








tion energy (Ea) of DHTA-Pa COF were lower than MOF-
801 (Figure S29). MD simulation showed that the water
diffusion coefficient for DHTA-Pa COF are 3.8 and 6.1
times higher than those for MOF-801 at 298 K and 313 K,
respectively (Figure 3b and S30), which were consistent with
experimental diffusivities (Figure S31). Besides, the water
uptake and kinetic performance of DHTA-Pa COF and
THAT-Pa COF did not show obvious attenuation after 80
AWH cycles (Figure 3c and S32–S33). The DHTA-Pa COF
well maintained the structure without losing its crystallinity
and BET surface area after cycling tests or immersing it in
water for 5 days (Figure S34). The adaptable low desorption
temperature with high desorption rates for DHTA-Pa COF
(Figure 3d) exhibits its great potential in reducing energy
consumption in the AWH temperature swing cycling
process.[10a,16a–c,18]

A device was built to validate the practicability of
DHTA-Pa COF harvester in arid conditions (Figure 3e and
S35). The DHTA-Pa COF trapped water at 298 K and a
certain humidity. Upon heating at 313 K, water molecules
were evaporated from the COF channels and condensed
into droplets on the inclined inner walls of the condenser
(Figure 3e). In comparison, no fogging phenomena were
observed in the blank experiment (Figure S36). Besides,
DHTA-Pa COF exhibited higher heat capacity and thermal
conductivity at 298 K and 313 K than MOF-801 and MOF-
303 (Figure S37, Table S2). Without further optimizing the
device configuration, the water uptake reached 0.44, 0.48
and 0.50 g/g at 30%, 40% and 50% R.H., respectively, and
the majority of the adsorbed water molecules were released
within 20 minutes (Figure 3f and S38), matching the fast
kinetic and high efficiency of the sorbent.
In summary, we showed that the unique one-dimensional

penetrative channels with alternative hydrophobic/hydro-
philic functionalities aligned on the pore walls in 2D COFs
can significantly lower the energy barrier for water perme-
ation and diffusion. As a result, the prepared DHTA-Pa
COF achieved outstanding dynamic properties for water
harvesting, which trapped 0.48 g/g water within 40 minutes
at 30% R.H. condition and fully released them in 10 minutes
at 333 K. Featured with these attractive water delivery
dynamics and cycling performance, multiple continuous
AWH cycles can be accomplished at even 313 K and shows
potentials in achieving a high daily water production. Our
work provides adsorbent design strategies for improving
cycle efficiency and lowering the energy consumption in the
AWH processes by tailoring the water state proportion to
optimize the dynamic and regenerated temperature.
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2D Covalent Organic Framework for Water
Harvesting with Fast Kinetics and Low
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Exceptional water adsorption/desorption
dynamic properties and low regenera-
tion temperature were achieved by 2D
covalent organic frameworks (COFs)
with 1D open channels and alternatively
arranged hydrophilic/hydrophobic seg-
ments. It is promising for improving
cycle efficiency and lowering the energy
consumption in the atmospheric water
harvesting processes.
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Experimental Procedures 

1. Instruments and methods 

Powder X-ray diffraction (PXRD) 

PXRD patterns were performed by Rigaku MiniFlex 600 instrument operating at 40 kV voltage and 15 mA current with a 

monochromatized Cu-Kα (λ = 1.54056 Å). Samples were mounted as integral films onto a silicon zero background holder. The PXRD 

patterns were recorded from 1.5 to 30° (2θ) with a step size of 0.02° and a scan rate of 10° per minute. 

 

Fourier transform infrared attenuated total reflection (FTIR-ATR) 

FTIR-ATR spectra were collected at a transmission range of 400-4000 cm–1 on a Bruker ALPHA spectrometer. 

 

Solid-state nuclear magnetic resonance (SSNMR)  
13C cross-polarization/magic angle spinning solid-state nuclear magnetic resonance (13C CP/MAS SSNMR) spectra were carried out 

on a Bruker Ascend 700 MHz NMR Spectrometer.  

