show a commonality in using their µ3-OH groups as primary adsorption sites

for water, aligning with other MOFs with similar SBUs. In particular, this trend has been

experimentally observed in other MOFs featuring identical SBUs, such as MOF-801.21

a)

b)

c)

d)

FIG. 5. a-b) View of MOF-808 along the adamantane and tetrahedral pores, respectively. c-d)

View of UiO-66 along the octahedral and tetrahedral pores, respectively. The void spaces are

shown in blue, while the µ3-OH sites are shown in orange. Atom color scheme: C = brown, H =

white, O = red, Zr = green.

12



The distribution of the µ3-OH groups in both MOF-808 and UiO-66, illustrated in Fig-

ure 5, provides further insights into the spatial arrangement of the water molecules within

the pores of the two MOFs at low RH levels. In UiO-66, the µ3-OH groups are located

within small tetrahedral pores. Conversely, in MOF-808, the µ3-OH groups are placed along

the large pore perimeters and within small tetrahedral cages, potentially enhancing water

adsorption and facilitating efficient pore filling.

C. Pore filling mechanisms

To elucidate the pore-filling mechanism in MOF-808, Figure 6 shows two-dimensional

(2D) spatial distributions of water within the small tetrahedral (left) and large adamantane

(right) pores calculated at 5% (top), 30% (middle), and 35% RH (bottom). At 5% RH,

water molecules in MOF-808 exhibit a strong propensity to form hydrogen bonds with the

accessible µ3-OH sites on the SBUs, a finding that is in line with the RDF analysis of Section

III.B. Notably, the unique distribution of µ3-OH sites, predominantly along the periphery

of the adamantane pores, impedes the entry of water molecules into the tetrahedral cages

at low RH.

To characterize the energetics involved in the diffusion of water molecules from the

adamantane to the tetrahedral pores and vice versa, we calculated the potential of mean

force (PMF) associated with moving a single water molecule in an empty MOF-808 along

a straight path connecting the centers of mass of the adamantane pore and the tetrahedral

pore (Figure 7). The PMF shows two minima corresponding to the water molecule being

located near the oxygen atoms of the carboxylate group of the linker within the adamantane

pore (-3 Å) and close to the µ3-OH group within the tetrahedral pore (3 Å), respectively.

The two minima are separated by a large barrier (greater than 15 kcal/mol from both the

adamantane and tetrahedral sides), suggesting an extremely slow diffusion process between

the two pores.

This behavior sharply contrasts with that observed in UiO-66, where the analysis of anal-

ogous spatial distributions reported in Ref. 81 indicates that water molecules can access the

small tetrahedral cages under similar conditions. The difference in water adsorption patterns

between MOF-808 and UiO-66 can thus be primarily attributed to the placement of µ3-OH

groups within their structures. While in UiO-66, these groups effectively facilitate water

13



FIG. 6. Two-dimensional water density distribution calculated for tetrahedral pore (left) and

adamantane pore (right) at 5% (top), 30% (middle), and 35% RH (bottom). µ3-OH sites are

illustrated using spheres for significance. The scale bar represents the density of water relative to

the highest density region in the unit cell. Atom color scheme: C = brown, H = white, O = red,

Zr = green.

entry into the tetrahedral pores, in MOF-808, their arrangement along the pore periphery
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FIG. 7. Potential of mean force (PMF) associated with moving a single water molecule in an

empty MOF-808 along a straight path connecting the centers of mass of the adamantane and

tetrahedral pores. Negative distances from -4 Å to 0 Å correspond to the water molecule being

in the adamantane pore and positive distance from 0 Å to 5 Å) correspond to the water molecule

being in the tetrahedral pore, with the channel entrance between the two pores being set to 0 Å.

creates a barrier that prevents water molecules from entering the small pores, underscoring

the critical influence of the µ3-OH group distribution in modulating the adsorption mecha-

nism in MOF-808 and UiO-66.

