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-OP-synthesis for UiO-66-modified membranes

The One-Pot synthesis for UiO-66 in nanochannels employed the same physical setup as CD. The
specific process of filling the Teflon cells is illustrated in Figure 2(a). Two separate solutions were
initially prepared: 0.1540 g of ZrCl, in 8.7 mL of DMF and 1.3 mL of HCI, and 0.1560 g of BDC in 10.0 mL
of DMF. Post-sonication for two minutes each, these solutions were combined in equal volumes. This
unified mixture was then introduced into both Teflon cell reservoirs. The OP process also entailed an
overnight incubation at 80°C. Following this, the membrane cleaning protocol was identical to that of
the CD method, involving sequential washes with fresh DMF and EtOH, and a concluding two-hour
immersion in Milli-Q water.

-Top-Views SEM images
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Figure S1. Top-view SEM images of both sides of UiO-66@PET membranes for both CD synthesis and OP synthesis

-Preliminary Ptychographic X-ray computed tomograph

Preliminary ptychography experiments were performed at the Brazilian Synchrotron Light
Laboratory (LNLS-Sirius, Campinas-SP, Brazil. Proposal ID: 20222053).> The measurements
were conducted using a 6 keV X-ray beam. To obtain an isolated specimen for ptychography
measurements, the samples were cut using a laser microdissection microscope (Leica LMD7)
achieving specimens of approximately 30 um in height. The samples were transferred to
silicon nitride membranes with thickness of 100 nm. These membranes were placed in the
experimental hutch of the Catereté beamline and aligned with the help of an optical
microscope. Diffraction patterns were collected using a PiMega540D detector at a sample-
detector distance of 15 m. The illumination on the sample was defined by a 10 um diameter
pinhole. The position trajectories for each 2D scan were defined using a grid with an average
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step size of 2 um, covering a field of view of 44x 44 um?2. For tomography, the field of view
covered for each projection was 44 x 30 um?, 920 projections were collected with a total
angular of 154°. 2D and 3D ptychographic reconstructions were performed with the code
developed by the Scientific Computing Group (GCC) of Sirius. Segmentation to separate the
polymeric matrix from the porous structure was performed using Avizo software (Thermo
Scientific™). The images were segmented using a threshold based on gray level values.

Figure S2 presents 2D/3D X-Ray ptychography results from the bare PET membrane (10°
pores/cm?) under study. Figure S2(a) shows the 2D electron density projections reconstructed
with 19.4 nm pixel size. The ptychographic X-ray computed tomography was performed to
qguantify the pore structure in a selected region of interest. The 3D volume rendering from the
front view and the bottom view are presented in the Figure S2(b) and (c), respectively. The
irregular shape of pores in the membrane surface may be related to the damage caused by
the laser microdissection used in the sample preparation. This effect is more pronounced near
the edges of the membrane. Figure S2(d) shows the selected slice of the 3D volume, the
segmented pore diameter was ca. 370 nm in the inner part of the pore. The total thickness
was ca. 12 um. Quantitative label analysis also allowed to determine the pore volume of 6.08
um3. As observed, the overall shape of the pore deviates from the bullet shape observed by
SEM. Again, we speculate that this may be a consequence of the damage caused by the
microdissection.

a) I b) I c) I d)

Figure S2. Ptychographic X-ray computed tomography results: a) 2D electron density of a single projection. b) 3D volume
rendering showing the slightly tilted front view (base side) and c) the bottom view (tip side). d) selected slices of the 3D
volume rendering showing a pore across the membrane. Scale bars refers to 5000 nm.
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-Electrochemical setup
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Figure S3. Scheme of the experimental setup for performing electrochemical measurements with the membranes. Inset:
Membrane position in all measurements.

S-4



lontronic Response of bare bullet-shaped nanochannels
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Figure S4. a) Bare bullet-shaped nanochannel after the etching process. Inset: Carboxylic groups responsible for the negative

charge within the nanochannel. b) KCI response at various concentrations and pH levels. c) CaCl, response at different
concentrations and pH values.

lontronic Response of OP-Synthesized Membranes

As previously discussed, the membranes modified by OP synthesis exhibit typical pH-dependent
rectification behavior, as shown in Figure S5. These membranes show a charge inversion when KCl is

used, but do not exhibit charge inversion with CaCl,, indicating a positive surface charge of the
channel even at basic pH levels.
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Figure S5. I-V curves for OP-synthesized UiO-66-modified membrane in a) 100 mM KCl solution and b) 100 mM CaCl, solution
at different pH values.

The lack of current saturation in the presence of CaCl, for OP synthesis can be rationalized by taking
into account the presence of large lumens in the nanochannels, different from the CD close packing
featuring constructional porosity. Summarizing, loosely packed OP-synthesized membranes exhibit,
upon functionalization with Ca?*, a surface charge increases which is not enough to provoke diffusion-
limited ionic transport needed for the ICS regime stablished in CD-synthesized membranes.

