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Simulation of water sorption isotherm 

Imogolite adsorb water on two distinct surfaces. Part of the water is adsorbed inside the internal 

pore of the nanotube whose internal surface is very hydrophilic in the case of IMO-OH and 

very hydrophobic in the case of IMO-CH3. Part of the water is also adsorbed on the external 

surface of the nanotubes which is covered by Al-OH-Al groups for both imogolites. The 

curvature of the two types of tubes is however different and may change strongly the affinity 

for water.1 The presence of these two surfaces make the distinction of internal and external 

adsorbed water a challenging task which requires the use of a model.2,3 The theoretical 

modeling of the internal water adsorption is highly dependent on the water model and on the 

motions of the internal hydroxyl groups.3,4 For external water, the task is very difficult due to 

the impact of the bundle packing and of the presence of impurities (salt). 3  

The affinity between water and the two surfaces controls the amount of adsorbed water as a 

function of RH. The structure of the nanotube packing plays also an important role in the 

external water adsorption by controlling the size distribution and shape of the pores. The total 

amount of water adsorbed was measured at each RH value for both imogolites (Figure 1 in the 
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main text). In order to estimate the proportion of internal and external water, a model of the 

water adsorption which takes into account the contrasted water affinity between the inside and 

outside surface and also the powder structure, has to be used. The model is based on the water 

filling of a 2D random arrangement of imogolite nanotubes. To build this random packing, a 

defined number of nanotubes (not overlapping) are first randomly placed on a 2D matrix. Then 

2D hexagonal crystals are grown around each nanotube until a defined solid volume fraction φ 

is reached. φ is chosen so that the whole available space is filled by water at RH = 100%. 

The water adsorption has two distinct regimes in our model. At low RH values, when less than 

a monolayer of water is adsorbed on average, the quantity of adsorbed water is well described 

by the BET equation:  
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with m the mass of adsorbed water, m0 the mass of a monolayer, 
𝑝

𝑝0
 the ratio between equilibrium 

and saturation pressures (equal to the RH value, once multiplied by 100) and c the BET constant 

describing the affinity of water for the surface. In the present model, two distinct BET constants 

are considered; cin and cout for the internal and external surfaces, respectively.  

At higher RH values, when more than a monolayer is adsorbed on average, the system behaves 

differently. The water layer starts to be continuous on the surface and an interfacial tension is 

then active giving rise to capillary condensation. To describe the equilibrium of the water layer 

as a function of RH at both internal and external surfaces, we used a method adapted from Or 

and Tuller.5 In this second regime, the chemical potential (μ) of the water film is the sum of two 

contributions: an adsorption component A(h) and a capillary component C(k), with h the water 

film thickness and k = 1/rc the film curvature. Taking into account van der Waals effects only, 

the chemical potential is expressed as: 

𝜇 =  
𝐴𝑠𝑣𝑙

6𝜋𝜌ℎ3 − 2
𝜎𝑘

𝜌
 

with 𝐴𝑠𝑣𝑙  the Hamaker constant for solid-vapor interaction through the liquid film (𝐴𝑠𝑣𝑙 < 0 

for adsorption), 𝜌 the liquid density and 𝜎 the surface tension of the liquid-vapor interface. To 

have a self-consistency between the low RH and high RH regime, we ensure that the same water 
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monolayer thickness is obtained at the common RH value. According to the BET equation, the 

monolayer thickness h0 is obtained when 
𝑝

𝑝0
=

1

1+√𝑐
.  

So we use 𝐴𝑠𝑣𝑙 = 6𝜋𝜌ℎ0
3 RT

𝑀
ln (

𝑝

𝑝0
), with M the molecular weight of  the water molecule and 

h0 equal to 2.3 Å (which correponds to the thickness of a water layer).  

At each RH value, the random imogolite matrix is filled with water respecting the minimum 

film thickness h and the minimum film curvature k as shown on Figure S1. The water percentage 

can then be expressed as a function of the number of pixels occupied by water and by imogolite.   

 

Fig. S1. Picture of the imogolite random packing showing the rules for water filling. 

For IMO-OH, the water adsorption isotherm is well described if one consideres dense bundles 

of nanotubes. Between each bundle, only a few large mesopores exists. Figure S2 shows the 

model water adsorption in IMO-OH and the snapshots of the simulated matrix for RH = 3, 11, 

43 and 74%.  
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Fig. S2. (Top) Snapshots of water filling in IMO-OH at selected RH values. (Bottom) 

Experimental water isotherm (points) together with the simulation (green line). The water 

percentage present inside or outside the tubes is displayed with an orange and blue color, 

respectively as a function of p/p0.  

 

For IMO-CH3, the water adsorption isotherm is very different. To reproduce the observed 

adsorption behavior, very small bundles with a distribution of mesopores between them have 

to be considered. Figure S3 shows the simulated isotherm with snapshots of the matrix at RH 

= 3, 11, 43 and 74%. Only external water enables is present.  
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Fig. S3. (Top) Snapshots of water filling in IMO-CH3 at selected RH values. (Bottom) 

Experimental water isotherm (points) together with the simulation (blue line). The water 

percentage present outside the tubes is displayed as a function of p/p0.  
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TEM images of dried suspensions of imogolites  

A 5 µL drop of an aqueous imogolite suspension (~80 mg.L-1) was deposited on a copper grid 

covered with a carbon film (Agar Scientific). The excess liquid was blotted off with paper filter 

after about 10 seconds.  

Transmission electron microscopy (TEM) was performed on a Philips CM12 electron 

microscope operated at 80 kV. Images were collected with a Gatan UltraScan® 4000 camera.  

 

 

 

Fig. S4. TEM images of dried suspensions of imogolite: IMO-OH (a) and IMO-CH3 (b).   

 

 

(a) (b)
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Fig. S5. Quasi-elastic intensity integrated near the elastic line ([0.025 : 0.075] meV) for IMO-

OH and IMO-CH3 (both 11% RH) versus temperature. 

The integrated energy range selected corresponds to the HWHM of the narrow Lorentzian. 

The intensity increases continuously for IMO-CH3 showing that the dynamics of CH3 groups 

activates from very low temperature (around 50 K). 

In the case of IMO-OH we observe a very sharp increase of the quasi-elastic intensity from 200 

K corresponding to the activation of water and OH groups. 
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Fig. S6. HWHM of the narrow Lorentzian component plotted versus Q2, for the IMO-OH 

samples equilibrated at 3% (red points); 11% (green up triangles) and 43% RH (blue down 

triangles) value.  
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Fig. S7. EISF data for IMO-OH equilibrated at 11% RH.  
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