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1. Materials and methods 

 

1,3,5-benzenetricalbaldehyde, 2-aminoterephthalic acid, fumaric acid, zirconium chloride, 1,4-
dioxane, acetic acid and mesitylene were purchased from Sigma Aldrich. 1,3,5-tris-(4-
aminophenyl)benzene was obtained from TCI (Tokyo Chemical Industry, Co). DMSO, acetone, 
dimethylformamide and toluene were obtained from Fisher Chemical. All the reagents were 
used without further purification. Deionised water was obtained with a Milli-Q® system (18.2 
MΩ·cm). 

X-ray powder diffraction (XRPD) patterns were collected on an X'Pert PRO MPDP analytical 
diffractometer (Panalytical) at 45 kV, 40 mA using CuKα radiation (λ = 1.5419 Å). Nitrogen 
adsorption and desorption measurements were done at 77 K using an Autosorb-IQ-AG analyser 
(Quantachrome Instruments). Gravimetric water vapor sorption isotherms were measured using 
a DVS vacuum instrument (Surface Measurement Systems Ltd). The weight of the dried powder 
(~ 20 mg) was constantly monitored with a high-resolution microbalance (± 0.1 μg) and recorded 
at 25 °C (± 0.2 °C) under pure water vapor pressures. Field-Emission Scanning Electron 
Microscopy (FESEM) images were collected on a FEI Magellan 400L scanning electron 
microscope at an acceleration voltage of 2.0 KV, using aluminium as support. High-Angle Annular 
Dark-Field Scanning Transmission Electron Microscopy (HAADF-STEM) images were collected on 
a Transmission Electron Microscope (TEM; FEI Tecnai G2 F20) at 200 KV. Cross-section of the 
beds was obtained using FEI Dual-Beam Strata 235 Focused Ion Beam, equipped with a Ga ion 
source. 3D reconstruction was made helped by FEI software. ICP-OES measurements were 
performed using an Agilent 7500 after HF digestion. Prior to the ICP analysis, samples were 
degassed under nitrogen flow at 150 °C. 
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2. Synthetic procedures. 
 

2.1. Synthesis of UiO-66-NH2. 

In a typical synthesis, 1.3 mL of acetic acid was added to a solution of 160 mg (0.7 mmol) of ZrCl4 
and 88 mg (0.5 mmol) of 2-aminoterephthalic acid (NH2-BDC) in 40 mL of DMF. The resulting 
solution was placed in a Teflon-lined stainless-steel autoclave and heated at 120 °C for 24 h. The 
solid obtained was collected by centrifugation, washed twice with 40 mL of DMF and twice with 
40 mL of absolute ethanol. Finally, the resulting powder was dried at 85 °C overnight. 

2.2. Synthesis of Zr-Fumarate. 

In a typical synthesis, 2.7 mL of formic acid was added to a solution of 240 mg (1.0 mmol) of 
ZrCl4 and 360 mg (3.1 mmol) of fumaric acid in 20 mL of DMF. The resulting solution was placed 
in a Teflon-lined stainless-steel autoclave and heated at 120 °C for 24 h. The solid obtained was 
collected by centrifugation, washed twice with 40 mL of DMF and twice with 40 mL of absolute 
ethanol. Finally, the resulting powder was dried at 85 °C overnight. 

2.3. Synthesis of COF-TAPB-BTCA  

Step 1. Spray-drying synthesis of imine-based polymeric beads 

A solution of 189.5 mg (1.2 mmol) of 1,3,5-benzenetricalbaldehyde (BTCA) in 45 mL of a mixture 
of DMSO and acetic acid (9:1 v/v) and a solution of 429.2 mg (1.2 mmol) of 1,3,5-tris-(4-
aminophenyl)benzene (TAPB) in 45 mL of DMSO were independently atomized using a two fluid 
nozzle in T-mode at a feed rate of 3.0 mL·min-1, a flow rate of 336 mL·min-1 and an inlet 
temperature of 200 °C, using a B-290 Mini Spray Dryer (BÜCHI Labortechnique). A yellow powder 
was collected after 15 min. The resulting solid was then dispersed in 20 mL of acetone and 
precipitated by centrifugation at 9000 rpm for 2 min. This process was repeated three times. 
Finally, the resulting powder (imine-based polymeric beads) was dried at 65 °C overnight. 

