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Supplementary Figure 1. Ionic transport properties of the PET Lumirror®

membranes.

a. Scheme of the permeation measurement apparatus. For conductivity
measurements, both the feed and permeate chambers are filled with electrolyte

(left);

for ionic transport measurements (ICP measurements), the permeate



chamber is filled with deionized (DI) water (right).

. I-V curve of ionic conductance across the PET Lumirror® films (irradiated
with 5X 10'°Bi ions cm? and 4-hour UV radiation) measured with 0.1 M KCl
solution in both chambers. No notable rectification effect was observed as the
curve is nearly symmetric. It shows a typical activated shape, i.e., the slope
increases as V increases, suggesting the transport is related to barriers such as
the interaction between the ions and the pore wall or dehydration.

Ion conductance (circles) across the PET Lumirror® film (0.1 M KCI solution
and applied voltage 1 V) as a function of UV exposure time. The dashed line is
a guide for the eye.

. lonic transport rates (red squares) across the PET Lumirror® film (0.1 M KCl
solution, 10 V applied voltage) as a function of irradiation fluence. For
UV-treated samples, the conductance increases linearly over the entire range
from 5x10° to 5x10'° ions cm™.

Ionic transport rates versus the KCl electrolyte concentration (applied voltage
10 V) following a power law relationship (exponent factor=1.07, R*=0.986).
Selectivity of K*/Mg?" as a function of pH value. The transport rates of Mg?*
ions and K" ions through the PET Lumirror® films were measured with feed
solutions of MgCl> (1 M) and KCI (1 M) at an applied voltage of 5 V. The
films used in the measurements were irradiated with 1.4 GeV Bi ions at a
fluence of 5x10'° ions cm™ and subsequently exposed to UV radiation for 4
hours.

. Evaporation rates of water during the transport measurements. The dashed line
is a linear fit of the water height reduction (R?=0.997) measured by means of a
capillary inserted into the conductivity cell. The water evaporation rate,
determined from the slope, is about 0.456 mm h™!, which is corresponding to
25.33 mol h'' m?.
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Supplementary Figure 2. Polymeric nanopore model and MD simulations.

a. Model of the polymeric nanopore. Carbon atoms, oxygen atoms and hydrogen
atoms are represented as cyan, red and white. The insert shows the molecular
structure of a protonated terminal of a PET chain. Carbon, oxygen and
hydrogen atoms are colored as grey, red and white, respectively.

b. Distribution of the nanopore radius along the polymeric model nanopore. The
radii were computed using the program HOLE'. The entrance and exit of the
pore are at z=3.7 nm and 7.7 nm (arrows), respectively.

c. Transport fluxes of different simulated ions increase linearly with the
simulation time.

d. Number of water molecules and K* ions is about 194 and 6, respectively,
inside the nanopore.

e-f. Radial distribution function of water molecules surounding K* (e) and Mg?* (f)
ions in the bulk solution (dash line), charged nanopore region (solid line) and
uncharged nanopore region (scatter). The inset shows the zoom in view of the
first peak.
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Supplementary Figure 4. MD simulations of cations transporting through the
polymeric nanopore.
a. Comparison of the typical trajectories of the transported K* (upper) and Mg?*
(lower) ions inside the nanopore.
b. Histogram of the passing time of the K* (blue) and Mg?* (red) ions transported
through a nanopore.
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Supplementary Figure 5. Reproducibility of the transport measurements.

a. The relative standard deviation of the transport rates (standard deviation/mean)
of alkali metal ions (blue), alkaline earth metal ions (green), and transition
metal and heavy metal ions (red) measured with ICP as a function of the mean
transport rates. The transport rates are normalized per 1 M feed solution and
measured under 10 V bias. The PET Lumirror® films used in the
measurements were irradiated with 1.4 GeV Bi ions at a fluence of 5x10'° ions
cm? and subsequently exposed to 4-hour UV radiation.

b. Energy loss distribution in the 2-um-thick PET Lumirror® films irradiated by
1.4 GeV Bi ions.
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Supplementary Figure 6. UV-Visible absorption spectra of PET Lumirror® films

(a) and PET Hostaphan® films (b) irradiated with different fluences.
Inserts are the zoom view of the wavelength rage of 320-400 nm.



Supplementary Table 1. List of analyzed ions and their experimental transport
rates, naked radii, hydrated radii, and hydration energies.