 

Nitrogen sorption isotherm  

Nitrogen sorption isotherms were recorded to obtain surface areas and pore size distributions by using a Quantachrome Instrument 

ASiQMVH002-5 analyzer at 77 K. The samples were pretreated under vacuum for 24 h at 120 °C before the tests to fully remove 

solvents inside the pore channels. The pore size distributions were determined by non-local density functional theory (NLDFT). 

 

Thermogravimetric analysis (TGA) 

TGA curves were performed on a Netzsch STA449F5 instrument under nitrogen atmosphere with N2 flow rate of 50 mL min–1 at the 

range of 40 to 800 oC with a heating rate of 10 oC min–1. All the samples were dried under a dynamic vacuum at 120 °C overnight 

before tests. 

 

Contact angle tests 

Contact angles were measured by using Data-Physics OCA-15E in terms of static water contact angle. A drop of sessile water (2 μL) 

was slowly dropped onto the samples by a microsyringe with a rate of 1 μL s−1 and side-view pictures were taken to evaluate the 

hydrophobicity of samples. 

 

Scanning electron microscopy (SEM)  

SEM images were collected on a ZEISS SUPRA-55 scanning electron microscope with 20 kV voltage and 10 μA current.  

 

Dynamic light scattering (DLS) 

Intensity particle size distributions of adsorbents were obtained by Zetasizer Nano (Malvern). 

 

Specific heat capacity (cp) tests 

Specific heat capacity tests were conducted on a differential scanning calorimetry (Netzsch DSC 204 F1) at a heating rate of 10 oC 

min–1 from 298 K to 313 K under N2 atmosphere. 

 

Thermal diffusivity tests  

Thermal diffusivities were measured using a Laser Flash Apparatus (LFA, Netzsch LFA467) at 298 K and 313 K. 

 

Water adsorption isotherm measurements 

Water vapor sorption isotherms were obtained by a Belsorp Instrument Max analyzer at different temperatures. Before experiments, 

COFs, MOFs and commercial adsorbents were heated under a vacuum at 120 °C, 150 °C and 200 °C, respectively, for 12 h to fully 

remove adsorbed water molecules and other solvents. 

 

Dynamic vapor sorption (DVS) experiments 

Dynamic water vapor adsorption and desorption experiments were collected under constant humidified airflow through BSD-DVS 

intelligent gravimetric analyzer (Beishide Instrument Technology (Beijing) Co., Ltd) with a mass inaccuracy is ±0.001 mg. It was 

automatically controlled to accurately regulate the temperature (5 to 300 °C) and water vapor pressure (1 to 95% RH). Before 

experiments, COFs and MOFs and commercial adsorbents were activated. 

 

Isosteric heat of adsorption of water calculations 

The isosteric heats of adsorption (Qst) for SHTA-Pa, DHTA-Pa and THTA-Pa COF were calculated with the Clausius-Clapeyron 

equation by measuring the water sorption isotherms at different temperatures. 
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Calculation of diffusivities based on the kinetic sorption 

The experimental diffusivities (D) and diffusional time constants (D/r2) were calculated based on the equation of 
𝑀𝑡

𝑀𝑒
=

6

√𝛱
∙ √

𝐷

𝑟2
∙ 𝑡[1], in 

which Mt and Me are the water vapor uptake at time t and at equilibrium, and r is the radius of the equivalent spherical particle. The 

slopes were derived by fitting the kinetic curves of Mt/Me versus √𝛱 at 298 K or 333 K. 

 

Calculation of thermal conductivity (λ) 

Thermal conductivities were obtained according to the equation of λ= a×cp×ρ, in which a, cp and ρ were thermal diffusivity, specific heat 

capacity, and density of adsorbents. 