Step 2. Amorphous to crystalline transformation process 

50 mg of imine-based polymeric beads was dispersed in 6.6 mL of a mixture of 1,4-dioxane and 
mesitylene (9:1 v/v). Then, 1.1 mL of water and 1.6 mL of acetic acid were added to the 
dispersion at room temperature and stirring for 5 min. The resulting mixture was heated at 80 
°C under stirring at 230 rpm for 3 days. The obtained solid was collected by centrifugation at 
9000 rpm for 4 min, washed two times with 10 mL of toluene. This process was repeated twice 
with acetone instead of toluene. The final product was dried at 65 °C overnight.  

2.4. Synthesis of UiO-66-NH2@COF-TAPB-BTCA beads 

Step 1. Spray-drying synthesis of imine-based polymeric beads containing encapsulated UiO-
66-NH2 

A dispersion of 40 mg of UiO-66-NH2 in 6.66 mL of DMSO was added to a solution of 143.1 mg 
(0.3 mmol) of TAPB in 8.33 mL of DMSO and stirred for 15 min. The resulting mixture and a 
solution of 63 mg (0.3 mmol) of BTCA in 15 mL of a mixture of DMSO and acetic acid (9:1 v/v) 
were independently atomized using a two-fluid nozzle in T-mode at a feed rate of 3.0 mL·min-1, 
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a flow rate of 336 mL·min-1 and an inlet temperature of 200 °C, using a B-290 Mini Spray Dryer 
(BÜCHI Labortechnique). A yellow powder was collected after 15 min. The resulting solid was 
then dispersed in 20 mL of acetone and precipitated by centrifugation at 9000 rpm for 2 min. 
This process was repeated three times. Finally, the resulting powder (imine-based polymeric 
beads containing encapsulated UiO-66-NH2) was dried at 65 °C overnight. 

Step 2. Amorphous to crystalline transformation process 

50 mg of imine-based polymeric beads containing encapsulated UiO-66-NH2was dispersed in 6.6 
mL of a mixture of 1,4-dioxane and mesitylene (9:1 v/v). Then, 1.1 mL of water and 1.6 mL of 
acetic acid were added to the dispersion at room temperature and stirring for 5 min. The 
resulting mixture was heated under reflux at 80 °C with stirring at 230 rpm for 3 days. The 
obtained solid was collected by centrifugation at 9000 rpm for 4 min, washed two times with 10 
mL of toluene. This process was repeated twice with acetone instead of toluene. The final 
product was dried at 65 °C overnight.  

2.5. Synthesis of Zr-Fumarate@COF-TAPB-BTCA 

Step 1. Spray-drying synthesis of imine-based polymeric beads containing encapsulated Zr-
Fumarate 

A dispersion of 40 mg of Zr-Fumarate in 7.5 mL of DMSO was added to a solution of 143.6 mg 
(0.4 mmol) of TAPB in 7.5 mL of DMSO and stirred for 15 min. The resulting mixture and a 
solution of 63.2 mg (0.4 mmol) of BTCA in 15 mL of a mixture of DMSO and acetic acid (9:1 v/v) 
were independently atomized using a two-fluid nozzle in T-mode at a feed rate of 3.0 mL·min-1, 
a flow rate of 336 mL·min-1 and an inlet temperature of 200 °C, using a B-290 Mini Spray Dryer 
(BÜCHI Labortechnique). A yellow powder was collected after 5 min. The resulting solid was then 
dispersed in 10 mL of acetone and precipitated by centrifugation at 9000 rpm for 2 min. This 
process was repeated three times. Finally, the resulting powder (imine-based polymeric beads 
containing encapsulated Zr-fumarate) was dried at 65 °C overnight. 

Step 2. Amorphous to crystalline transformation process 

50 mg of imine-based polymeric beads containing encapsulated Zr-fumarate was dispersed in 
6.6 mL of a mixture of 1,4-dioxane and mesitylene (9:1 v/v). Then, 1.1 mL of water and 1.6 mL 
of acetic acid were added to the dispersion at room temperature and stirring for 5 min. The 
resulting mixture was heated under reflux at 80 °C with stirring at 230 rpm for 18 h. The obtained 
solid was collected by centrifugation at 9000 rpm for 4 min, washed two times with 10 mL of 
toluene. This process was repeated twice with acetone instead of toluene. The final product was 
dried at 65 °C overnight. 
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3. UiO-66-NH2@COF-TAPB-BTCA 
 

 
 

 

Figure S1. (a) Representative FESEM and (b) HAADF-STEM images of UiO-66-NH2. Scale bars: (a) 
1 µm and (b) 500 nm. 