Transport  [Standard [Naked |Hydrated [Hydration
Electrolyte . .5 .5 3
species rate deviation  [radius” [radius energy
P (mol h'm?) |(mol h' m?) |(A) (A) (-kJ mol )
Li* 10.8 1.80 0.6 3.82 475
[Na* 13.2 2.01 095 ]3.58 365
K* 13.9 0.349 1.33 3.31 295
Rb* 15.9 0.620 148  13.29 275
Cs" 16.6 1.70 1.625 [3.285 250
Mg? 0.121 0.0526 0.65 |4.28 1830
Ca?* 0.314 0.171 099 |4.12 1505
Ba’* 0.450 0.330 1.423  [4.04 1250
Mn?* 0.0219 0.0167 0.8 4.38 1760
Cd** 0.0278 0.0219 097 |4.26 1755
Fe2* 0.0209 0.0150 0.75 |4.28 1840
Cu?* 0.00819 0.00520 0.72 |A.19 2010
EtsN* 1.403 0.512 3.48  |4.00 /
Bu‘N* 0.268 0.108 4.37  |4.94 /
Methylene
blue ion  |3.812E-4 1.84E-4 / 7% 3 /
(MB")
SO4* 0.152 0.0597 2.3 3.79 1080
CI 1.78 0.838 2.21 3.32 340
INOs" 1.59 0.472 1.29  ]3.35 300




Supplementary Table 2. Comparison of the maximum transport rates and ionic
selectivities of different ionic transport membranes reported in literature.

Membrane Max Ionic Thickn Driving force Solution
transport rate | selectivity ess Concentra
(K*, Na*, Li") | (K*/Mg?", | (um) tion (M)
(mol h"'m?) | Na*/Mg?",
Li*/Mg>")
PET 13.9 134.58 2 Electric potential 1.00
Lumirror® 13.2 113.17 10V
film in this 10.8 90.00
study
“PET 0.00226 39.58 12 Electric potential 1.00
Hostaphan® 0.00346 60.60 10V
film 0.0362 633.97
SNF-270 2.50 1.35 0.1 Pressure 0.0268
3.56 1.92 2.758 MPa 0.0342
/ /
SLLC 1.26E-4 32.78 40 Pressure 0.0268
(lyotropic 8.72E-5 22.75 2.758 MPa 0.0342
liquid / /
crystal)
SSW30HR 0.00215 1.11 0.1 Pressure 0.0268
0.0108 5.55 2.758 MPa 0.0342
/ /
6Zwitterion 11.9 ~10.15 ~0.2 Pressure 0.0170
Carbon 12.2 ~10.41 0.100 MPa
Nanotube / /
membrane
(ZCNT)
"Mxene 0.94 5.88 1.5 Pressure 0.2
1.53 9.56 0.495 MPa
1.4 8.75
8GO ~2.00 1.00 5 Osmotic 1
~2.00 1.00 Pressure
/ / 2.476 MPa
PSS 0.100 26.88 8 Electric potential 0.5
threaded 0.190 51.08 04V
HKU 6.75 1815.00
ST-1-6.7
(PSS@HKU
ST-1-6.7)
19Graphene / / 0.0035 | Osmotic pressure | 0.0166




1.14 7.70 0.079 MPa-Na*,
/ / 0.059 MPa-Mg?*
Physically 0.00650 650.00 1000 | Osmotic pressure 1
confined GO 0.00420 420.00 2.476 MPa
(PCGO) 0.00500 500.00
2NF90 / / ~100 | Osmotic pressure 1.15
1.59E-3 300.00 2.800 MPa
/ /
2XLE / / ~100 | Osmotic pressure 1.15
3.17E-4 2.800 MPa
/
BPET/P(AA- 6.78 / / Osmotic pressure 0.1
co-DEGME 6.53 0.248 MPa
M) /
4Sinergetic 0.0600 / / Osmotic pressure 0.25
membrane 0.0800 0.619 MPa
/
SSLM / / 200 Pressure 0.13
/ ~5.000 MPa
0.600
1%Ton / / ~100 | Osmotic pressure 0.5
exchange 0.0375 1.238 MPa
membrane /
disulfonated
poly(arylene
ether

sulfone)




Supplementary Table 3. Binary ion selectivity of PET Lumirror® films* in 0.5 M
XCl (X=K, Na, Li) and 0.5 M MgCl; solutions under the external bias voltage of

10V.
Binary Ion Ionic Ion Ionic Binary ion
solution transport rate transport rate | selectivity
(mol h' m?) (mol h''m?) | (X*/Mg>")
KCl/MgCl, K* 0.0342 Mg? 0.002050 16.70
solution
NaCl/MgCl, Na* 0.0151 Mg?* 0.000723 20.86
solution
LiCl/MgCl Li* 0.0143 Mg?* 0.000673 21.21
solution

& The films used in the measurements were irradiated with 1.4 GeV Bi ions at a
fluence of 1x10'° ions cm™ and subsequently exposed to 4-hour UV radiation.