Magnesium effect on the ionic transport

Having demonstrated the influence of calcium ions on the ionic transport in MOF-decorated SSNs, and
the affinity of calcium ions (ex-situ) for the MOF material, we studied the effect of another divalent
cation: Magnesium (Mg?*). The study of the effect of CaCl, electrolyte on the iontronic response of
UiO-66- filled SSNs revealed that the ionic current for Ca?* significantly surpassed that of K*, a rarity in
such contexts.34

Further experiments using MgCl, as an electrolyte (Figure S6) showed an iontronic behavior similar to
that observed with CaCl,. The consistent ionic currents generated by both MgCl, and CacCl,, exceeding
those of KCl at the same concentration, align with their bulk mobility values (5.97 and 6.17 x 108 m?
V-1s1for Mg? and Ca?*, respectively). Despite the highly negative hydration energies of Mg?* and Ca%(-
1929 and -1579 kl/mol, respectively)®> and their large hydration diameters (0.824 nm and 0.856 nm,
respectively)® compared to the window size connecting the pores of UiO-66 (0.6 nm), the lack of
significant difference in their behavior within the nanochannels, added to the previously exposed
results in Figures 4-6, confirms that the primary transport mechanism involves the constructional
porosity and not the microporosity of the MOF. Instead, the comparable behavior indicates that both
ions traverse the constructional porosity within the channels, where they interact with the positively
charged environment created by their own binding to the free-carboxylate groups in the MOF
structure without losing their hydration sphere and compromising the microporosity of the MOF

S-6



Current / nA

—KCI 50mM

CaCl, 50mM
-1.01 —— MgCl, 50mM
1.0 0.5 0.0 05 1.0

Transmembrane voltage / V

Figure S6. |-V curves CD-synthesized UiO-66-modified membrane in the presence of different
electrolytes at pH=3

-XRD measures

The obtained diffraction patterns (Figure S7) showcase the expected peaks for UiO-66 MOF with a fcu
topology (26 = 7.5°, 8.5°, and 25.8°), with no changes upon exposure to the different media.” This
correspondence indicates that the crystalline structure of the UiO-66 MOF is adequately preserved
after the treatments with different salts, with no evidence of alteration in the material's structural
integrity.
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Figure S7. XRD spectra of the UiO-66 samples and the calculated diffraction pattern for a fcu UiO-66 phase.

Nitrogen adsorption isotherms

N, adsorption-desorption isotherms at 77 K were conducted to explore the porosity of the UiO-66
sample and its variants exposed to KCl and CaCl, (Figure S8(a)). The Rouquerol analysis (Figure S8(b))
was employed to select the optimal range of relative pressure, as indicated in the green-shaded region.
The linearized BET technique (Figure S8(c)) revealed that the specific surface areas of the modified
materials remain constant within the error margin of the method, suggesting that the modification
does not alter the essential microporosity of UiO-66. The BET constant (C), obtained from the slope of
the linearized graph, along with the BET equation and N, molecular parameters, allowed for the
calculation of specific surface area, confirming the post-modification structural consistency.
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b) Ruquerol's Plot C) Linearized BET representation

0.4
Y] Ai‘
™ - | Ui0-66 0.25 4
“ & Ui0-66/KCI
. A Ui0O-66/CaCl,
034 = b
s 020
—_— - ~ pd
=) = B 1
% “ g:o 0.15 /“ m Uio-66 P
r 02 ® = o e S.=1338m‘/g
= u = R’=0.9992
= * "a =010+ UiO-66/KCl
| » S,e=1342milg
01 = & e R’=0.9984
N i ;
. u 0.05 A UiO-66/CaCl,
] a {1 = S,=1348m%g
5 e R’=0.9990
00 T T T T T Doo T T T T - T
0.0 0.2 04 0.6 0.8 1.0 Q.00 0.02 0.04 0.06 0.08 0.10
Relative Pressure (P/P,) Relative Pressure (P/P,)

Figure S8. a) N, adsorption isotherms at 77K. b) Rouquerol's plot employed for BET analysis pressure range determination.
c) Linearized BET representation and surface areas obtained.

-Thermogravimetric analysis

Subsequent analysis uncovered disparities among the samples, indicating selective ionic
adsorption within the UiO-66 framework after exposure to saline solutions, as illustrated in
Figure S9. Notably, the final residue differences showed deviations of up to 5% compared to
the untreated MOF, suggesting the incorporation of K* or Ca?* ions, as described in MOFs
under analogous conditions.® However, the technique's error margin does not allow
differentiation between both modified samples.
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Figure S9. TGA curves for UiO-66 powder samples.

-FTIR

Spectral bands that remained unchanged across all samples were identified, attributed to the carbon
skeleton vibrations of the ligand, exemplified by the band at 1507 cm™ associated with aromatic C-C
stretching.>10
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As discussed in the main manuscript, and illustrated in Figure S$10, there are not changes in the bands
associated with the ZrO cluster, such as the one appearing at 554 cm™ for the samples containing the
MOF. This band is associated with Zr-(OC) asymmetric stretching.! These findings collectively suggest
that the modification with CaCl, primarily involves the incorporation of Ca%* ions into the MOF through
complexation with the MOF free carboxylic groups, identified as the most probable site due to the
detected spectral differences. Additionally, it is concluded that the interaction of Ca?* ions with the
ZrO cluster does not occur.

=
O
O
c
©
=
=
(9]
c
©
| -
l_
—Ui0-66
Ui0-66/KCl
—Ui0-66/CaCl,
5I80 5I60 5-’110 5I20

Wavenumber (cm™)

Figure S10. FTIR Spectra Focused on the Asymmetric Stretching Zone of Zr-(OC)
asymmetric stretching.
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