 

 

Figure S2. XRPD diffractogram of UiO-66-NH2 (blue), compared with the simulated powder 
pattern (purple). 
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Figure S3. N2 sorption isotherm at 77 K of UiO-66-NH2. 

 

 

Figure S4. BET linear fit for sorption isotherm at 77 K of UiO-66-NH2. 
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Figure S5. (a) Representative FESEM and (b) HAADF-STEM images of microspherical imine-based 
polymeric beads containing encapsulated UiO-66-NH2 crystals. Scale bars: (a) 5 µm and (b) 500 
nm. 

 

 

Figure S6. XRPD diffractogram of imine-based polymer beads containing encapsulated UiO-66-
NH2 crystals (green), compared with the simulated powder patterns of UiO-66-NH2 (blue) and 
COF-TAPB-BTCA (orange).  
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Figure S7. N2 sorption isotherm at 77 K of imine-based polymeric beads containing encapsulated 
UiO-66-NH2 crystals.  
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Figure S8. Time evolution of the amorphous to crystalline process (from imine-based polymeric 
beads containing encapsulated UiO-66-NH2 crystals to UiO-66-NH2@COF-TAPB-BTCA). Scale 
bars: 500 nm 

 

 

 

 

 

Figure S9. FIB-SEM image of COF-TAPB-BTCA beads. Scale bar: 1 µm. 

 

a) b)
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Figure S10. BET linear fit for sorption isotherm at 77 K of UiO-66-NH2@COF-TAPB-BTCA beads. 

 

Figure S11. BET linear fit for sorption isotherm at 77 K of the physical mixture. 
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Figure S12. BET linear fit for sorption isotherm at 77 K of COF-TAPB-BTCA beads. 
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Figure S13. Pore size distribution of COF-TAPB-BTCA beads (orange), UiO-66-NH2@COF-TAPB-
BTCA beads (green) and UiO-66-NH2 (blue) determined by DFT methods. Bottom image is a 
magnification of the top one. 
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4. Theoretical Analysis 
 

4.1. Density Functional Theory 

We have used the Landau-Ginzburg density functional (DF) [1] with the grand-potential free 
energy as the minimum with respect to the density distribution 𝜌(𝑟), in the presence of an 
external potential 𝑉(𝑟) that represents the pore structure, and with the chemical potential 𝜇 to 
control the vapor density outside the porous material,  
 

Ω[𝝆] = 	.𝒅𝒓	1𝒇3	𝝆(𝒓4⃗ )5 +
𝒃
𝟐
	[	𝛁𝝆(𝒓4⃗ )]𝟐 + [	𝑽(𝒓4⃗ ) − 	𝝁]		𝝆(𝒓4⃗ )= .																								𝒆𝒒. (𝑺𝟏) 

 
 
The Helmholtz free energy per unit volume	𝑓(	𝜌) = 𝐹/𝑉, in a phase with uniform density 𝜌 is 
represented by a generalized van der Waals approximation [2], with a hard spheres (HS) term 
treated through the Percus-Yevick compressibility approximation [1], to include all the entropic 
contributions, and a mean-field description of the attractions. 
 
The effective HS molecular diameter and the strength of the molecular attractions has been set 
to reproduce the coexisting densities of the vapor and liquid phases, for water at T=293 K.  The 
square gradient coefficient b has been fixed to reproduce the surface tension 𝛾 of water at the 
same temperature. Therefore, the bulk thermodynamics have been directly plugged into the 
theoretical representation for the inhomogeneous density distribution 𝜌(𝑟)  formed in the 
porous material. 
 