 

Density functional theory (DFT) calculations 

All the calculations were carried out with the Vienna Ab initio Simulation Package (5.4.4 version). [2] The density functional theory (DFT) 

with the generalized gradient approximation (GGA) of Perdew-Burke-Ernzerhof (PBE) functional was employed.[3] The energy cutoff of 

the plane wave was set to 520 eV with an energy precision of 10−5 eV. The atomic positions were fully relaxed until the maximum force 

on each atom was less than 10−3 eV per Å. The Brillouin zone was sampled with a 1×1×1 Monkhorst−Pack k-mesh grid for both COF 

and MOF-801 slab model.[4] Periodic boundary conditions were used in all directions. For bulk MOF-801 and COFs, the Brillouin zone 

was sampled with a 1×8×1 and 2×2×2 Monkhorst−Pack k-mesh grid for COF and MOF-801, respectively. The atomic partial charges 

were calculated based on the electronic density obtained from the optimized structures. The obtained density distribution was extracted 

and used together with the optimized structures for the calculation of DDEC6 partial charges, [5] as interfaced with VASP package. 

Gaussian smearing with a width of 0.05 eV was used to aid the convergence of the DFT calculations. The DFT-D3 method of the 

Grimme van der Waals correction[6] was used to account for the long-range interactions. Energy barriers were calculated by using the 

climbing image nudged elastic band (CI-NEB) calculations, which are complementary to the NEB method. The lattice parameters for 

CI-NEB calculations are fixed, and are obtained from the PBE+D3 structural optimization.[7]  

 

Grand canonical Monte Carlo (GCMC) simulations 

The simulated adsorption isotherms were obtained by using the GCMC method, as implemented in the molecular simulation software 

package RASPA.[8] The structures of the MOF-801 and DHTA-Pa COF were treated as rigid framework during the simulations. The 

Monte Carlo moves in the GCMC simulations, including translational, rotational, addition/deletion, reinsertion, and identity change 

moves, were tried with equal probability. A total of 1 × 106 cycles were set for the initialization run, followed by a production run of 

another 1 × 106 cycles. To describe adsorbate-adsorbate interactions, the DREIDING force field[9] was used for MOF-801 and DHTA-

Pa COF (for MOF, except for the zirconium atoms whose parameters were taken from the universal force field [UFF] [10]). The partial 

charges of the framework atoms of the MOF-801 and DHTA-Pa COF were taken DDEC6 calculations. Water molecules were described 

by the TIP4P-EW model[11], which showed good agreements with the experimental results, in several different water-models.[12] In the 

calculations for each structure, supercell comprising 2×2×2 (1×8×1) unit cells for MOF-801 (DHTA-Pa COF) were used, ensuring the 

simulation box to be of at least twice the cutoff radius along each crystal direction. To compute P/P0 in all the water isotherms presented 

in this study, the saturation pressure (P0), is set as 3750 Pa at room temperature. NVT calculations were also performed to investigate 

the interaction energies and water adsorption configurations of the system at a given adsorption loading. The real part of the electrostatic 

interactions was evaluated up to a cut-off radius of 12.0 Å. Long-range electrostatic interactions were calculated by Ewald summation, 

with a relative precision of 10−6.  

 

Molecular dynamic (MD) simulations 

For MD simulations, all the MD simulation were conducted by the Large-scale Atomic/Molecular Massively Parallel Simulator(LAMMPS) 

from Sandia National Laboratories.[13] The basic concept behind it was to iterate Newton’s law of motion through many timesteps. It 

supported the force fields and gives reliable results. The simulation box was taken from GCMC simulated snapshots, and all the force 

field was same. Each simulated system was first equilibrated under NVT ensemble for 1 ns with a time step of 0.5 fs. Finally, a 10 ns 

production run was used for data analysis. The diffusion coefficients of water were calculated by using the Einstein equation, which 

were given by 

𝑀𝑆𝐷𝑖(𝑡) =< |𝑟𝑖⃗⃗ (𝑡) − 𝑟𝑖⃗⃗ (0)|
2 >  (𝑖 = 𝑥, 𝑦, 𝑧) 

𝐷𝑀𝑆𝐷 = lim
𝑡→∞

1

2𝑛𝑡
< |𝑟𝑖⃗⃗ (𝑡) − 𝑟𝑖⃗⃗ (0)|

2 > 

Where MSDi is the mean square displacement (MSD) equation; r(t) represents position of the water molecular mass center at time t; 

<> represents the average value of displacement of all water molecules in the system from initial time to time t; DMSD means the diffusion 

coefficient obtained by the time variability of MSD by the Einstein relation; n represents the calculated spatial dimension. Note that in 

the calculations we only consider the water molecules inside the confined space. Thus, the diffusion coefficient is  only obtained from 

the 1 ns of the MSD, as shown in Figure S19. 

