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Methods: 

GO membrane preparation:
Graphene oxide was prepared using Hummer’s method [1]. Briefly, 1.0 g of sodium nitrite 

and 2.0 g of graphite flakes with the size of 0.5 μm (from Sigma-Aldrich) is stirred with 48 mL 

of Con. H2SO4 in an ice bath. 4.6 g of KMnO4 was then slowly added to the suspension to 

maintain temperature of the mixture below 15°C. The mixture was then stirred at room 

temperature for 30 mins, before being diluted using 100 mL Milli-Q water. The reaction 

vessel was kept at 98°C for half an hour and then 100 mL of 2% hydrogen peroxide solution 

was added. The solid in the suspension then gets separated and washed using 1.5 L of Milli-

Q water GO membrane were prepared by vacuum filtration of the resulting GO suspension 

through a 0.2 µm Polyvinylidene fluoride membrane. rGO was prepared by soaking GO 

membrane in 10% hydroiodic acid for 4 hours. The resulted sample showed bright reflection 

of light and a hydrophobic feature.  

Adsorption of water vapour in GO:

Adsorption equilibrium experiments were performed at atmospheric pressure in an 

Environmental chamber. The relative pressure was controlled to ±3% and the temperature 

could be controlled to an accuracy of ±1 K. A microelectronic balance with an accuracy of 

0.0001 g was used to measure the sample weight. The disk like GO membrane has a radius 
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of 4cm and a thickness of 4-7µm. the grinded GO with similar thickness but significant lower 

radius of around 3-5mm. The granular silica gel was purchased from Sigma-Aldrich with pore 

size of 2.4nm and particle size of 0.2mm to 1mm. 0.05 g dry mass of every prepared 

adsorbent was placed or spread evenly on a Petri-dish with 10cm in diameter. The samples 

were pre-heated for 10 minutes and 30 minutes for GO and silica gel respectively at 80°C to 

discharge excess water prior testing at different temperatures and humidity. To measure 

the adsorption isotherm, all samples were kept in the environment chamber for at least 40 

minutes. The sample weight was constantly inspected until no more weight change was 

noticed to ensure that the sample reach the adsorption equilibrium. Due to the fast water 

adsorption rate, GO membrane is expected to be applied to a moderate to high humidity 

environment for fast adsorption/desorption cycle. Thus, water adsorption rate was 

measured by recording the weight change of samples at 25°C and moderate humidity of P 

P0
-1 = 0.53, after being dried at 80°C. The samples were then placed in a desiccator for 

cooling prior to the weight measurement to illuminate heat effect on mass balance. 

Simulation methods:

Classical molecular dynamics (MD) simulations were performed using the large-scale 

atomic/molecular massively parallel simulator (LAMMPS) [2]. The all-atom optimized 

potentials for liquid simulations (OPLS-AA) [3] were used for GO, which can capture 

essential many-body terms in interatomic interactions, including bond stretching, bond 

angle bending, nonbonding van der Waals and electrostatic interactions [4]. Three planar 

GO sheet (5*5 nm) with functional groups randomly seeded on the plane was created using 

MOLTEMPLATE [5]. Four graphene walls were set at the edge of upper and lower GO sheet 

to ensure water absorbed only in the two GO laminates. SPC/E model [6] was selected for 

water molecule with SHAKE algorithm [7] for constraining bond and angle. The interaction 

between water molecules and graphene or GO sheets includes both van der Waals and 

electrostatic terms. The former choice is described by the 12−6 Lennard−Jones potential VLJ 

= 4ε[(σ/r)12 − (σ/r)6] as a function of the interatomic distance r, with interaction 

parameters between water molecules and carbon atoms and functional group of GO are ϵ = 

0.09369 kcal mol-1, σ = 3.19 Å and ϵ = 0.1553 kcal mol-1, σ = 3.17 Å respectively [8]. The 

partial charge of hydrogen, carbon and oxygen from GO was set to be 0.3294e, 0.1966e and 

-0.526e respectively [9]. The van der Waals forces are truncated at a distance of 1nm with a 
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constant shift in the energy over the whole range to remove the discontinuity. The long-

range Coulombic interactions were computed using the particle−particle particle-mesh 

algorithm (PPPM) [10]. 

Figure s1: MD simulation geometry with a) single GO flake at 10% oxidation level, functional 
group facing both side of the flake, b) 3 GO flake forming and water molecule in the two GO 
laminates. Four graphene walls were the constructed at the edge of the GO flake to prevent 
water molecule trapped at below and above the GO laminates in the simulation box.

A simulation box of 5×5×4.5 nm was employed with periodic boundary condition applied at 

all directions (Figure s1). Detailed simulation geometry is shown in the supplementary 

information (Table s1). The simulation time step of 1 fs was selected for the integration of 

equation of motion. The overall system was minimized for 1000-time steps prior simulation 

and was electro-neutral to guarantee the convergence of the Ewald sum. 

In order to predict the water uptake at different humid conditions, the simulations are 

carried out in the NVT ensemble with the Nosé−Hoover thermostat at 300K. Preselected 

interlayer spacing (based on XRD results) was used at different RH. The amount of water 

kept inside the GO laminate at the beginning of the simulation were continuously varied 

until no water molecule come out of the GO sheet until 10ns. 10% functional group as well 

as no defects was selected as default, while the variation of these two values was simulated 

under P P0
-1 = 0.6.
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The self-diffusion coefficient of water was calculated from the trajectory of water atom 

inside GO laminates at equilibrium state by using Einstein’s correlation function between 

atomic position and diffusivity D = limt →∞ (│r(t) – r(0)│)/2dit, where r is the position of the 

atom, t is simulation time step and di is the dimensions of space for water movement. Due 

to the 2D porous natural of GO, water movement in the normal direction is limited compare 

to the in-plane motion. So the di = 2 was considered in this simulation [11]. The diffusivity 

was calculated using results from 0.5 ns after the simulation system reach equilibrium to 

ensure an accurate estimation of the diffusion constant. The adsorption enthalpy was 

calculated by comparing the total energy of water at a constant relative pressure and at the 

equilibrium state (when absorbed in GO laminates).

Additional results

Figure s2: MD simulation predicted water uptake for modified GO membrane with a) 
different oxidation level, b) defect percentage
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Figure s3: GO and silica gel’s water uptake at different desorption temperatures
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Figure s4: GO water adsorption capacity over 10 cycles of regeneration.

Figure s5: The number of water molecules (over 48 total water molecules) absorbed by GO 
as a function of time. The simulation was set at 60% relative humidity with a d-spacing of 
8.6 Å for GO membrane.
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Figure s6: Simulated water molecule diffusion coefficient in GO at different humidity.

Figure s7: Surface roughness of GO at red line shown in AFM image (figure 2d main text)

Table s1: Summary of MD simulation for GO water adsorption at different relative 
pressure 

Description Value
No. Flake 3
GO flack dimension 5nm*5nm
Total carbon in GO 2880
Total functional group in GO 288
Relative pressure, P P0

-1 0.15 0.3 0.45
D spacing of GO, nm 0.69 0.76 0.8
No. Water molecule absorbed 390 507 567
P/P0 0.6 0.75 0.9
D spacing of GO, nm 0.86 0.96 11.3
No. Water molecule absorbed 672 860 1268
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