The external potential has two key elements: i) the geometrical shape, to represent the size and 
connectivity of the pore network; and ii) the relative hydrophilic/hydrophobic character of the 
walls, for each pore class.  We represented the first aspect as excluding the fluid (i.e. setting an 
infinite 𝑉(𝑟) out of the shape of a double brush, Fig. S14, with upper and lower slabs to 
represent COF and MOF as a regular series of (shown as vertical) pores. These pores are open 
towards the (horizontal) gap, of variable width, that represents the disordered distribution of 
interfacial spaces. The density 𝜌(𝑟) is null out of that double-brush region, and its square 
gradient in eq. (S1) does not include the sharp fall at the boundary, since that effect is 
accumulated into a contact potential 𝑉(𝑟) = −𝑈H		𝛿(𝑥 − 𝑥H), where x is the coordinate normal 
to the wall located at 𝑥 = 𝑥H and the parameter  𝑈H allows to set the effective attraction of the 
fluid toward the solid surface. In practice, we have first used eq. (S1) for a bulk fluid (either with 
liquid or vapor coexisting density) against a planar. We get the differential excess between the 
liquid and vapor bulk per unit area,   
 

																																								∆𝛾H ≡ 	𝛾MH − 𝛾NH = 	
ΩMH − ΩNH

𝐴 ,																																								𝑒𝑞. (𝑆2) 
     
for any value of 𝑈H , and we use Young's equation 	∆𝛾H = 	𝛾		𝑐𝑜𝑠(𝜃) to get the contact angle 
of the liquid on the wall 𝜃(𝑈H), as a function of the water attraction to the wall. 
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Thus, we may choose	𝑉(𝑟) to represent the pores in terms of their width and the contact angle 
of water on their wall.  
 

 
Figure S14. A unit (shown as horizontal cell) of the double-brush structure in our model (regular) 
interfacial pore, between the COF-like (top) and MOF-like (bottom) porous materials. The top 
panel shows (in yellow) the full porous structures filled by liquid, 𝝆(𝒓4⃗ ) ≈ 𝝆𝒗, as it corresponds 
in our model to the equilibrium state for a effective size of 0.96 nm, at w relative humidity 𝟎. 𝟒𝟓  
(or higher). The bottom panel corresponds to an slightly larger (1.2 nm) interfacial pore, in its 
empty equilibrium state at the same humidity, while the COF-like (upper) and MOF-like (lower) 
confining walls are already filled by liquid water. Notice the meniscus structures at the T-
junctions. The color log-scale represents	𝐥𝐧	(𝝆(𝒓4⃗ )/𝝆𝒗), from yellow for 𝝆(𝒓4⃗ ) = 𝟏	𝒈𝒓/𝒄𝒎𝟑 to 
black for 𝝆(𝒓4⃗ ) < 𝒆e𝟑.𝟓𝝆𝒍 	≅ 𝟎. 𝟎𝟑	𝒈𝒓/𝒄𝒎𝟑	. 

 
 
In the usual thermodynamic analysis, a single (indefinitely long) pore is described by its 
geometrical width (radius) r and the contact angle 𝜃 of the liquid on its surface capillary. The 
capillary condensation phase transition appears at the vapor pressure 𝑃M, which is higher than 
the pressure of a (metastable) liquid by 
 
																																						∆𝑷 ≡ 𝑷𝒗(𝝆, 𝑻)−𝑷𝒍(𝝆, 𝑻) = 	𝟐	𝜸	𝒄𝒐𝒔(𝜽)/𝒓,																		eq.	(S3)			

which reduces to the usual Kelvin’s equation [3]  
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                                      		𝒍𝒏 t𝑷𝒗
𝑷𝒐
u ≈ 𝑷𝒗e𝑷𝒐

𝑷𝒐
= 	−	𝟐	𝜸	𝒄𝒐𝒔(𝜽)/(𝑹	𝑻𝝆𝒍	𝒓)	               eq.	(S4) 

if the vapor is treated as an ideal gas. Although this macroscopic prediction should be strictly 
valid only for wide pores, it gives a fairly accurate description of the actual phase transition 
calculated within our DFT for pores on the nanometer range. To simplify the DF computations, 
we have used a planar slit geometry with the width of the slit playing the role of the radius r in 
a cylindrical pore. The capillary condensation is found as the phase transition at the crossing of 
the two separate local minima of Ω[𝜌], in eq. (S1), with a low (vapor) and high (liquid) density 
distributions.   
 
The contact angles for COF and MOF pores have been fixed to 𝜃xyz = 56}  and 𝜃~yz = 40} , to 
reproduce the experimental position for the absorption steps in the pure materials with the 
geometrical estimate of their porous size with a radius of 0.8 nm in COF and 0.55 nm (0.3 nm) 
for the large (small) pores in MOF.  These values have to be taken as effective, since the porous 
structure is obviously not a smooth perfect cylinder, and they correspond to thermodynamic 
conditions. We know less of the contact angle in the interfacial COF-MOF boundaries for the 
composite and, for the proof of concept calculations presented here, we have taken  𝜃�xyz =
53}  and 𝜃�~yz = 40} ,   for the upper and lower horizontal surfaces in Fig. S14. 
 