 

Water vapor adsorption-desorption measurements 

Water vapor adsorption-desorption experiments were performed by four-station BSD-DVS intelligent gravimetric analyzer with the total 

flows at 400 mL min−1, in which each sample was under the flow constant of 100 mL/min. Prior to experiments, COFs, MOFs and 

commercial samples (Zeolite 13X and SAPO-34) were fully dehydrated under vacuum at 120 °C, 150 °C and 200 °C, respectively. The 

materials were exposed under the condition of 25 oC and desired constant flows with special humidity for adsorption.  
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Water adsorption/desorption cycle stability 

Multiple cycling test of water adsorption-desorption were also collected under constant humidified airflow with the relative humidity of 

30% by using a BSD-DVS intelligent gravimetric analyzer. They were carried out at 25 oC for adsorption and 40 oC for desorption with 

the flow constant of 100 mL/min for each adsorbent. Before adsorption, the COFs materials were fully active at 120 oC overnight. The 

adsorption/desorption cycles were repeated 80 times. 

 

Water capture and release system 

The homemade AWH device contained a testing chamber with a flexible polyimide heater (25 mm×50 mm, 12 V, 7 W) for heating 

samples to release the adsorbed water, and a hygrometer for monitoring the temperature and humidity of the chamber, a condenser 

that cooled the water vapor into liquid droplets, and a water reservoir for collection. The moist airflows with different targeted humidities 

(30% R.H., 40% R.H., 50% R.H.,) were precisely regulated by the ratio of dried nitrogen flow and the nitrogen flow passing through 

water solution. The top wall of the condenser was set to tilt, so that the condensed water droplets were quickly transported downward 

to the water collection reservoir. After the chamber was stable at the specific humidity with the continuous total flow constant of 400 

mL/min, the fully activated COF adsorbent were covered on the heater for adsorption equilibrium. Then, the heater was arranged for 

40 oC to release the water and the condenser was set to 25 oC. Through weighing the sample with a microbalance, the mass changes 

of DHTA-Pa COF were obtained, and the sample holder was together measured to minor experimental errors during the process of 

water capture and release. 

 

2. Chemicals and materials 

All chemicals and solvents used for the syntheses were purchased from commercial suppliers and used without further purification. 

The 1,4-dioxane and mesitylene were purchased from Energy Chemical. The tetrahydrofuran, methanol, DMF and hexane were 

purchased from Beijing Tong Guang Fine Chemicals Company. Precursors such as p-phenylenediamine (Pa), 2-hydroxybenzene-

1,3,5-tricarbaldehyde (SHTA), 2,4-dihydroxybenzene-1,3,5-tricarbal-dehyde (DHTA) and 2,4,6-trihydroxybenzene-1,3,5-

tricarbaldehyde (THTA) were purchased from Jilin Chinese Academy of Sciences-Yanshen Technology Co., Ltd. Fumaric acid and 

AlCl3·6H2O were purchased from Sigma Aldrich Co. 3,5-pyrazoledicarboxylic acid and ZrOCl2·8H2O were purchased from Macklin 

Biochemical Co., Ltd and Energy Chemical Co., Ltd. Zeolite 13X and SAPO-34 were purchased from Zhuo Ran Environmental 

Technology (Dalian) Co. Deionized water (DI water) was produced by Milli-Q water purification system. 
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3. Synthetic procedures 

Synthesis of SHTA-Pa COF

 