As RH reaches 30%, water molecules not only continue to preferentially bind to the

open µ3-OH sites but also begin to form more complex structures, like hydrogen-bonded

clusters and short chains, with those already bound to the µ3-OH sites. This marks a

transition from isolated binding to more collective spatial arrangements. At 35% RH, the

spatial distributions indicate saturation of both pores in MOF-808, with a preference for

filling pores containing water before proceeding to subsequent ones. This behavior has also

been seen in analogous MD simulations of water in UiO-6681, ZIF-9078, and ZIF-8.113 The

spatial distribution calculated at 35% RH reveals areas in the adamantane pore that are

not completely filled, suggesting that at maximum water capacity, MOF-808 fails to utilize

its entire void space for water capture, potentially attributed to the large pore size and the

location of the µ3-OH sites along the pore perimeters. This finding aligns with previous

studies that found that MOFs with larger pore sizes may result in a reduction in water
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uptake.114 This phenomenon can be attributed to weakened confinement effects within the

pore channels, affecting water–framework and water–water interactions.115,116

The comparison with the simulation results reported in Ref. 81 for UiO-66 indicates that

MOF-808 and UiO-66 follow a similar pore-filling mechanism. Despite this similarity, differ-

ences in structure and cycle stability between MOF-808 and UiO-66 significantly influence

their adsorption capacities.21 Experimental data show that, at maximum capacity, MOF-

808 adsorbs ∼740 cm3 H2O · g−1MOF, while UiO-66 adsorbs ∼530 cm3 H2O · g−1 MOF.

21 MOF-808, however, exhibits a decrease in capacity to ∼380 cm3 H2O · g−1 MOF by the

second adsorption cycle, almost a 50% reduction compared to the first cycle. In contrast,

UiO-66 maintains a stable capacity of ∼500 cm3 H2O · g−1 MOF. After five cycles, the capac-

ities for MOF-808 and UiO-66 are ∼320 cm3 H2O · g−1 MOF and ∼480 cm3 H2O · g−1MOF,

respectively. The decrease in adsorption capacity observed for MOF-808 is attributed to the

loss of porosity, while the stability of UiO-66 in humid conditions can be explained by the

presence of 12-connected SBUs, which allows UiO-66 to maintain consistent water capacity,

unaffected by regeneration conditions.21 Since both MOF-808 and UiO-66 lack open metal

binding sites, the decrease in adsorption capacity observed for MOF-808 has to be related to

the connectivity of each SBU to only six linkers. Therefore, while both MOF-808 and UiO-

66 share similar adsorption mechanisms, their structural and topological differences clearly

affect their cycle stability, underscoring the limitations of MOF-808 in water harvesting.

Understanding the degradation of MOFs under humid conditions at the molecular level is

a key step towards the design and optimization of MOFs for water harvesting and will be

the focus of future applications of our data-driven many-body theoretical/computational

platform for modeling aqueous systems under different thermodynamic conditions and in

different environments.

IV. CONCLUSIONS

In this study, we employed molecular dynamics simulations to assess the adsorption

mechanisms of water in two MOFs, MOF-808 and UiO-66, sharing identical SBUs. Our

analysis reveals that both MOF-808 and UiO-66 leverage the µ3-OH sites on the SBU for

water adsorption. However, the restricted connectivity observed between the SBU and the

organic linker in MOF-808 indicates diminished cycle stability performance in comparison
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to UiO-66.21 Our results underscore the significance of both SBU–organic linker connec-

tivity and the topology of open binding sites in the design of novel MOFs intended for

AWH. Building upon insights from pristine MOF-808, we propose further exploration of

functionalization strategies to enhance water uptake and cycle stability. Notably, UiO-66

exhibits enhanced water capture capabilities through SBU functionalization, as evidenced

in previous studies.28,81,117,118 Moreover, MOF-808 demonstrates increased CO2 uptake upon

functionalization compared to its pristine form, as reported in previous investigations.119,120

Ongoing research in our group focuses on developing molecular models for various amino

acid-functionalized derivatives of MOF-808 to explore ion separation and selectivity from

water. In summary, our work contributes a molecular-level understanding of how varia-

tions in structure and topology among MOFs with similar architectures influence the overall

performance of water harvesting.

V. SUPPLEMENTARY MATERIAL

Details about the molecular models used in the MD simulations along with the complete

list of force field parameters used to describe the MOF-808 framework.
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