The minimization of eq.(S1) is done by a steepest descent algorithm, with the functional 
derivative 
 

𝜹Ω[𝝆]
𝜹𝝆(𝒓4⃗ )

= 𝒇�3𝝆(𝒓4⃗ )5 − 𝒃	𝛁𝟐𝝆(𝒓4⃗ ) + 𝑽(𝒓4⃗ ) − 𝝁	,																																															𝒆𝒒. (	𝑺𝟓) 

 
in terms of the derivative of the free energy per unit volume with respect to the density in a 
homogeneous phase, and with the Laplacian of the density distribution evaluated on a mesh 
∆𝑟 = 0.05 in HS diameter units. The thermodynamic of the bulk phases, through the function 
𝑓(𝜌), allows to translate numerically the chemical potential shift and the under saturated 
pressure of the vapor outside the pore, with respect to their bulk coexisting values 𝜇} and 𝑃}. 
The absorption in the double-brush pore structure is calculated through the comparison of 
broader set of local minima, to represent the possible combinations of filled (liquid-like 
densities) and empty (vapor like) portions of the pore network. The steepest descent algorithm 
was used to minimize eq.(S1) from different initial configurations, with full and empty states for 
the different pores, to obtain the more complex density distributions (see bottom panel in Fig. 
S14) with thin liquid layers adsorbed on the walls and meniscus formed on the $T-$junctions of 
the COF and MOF pores at the interfacial gaps.  The comparison of the local minima Ω[𝜌] of, as 
a function of the relative humidity 𝑃M/𝑃}, gives the sequence of capillary transitions within the 
pore network.  The two panels in Fig. S14 correspond to the equilibrium DF results for the same 
value ��

��
= 0.45, at which all the pores of COF and MOF are already filled by liquid water. The 

upper panel corresponds to an interfacial cavity of 0.96 nm, which at that vapor pressure is also 
filled, while the lower panel corresponds to a slightly larger (1.02 nm) interfacial cavity which is 
still empty under the same conditions. Therefore, the capillary condensation transitions occur 
(at that relative humidity) for interfacial cavities of (effective) size 𝑟 ≅ 1	𝑛𝑚.    
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Figure S15. Phase diagram for the capillary condensation in interfacial COF-MOF cavities, in 
terms of the vapor pressure at which the condensation occurs at each effective size of the 
interfacial pore.  The results in red correspond to model cavities bounded by COF/MOF-like 
materials, but which have no pores. The other curves include our model representation of the 
nanopores in COF and MOF, with several lengths, approaching for the longest pores the sharp 
step at the vertical dashed line, which marks the capillary condensation in a pure COF-like 
material. The inset gives a closer view of that region.    

 
A relevant variable in our DFT results is the actual length 𝐿�  of the vertical (COF/MOF) pores, 
which are only partially inside the region shown in Fig. S14. That length would be typically 
controlled by the grain size of the COF and, in Fig. S15, we show its relevance. 
 