Scheme S1. Synthesis route of SHTA-Pa COF 

The SHTA-Pa COF was synthesized by solvothermal methods according to the literature.[14] Specifically, SHTA (40.0 mg, 0.22 mmol) 

and Pa (36.4 mg, 0.34 mmol) were weighed into a pyrex tube with the addition of 3 mL dioxane. Followed by sonication for 20 min to 

attain a homogeneous solution, 300 μL aqueous acetic acid (6 M) was added. The mixture was degassed through three freeze-pump-

thaw cycles, and then the tube was sealed and kept at 120 oC in an oven for 3 days without disturbance. After further cooling down to 

room temperature, the precipitate was collected and washed with 1,4-dioxane for several times to get a colorless supernatant. Finally, 

the deep orange powder (60.4 mg, 94%) was obtained by drying at 120 oC under dynamic vacuum for 12 h. 
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Synthesis of DHTA-Pa COF 

 

Scheme S2. Synthesis route of DHTA-Pa COF 

The DHTA-Pa COF was synthesized by solvothermal methods according to the literature.[14] Specifically, DHTA (40.0 mg, 0.22 mmol) 

and Pa (33.4 mg, 0.31 mmol) are weighed into a pyrex tube with the addition of dioxane/mesitylene (1/1, v/v, 3 mL). Followed by 

sonication for 20 min to attain a homogeneous solution, 300 μL aqueous acetic acid (3 M) was added. The mixture was degassed 

through three freeze-pump-thaw cycles, and then the tube was sealed and kept at 120 oC in an oven for 3 days without disturbance. 

After further cooling down to room temperature, the precipitate was collected and washed with 1,4-dioxane for several times to get a 

colorless supernatant. Finally, the dark powder (57.3 mg, 92%) was obtained by drying at 120 oC under dynamic vacuum for 12 h. 
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Synthesis of THTA-Pa COF 

 

Scheme S3. Synthesis route of THTA-Pa COF 

 

The THTA-Pa COF was synthesized by solvothermal methods according to the literature.[15] Specifically, THTA (63 mg, 0.3 mmol) and 

Pa (48 mg, 0.45mmol) are weighed into a pyrex tube with the addition of dioxane/mesitylene (1/1, v/v, 3 mL). Followed by sonication 

for 20 min to attain a homogeneous solution, 500 μL aqueous acetic acid (3 M) was added. The mixture was degassed through three 

freeze-pump-thaw cycles, and then the tube was sealed and kept at 120 oC in an oven for 3 days without disturbance. After further 

cooling down to room temperature, the precipitate was collected and washed with 1,4-dioxane for several times to get a colorless 

supernatant. Finally, the red powder (89.0 mg, 80%) was obtained by drying at 120 oC under dynamic vacuum for 12 h. 

 

 

 

 

Synthesis of MOF-801 

The MOF-801 was synthesized by solvothermal methods according to the literature.[16] Fumaric acid (1.16 g, 50 mmol) and ZrOCl2·8H2O 

(3.2 g, 50 mmol) were weighed into a 100 mL screw-capped jar with the addition of DMF (40 mL) and formic acid (14 mL). The resulting 

mixture was kept in an oven at 130 ºC for 10 hours to produce a white precipitate. After cooling down to room temperature, the white 

powder was collected by filtration and washed three times daily with DMF for three days and followed by methanol washing. After that, 

the sample was kept at 100 ºC for 12 hours in the vacuum chamber to activate the white powder. 

 

 

 

 

Synthesis of MOF-303 

The MOF-303 was synthesized by solvothermal methods according to reported literature.[16-17] Specifically, 3, 5-pyrazoledicarboxylic 

acid monohydrate (0.750 g, 4.31 mmol) was dissolved in deionized water (72.5 mL), and then 2.5 mL aqueous NaOH solution (2.57 

M) was added as drops. The resulting solution was then maintained for 30 min at 120 oC under stirring. Afterward, AlCl3·6H2O (1.04 g, 

4.31 mmol) was added accompanied by the formation of a white precipitate. After sonication to obtain a clear solution, it was heated at 

100 oC for 15 hours in an oven. When the system had been cooled to room temperature, the precipitate was collected and rinsed with 

water for several times. Finally, the white power was further cleaned with methanol using a soxhlet apparatus for 24 hours, followed by 

24 hours of drying at 120 oC in a vacuum oven. 
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4. Results and discussion 

 

Figure S1. FTIR-ATR spectra of (a) SHTA-Pa COF, (b) DHTA-Pa COF, and (c) THTA-Pa COF and their corresponding monomers. 
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Figure S2. Solid-state 13C CP/MAS SSNMR spectra of SHTA-Pa COF (black), DHTA-Pa COF (blue), and THTA-Pa COF (purple).  
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Figure S3. Experimental and simulated PXRD patterns for (a) SHTA-Pa COF, (b) DHTA-Pa COF, and (c) THTA-Pa COF. 
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Figure S4. Nitrogen adsorption-desorption isotherms and the corresponding pore size distributions of (a-b) SHTA-Pa COF, (c-d) DHTA-Pa COF, and (e-f) THTA-

Pa COF. 
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Figure S5. TGA analyses of SHTA-Pa COF, DHTA-Pa COF, and THTA-Pa COF. 
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Figure S6. Water contact angle images of (a) SHTA-Pa COF, (b) DHTA-Pa COF, and (c) THTA-Pa COF at different times. 
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Figure S7. (a) Simulated the adsorption of one water per binding sites in SHTA-Pa Pa COF with ketone or hydroxy, and (b) the corresponding adsorption energy 

barriers. 

From the IR and NMR results, the enol-to-ketone tautomerism of SHTA-Pa COF was uncompleted. Thus, we simulated the adsorption of one water, which occupied 

each binding site of SHTA-Pa COF with hydroxy or ketone, to investigate the influence of functionality for water adsorption. We calculated their adsorption energy 

barriers of hydrophilic sites per unit cell. The SHTA-Pa COF with ketone groups exhibited a higher energy barrier than that with hydroxy, indicating a stronger 

adsorption ability for ketone groups. 
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Figure S8. (a) Water sorption isotherms of DHTA-Pa COF at 298 K and 313 K, and (b) the calculated isosteric heats of adsorption. 
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Figure S9. (a) Water sorption isotherms of SHTA-Pa COF at 298 K and 313 K, and (b) the calculated isosteric heats of adsorption. 
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Figure S10. (a) Water sorption isotherms of THTA-Pa COF at 298 K and 313 K, and (b) the calculated isosteric heats of adsorption. 
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Figure S11. (a) Experimental and simulated PXRD patterns, (b) nitrogen adsorption-desorption isotherms, (c) water sorption isotherms at 298 K, and (d) SEM 

image of MOF-303. 
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Figure S12. (a) Experimental and simulated PXRD patterns, (b) nitrogen adsorption-desorption isotherms, (c) water sorption isotherms at 298 K and 313 K, and (d) 

SEM images of MOF-801. 

 



SUPPORTING INFORMATION          

21 

 

 

 

Figure S13. (a) Experimental and simulated PXRD patterns, (b) nitrogen adsorption-desorption isotherms, (c) water sorption isotherms at 298 K and 313 K of Al-
fumarate. 
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Figure S14. (a) Nitrogen adsorption-desorption isotherms and (b) water sorption isotherms of zeolite 13X at 298 K and 313 K.
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Figure S15. (a) Nitrogen adsorption-desorption isms and (b) the water sorption isotherms of SAPO-34 at 298 K and 313 K. 
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Figure S16. (a) Molecular structures of (left) 3D-TFPM-DHBD COF constructed by the condensation of tetra(4-formylphenyl)methane (TFPM) and 3,3’-

dihydroxybenzidine (DHBD) and (right) its corresponding ninefold interpenetrated dia topology.[18] (b) Experimental and simulated PXRD patterns and (c) nitrogen 

adsorption-desorption isotherms as well as the corresponding (d) pore size distribution of 3D-TFPM-DHBD COF. (e) Experimental water sorption isotherm at 298 

K and (f) dynamic performance of water adsorption (298 K) and desorption (333 K) for 3D-TFPM-DHBD COF with 70% R.H. airflow. 
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Figure S17. Comparison of apparent water vapor adsorption rates with the state-of-the-art porous sorbents. 
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Figure S18. Intensity particle size distributions of adsorbents by dynamic light scattering, including DHTA-Pa COF, MOF-303, MOF-801, zeolite 13X, SAPO-34, Al-

fumarate, 3D-TFPM-DHBD COF. 
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Figure S19. Kinetic profiles of (a) DHTA-Pa, (b) MOF-303, (c) MOF-801, (d) Al-fumarate, (e) zeolite 13X and (f) SAPO-34 for water vapor adsorption at 298 K and 