The red line in that figure corresponds to the capillary condensation in an interfacial cavity 
described as a regular planar slit, with the contact angles  𝜃�xyz = 53}  and 𝜃�~yz = 40} , in the 
two confining walls, but without the porous structure of COF and MOF.  The relation between 
the cavity size and the vapor pressure at which it is filled is a smooth curve, very similar to the 
macroscopic prediction Eqs. (S3-S4).  If we include now those porous structures, but with short 
pores of just 5.7 nm long, the capillary condensation lines move to the black symbols/line; for 
low 𝑃M  the black line is below the red one, because the COF-like pores are still empty and their 
mouths (open towards the interfacial pore) reduce the hydrophilicity of the confining walls. In 
contrast, for large  𝑃M  we observe that the black line moves above the red one. Since at those 
vapor pressures the COF pores are already filled by liquid water, their mouths open to the 
interfacial cavities act as strongly hydrophilic patches on the boundaries, so that the capillary 
condensation is shifted towards larger cavity size. 
The smooth elbow in the black line, at relative humidity of about 0.48, where it crosses the red 
line, indicates the filling of those (short) COF pores, which is shifted upwards from the value 0.44 
at which a similar but very long pore would be filled.  This would be the typical behavior in a 
complex network of pores, with different sizes and contact angles, in which the capillary 
condensation may happen in a gradual way, through the coupling between the different 
portions of the network.   
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However, increasing the length of the COF/MOF pores to 𝐿� = 28.5	𝑛𝑚	 and 114	𝑛𝑚	 we get 
the green and blue lines in Fig. S15, with more pronounced bends, and lower vapor pressures 
approaching the 0.44 relative humidity of the condensation transition in pure COF. These longer 
regular pores in COF become less sensitive to the (empty of full) state of the interfacial space at 
their mouth, and liquid water condensates in them over a very narrow range in 𝑃M/𝑃}.  Since 
they change the effective hydrophilicity of the interfacial boundaries, they create a steep 
dependence in the filling of the interfacial spaces, which becomes essentially a sharp step when  
𝐿�  (i.e. the typical size of COF grains) is larger than 100 nm. 
 
In Fig. S16 we present a sequence of the condensation in a series of long (shown as horizontal) 
pores which mimics an irregular interfacial cavity, with effective size changing from 2.7 nm (left) 
to 3.4 nm (right), and with the regular (vertical) COF/MOF-like nanopores open to it.  At low RH, 
𝑃M/𝑃} = 0.15, only the smallest nanopores of MOF are filled by liquid (in yellow), increasing the 
humidity to  𝑃M/𝑃} = 0.40  fills also the largest MOF pores, while the COF ones are still empty 
and (within our choice of model parameters) all the interfacial spaces represented in the figure 
are also void of liquid water. The increase of the relative humidity to 0.45 goes over the 
threshold (0.44) for the capillary condensation in the COF pores, and that produces the 
condensation of liquid water in all the interfacial pores with effective size of 3.2 nm or lower. 
Further increase of the vapor pressure produces the condensation in wider interfacial pores, 
following now the smooth part of the blue line in Fig. S15. This is the precisely the 
phenomenology observed in the experimental absorption curves, in which the water uptake in 
the composite material has a sharp step at the relative humidity that fills the COF pores, but the 
height of that step is more than twice what could be accounted by the filling of those regular 
nanopores.   
 
Therefore, the Density Functional analysis provides a proof of concept to support the intuitive 
explanation for the experimental absorption curves in the composite COM-MOF materials.  The 
observed sharp step in the water uptake around RH 0.44 is much higher than what corresponds 
to the absorption in the regular COF pores, because it includes also the absorption in a wide set 
of irregular interfacial steps which are carried over their capillary condensation by the change in 
the boundary conditions, as their COF walls become filled by water. The theoretical analysis 
allows to identify and calibrate one crucial element to achieve these effects, the typical length 
of the regular pores 𝐿�   has to be large enough to give them the ‘master’ role, so that the ‘slaved’ 
interfacial spaces have their capillary condensation pinned at the relative humidity of the 
‘master’. Our results in Fig. S15 show that in a composite material with tiny COF crystal, with 
typical size 𝐿� ≈ 5.8	𝑛𝑚, the roles of ‘master’ and ‘slave’ are reversed, the capillary 
condensation in the regular COF pores would follow the filling of the irregular interfacial spaces 
at their mouths, so that the water uptake would be spread over a wide range or the relative 
humidity.  
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Figure S16. Model representation of an irregular interfacial pore, with size increasing from 2.7 
(left) to 3.4 nm (right), between the COF-like (top) and MOF-like (bottom) porous with regular 
structures.  These (shown as vertical) pores are much larger than what is shown in the figure. 
The sequence of capillary condensations from in the pore network is shown for 4 different values 
of the relative humidity. Black corresponds to low (vapor like) densities and yellow to the liquid 
density.  The sharp step in Fig. S15 produces the large advance of the condensation in the 
interfacial (horizontal) pore at the humidity that fills the COF-like pores. 
 
 
 
 
4.2. Macroscopic analysis and quantitative analysis of the experimental absorption curves. 

The macroscopic thermodynamic analysis leading to the usual Kelvin’s equation (Eq. S4) may be 
reformulated to include the effect of the sudden change in the boundary conditions for the 
irregular interfacial spaces when the regular nanopores in the walls are filled by liquid. 