30% R.H.
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Figure S20. Kinetic profiles of (a) DHTA-Pa, (b) MOF-303, (c) MOF-801, (d) Al-fumarate, (e) zeolite 13X and (f) SAPO-34 for water vapor desorption at 333 K. 
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Figure S21. Kinetic profiles of 3D-TFPM-DHBD COF for (a) water vapor adsorption at 298 K with 70% R.H. airflows and (b) water vapor adsorption desorption at 

333 K. (c) Calculated experimental diffusivities of 3D-TFPM-DHBD COF for water adsorption at 298 K and (d) desorption at 333 K. 
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DHTA-Pa MOF-303 MOF-801 Al-fumarate Zeolite 13X SAPO-34 3D-TFPM-DHBD  

 
Mean Size (µm) 2.783 0.980 2.305 0.988 2.182 3.131 0.615 

 
r2 (µm2) 1.936 0.240 1.328 0.244 1.190 2.451 0.095 

298 K 

Slope 0.186 0.133 0.147 0.058 0.184 0.121 0.279 

D/r2 3.02x10-3 1.54x10-3 1.88x10-3 0.29 x10-3 2.95x10-3 1.28x10-3 6.79 x10-3 

D (x10-3 µm2/min) 5.85 0.37 2.50 0.071 3.51 3.13 0.65 

333 K 

Slope 0.473 0.171 0.092 0.263 0.040 0.065 0.370 

D/r2 19.52x10-3 2.55x10-3 0.74x10-3 6.04 x10-3 0.37x10-3 0.14x10-3 11.95 x10-3 

D (x10-3 µm2/min) 36.78 0.61 0.98 1.47 0.44 0.34 1.13 

Table S1. The experimental diffusivities of adsorbents calculated by dynamic curves of water adsorption (298 K) and desorption (333 K), in which the dynamic tests 

of DHTA-Pa, MOF-303,  Al-fumarate, zeolite 13X and SAPO-34 were conducted with 30% R.H. airflow, and the test of 3D-TFPM-DHBD was performed under 70% 

R.H. airflow. 
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Figure S22. Simulated adsorption of water in MOF-801 by GCMC simulation at 298 K as a function of pressure: (a) P/P0 = 0.11, (b) P/P0 = 0.26, (c) P/P0 = 0.31, 

and (d) P/P0 = 0.36. Colors of the atoms in MOF-801: Zr, green; O, red; C, brown; H, pink. Colors of the atoms in water molecules: H, purple; O, rose red. 
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Figure S23. Experimental and GCMC simulated water sorption isotherms of MOF-801 at 298 K. 

The distinction of water adsorption isotherms between perfect MOF-801 (without defects) and experimentally obtained samples, especially in inflection points and 

adsorption capacity, were ascribed to the structural defects.[19] L. C. Lin and J. C. Grossman have been fully investigated the effect of defects on water adsorption 

thermodynamics in MOF-801 structures at an atomic level by GCMC and first-principle density functional theory calculations.[19a] The reasonably good agreement 

of water adsorption isotherm was achieved with the increase of defects, suggesting a high defect density in MOF-801 was responsible for its hydrophilic adsorptive 

properties. 

 

 

  



SUPPORTING INFORMATION          

33 

 

 

 
Figure S24. Adsorption energy barrier for external infiltration and internal diffusion of water molecule in different adsorbents, including MOF-801, SHTA-Pa COF, 

DHTA-Pa COF and THAT-Pa COF. 
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Figure S25. Water molecules mobility paths in MOF-801 at the adsorption stage: (a) external infiltration and (b) internal diffusion. Colors of the atoms in MOF-801: 

Zr, green; O, red; C, brown; H, pink. Colors of the atoms in water molecules: H, blue; O, rose red. 

 
 
 
 
 
 
 
  



SUPPORTING INFORMATION          

35 

 

 
 

 

Figure S26. Water molecules mobility paths in COFs of external infiltration and internal diffusion at the adsorption stage for (a-b) SHTA-Pa COF, (c-d) DHTA-Pa 

COF, and (e-f) THTA-Pa COF, respectively. Colors of the atoms in COFs: O, red; C, brown; N, gray; H, pink. Colors of the atoms in water moleculers: H, blue; O, 

rose red. 

 
 



SUPPORTING INFORMATION          

36 

 

 
 

Figure S27. (a) Energy barriers of water desorption along the 1D channel direction in MOF-303, Al-fumarate and DHTA-Pa COF. (b-d) Simulations of water 

desorption path for one water molecule to pass across the pores in DHTA-Pa COF (b), MOF-303 (c) and Al-fumarate (d). 
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Figure S28. Crystal structure of DHTA-Pa COF along the (a) b-axis and (b) c-axi, MOF-303 along the (c) a-axis and (d) c-axis, and Al-fumarate along the (e) a-axis 

and (f) b-axis. 
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Figure S29. (a-b) Dynamic performance of water adsorption of DHTA-Pa COF and MOF-801 at 298 K and 303 K and (c) their corresponding activation energies 

for adsorption. (d-e) Dynamic performance of water desorption of these two adsorbents at 333 K and 353 K and (f) their corresponding activation energies for 

desorption.  
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Figure S30. Calculated diffusion coefficient of water molecules in (a-b) DHTA-Pa COF at 298 K and 313 K, respectively, and (c-d) MOF-801 at 298 K and 313 K, 

respectively. 
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Figure S31. Kinetic profiles of water vapor adsorption at 298 K and 30% R.H. for (a) DHTA-Pa and (b) MOF-801 with the linear fitting curves, and their corresponding 

(c) experimental diffusivities for adsorption. The kinetic desorption curves of (d) DHTA-Pa and (e) MOF-801 at 313 K with 30%R.H. airflows, respectively, and their 

corresponding (f) experimental diffusivities for desorption. 
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Figure S32. Cycling stability test of DHTA-Pa COF by DVS measurements. Water adsorption was conducted at 298 K and desorption at 313 K with 30% R.H. 

airflow. 
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Figure S33. Cycling stability test of THTA-Pa COF by DVS measurements. Water adsorption was conducted at 298 K and desorption at 313 K with 30% R.H. 

airflow. 

. 
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Figure S34.  PXRD patterns of DHTA-Pa COF before and after (a) immersing in water for 5 days or (c) cycling tests.  N2 sorption isotherms of DHTA-Pa COF 

before and after (b) immersing in water for 5 days or (d) cycling tests. 
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Figure S35. Schematic illustration of water vapor sorption measurement setup.   
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Figure S36. Water desorption tests (a) with and (b) without DHTA-Pa COF in AWH device, which performed at 313 K after the water adsorption at 30% R.H and 

298 K.   
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Figure S37. (a) Specific heat capacity and (b) thermal conductivity of DHTA-Pa COF, MOF-303 and MOF-801. 
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  DHTA-Pa MOF-303 MOF-801 

 Powder density 
(kg/m3) 

1160 1184 1650 

298 K  

Specific heat capacity 
(J kg–1 K–1) 

1234.33 644.08 379.8 

Thermal diffusivity 
(x10-6 m2/s) 

0.183 0.181 0.152 

Thermal conductivity 
(W m–1 K–1) 

0.2620 0.1380 0.0953 

313 K 

Specific Heat Capacity 
(J kg–1 K–1) 

1338.38 1214.64 764.63 

Thermal diffusivity 
(x10-6 m2/s) 

0.172 0.177 0.146 

Thermal Conductivity 
(W m–1 K–1) 

0.2670 0.2545 0.1842 

Table S2. The calculation of thermal conductivities in DHTA-Pa COF, MOF-303 and MOF-801. 
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Figure S38. Dynamic performance of DHTA-Pa COF for water uptake (298 K) and release (313 K) in the AWH chamber at different R.H. 
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