From the point of view of the liquid filling the interfacial space, the porous wall could be viewed 
as a ‘rough substrate’, with the alternative Cassie-Baxter versus Wenzel states, in which the 
liquid outside leaves empty or fills the pores on the wall. However, when the pores are long 
enough they ‘slave’ that choice for the liquid outside, so that it is in the Cassie-Baxter state for 
RH below the capillary condensation at the wall, and jumps to a Wenzel state when the pores 
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are filled by liquid. That change may be described as a jump in the interfacial free energy excess 
in Eq. (S2), from ∆𝛾 = 31 − 𝜉�5		∆𝛾}		 − 𝜉�	𝛾, when the pores are empty to ∆𝛾 = 31 − 𝜉�5		∆𝛾}		, 
when they become full; in terms of the relative section 𝜉�  of the pore mouths on the interfacial 
area, the liquid-vapor surface tension 𝛾  and the surface excess ∆𝛾}	 between vapour and liquid 
on a wall of the same material but with no pores. The (macroscopic) contact angle on the 
substrate would change from 

𝑐𝑜𝑠3𝜃���5 = 	31 − 𝜉�5		𝑐𝑜𝑠(𝜃}		) − 𝜉�	                                                        eq. (S6) 

when the pores are empty, to 

𝑐𝑜𝑠3𝜃��N5 = 	 31 − 𝜉�5		𝑐𝑜𝑠(𝜃}		)													                                                     eq. (S7) 

when they are filled by the liquid.  The relative range of interfacial pore size that would be filled 
suddenly, at the capillary condensation in the regular nanopores of the wall would be  

∆�
�
≈ ��

	3�e��5		�}�(��		)e��
                                                    eq. (S8) 

Notice that, even if this relative change could be much larger than the relative ratio of the pore 
mouths sections ( 𝜉� 	≈ 0.07		, for COF) if the ‘bare’ contact angle (in a hypothetical pore less 
surface) is just above 90}  degrees.  

In order to use this concept in a quantitative way we have used the experimental data for water 
absorption in the pure COF and MOF systems to quantify the amount of water taken by the 
regular pores in these materials, as shown in Fig. S17 and S18.                                       

In Fig. S19, we have used the known amount of COF and MOF in the composite material to 
identify the water uptake in their pores and to quantify the amount of water that it taken up in 
any other capillary cavities or interfacial spaces. In contrast with the broad curves reflect the 
irregular cavities in Fig. S17 and S18, the synthesis of the composite material produces interfacial 
spaces with a large step precisely at the relative humidity of the COF pores.   
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Figure S17. Experimental water uptake in COF, as function of the relative humidity RH, 
decomposed in the step-like contribution from the regular pores (dashed purple line) and a 
smooth contribution from irregular interfacial spaces and defects (dotted line). 
 

 
Figure S18. Experimental water uptake in MOF, as function of the relative humidity RH, 
decomposed in the two step-like contributions from the two kinds of regular pores (dashed red 
and green lines) and a smooth contribution from irregular interfacial spaces and defects (dotted 
line). 
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Figure S19. Experimental water uptake in COF-MOF composite, as function of the relative 
humidity RH, decomposed in the step-like contribution from the regular pores (dashed green, 
grey and black lines). The contribution from irregular interfacial spaces created in the synthesis 
of the composite enters with a sharp rise located at the COF capillary condensation, to follow 
(for higher relative humidity) as a smooth function. The interpretation here is that the sharp 
step reflects the sudden filling of a range of interfacial spaces, driven by the filling of the pores 
in their COF walls. 
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5. Zr-fumarate @COF-TAPB-BTCA 

 

 

 

Figure S20. HAADF-STEM images of (a) Zr-fumarate and (b) Zr-fumarate@COF-TAPB-BTCA 
beads. Scale bar: 50 nm (a) and 500 nm (b). 

 

 

 

 

Figure S21. XRPD diffractogram of Zr-fumarate (pink), compared with the simulated powder 
pattern (blue). 
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Figure S22. BET linear fit for sorption isotherm at 77 K of Zr-fumarate. 

 

 

 

Figure S23. BET linear fit for sorption isotherm at 77 K of Zr-fumarate@COF-TAPB-BTCA. 
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Figure S24. BET linear fit for sorption isotherm at 77 K of COF-TAPB-BTCA (18 h). 
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