Supplementary Table 4. Comparison of UV absorbance and absorption

coefficients of PET Lumirror® films and PET Hostaphan® films irradiated with

different ion fluences at the UV wavelength of 365 nm.

PET Lumirror® films PET Hostaphan® films
Ion Absorption Absorption
influence Absorbance coefficient Absorbance | coefficient
(cm™) (pm™) (pm™)
0 0.085 0.03738 0.086 0.00738
5X10° 0.090 0.04659 0.095 0.00911
1 X100 0.096 0.05580 0.106 0.01122
5X1010 0.163 0.13294 0.223 0.03370




Supplementary Table 5. Non-bonded interaction parameters used in the MD
simulation.

Ion % (nm) % (kJ mol ) g (e)
Cs!7 0.3741 0.79496 +1
K7 0.3142 0.36401 +1
Na'!” 0.2513 0.19623 +1
Li'8 0.1800 0.07647 +0.75
Mg!7 0.2111 0.06276 +2
C17 0.4044 0.62760 -1
CI (Li)'8 0.4417 0.49280 20.75

& o and ¢ are two key parameters to calculate the Lennard-Jones interaction, ¢ is the
charge of an ion.




Supplementary Note 1

Water transport and evaporation measurements through the nanoporous PET
Lumirror® membranes.

The water transport experiments were performed using a sealed permeation
measurement apparatus (Supplementary Fig. 1a). The 0.01 M KCI solution and
deionized water were injected into the feed and permeate chamber, respectively. Then
two capillaries (length=100 mm, inner radius =0.5 mm, Huaxi Medical University
Instrument Factory) were sealed in the two chambers separately. An external bias
voltage of 10 V was applied between the two chambers, and the change of the liquid
surface in the capillary was recorded as a function of time. As a control, the water
evaporation rate was measured in the same way with no applied voltage. The

measurements were conducted at room temperature.

For the water evaporation measurements, the height reduction of the water surface in
the capillary evolved linearly over time. A linear fit yields £ = 0.456¢ (Supplementary
Fig. 1g). The slope of this fit is the average evaporation rate of water, R. = 0.456 mm
h! =25.33 mol h"! m. The amount of water evaporated (in mole) n(E) is calculated
with the following formula: p(H,0) xE xnt xr?=M(H,0) xn(E), where p(H,0) and

M(H:0) is the density and molar mass of water, respectively.

For the water transport measurements, the amount of the water transported under an
applied external voltage of 10 V was recorded in the same way. By subtracting the
evaporation amount £ from the total height reduction H, we obtained n(7), the
transport amount of water through the films, with the following equation: p(H,0) x
(H-E) xnxr*=M(H>0) xn(T). The amounts of transported ions were measured using
ICP-atomic emission spectroscopy. Water as well as ions, both exhibit approximate
linear relationships over time and the corresponding fits are: n(H2O) = 0.50¢, and
n(ion) = 0.08¢ (Fig. 2d). The slopes of the lines represent respective transport rates,

i.e., the average amount of water and ions transported per square meter per hour



separately, or the water and ion transport rates. Thus, the average ratio of the

transported water molecules over ions is n(H>O) /n(ion) =6.3.

Supplementary Note 2

UV absorption coefficient calculation

The absorbance was recorded in the UV-visible spectrum measurements. The
absorption coefficient a is calculated with the formula'®: I/l = (1-R)? e*:, where Iy
and / are the intensity of the incident and transmitted UV, respectively. R is the
reflectivity of the incident light and L is the thickness of the film. R was calculated
with the ‘Fresnel formula’ in the case of vertical light incidence: R = (n1-n2)%/
(n1+n2)?, where mi=1 is the refractive index of air and n>=1.6 is the refractive index of
PET Lumirror® film or PET Hostaphan® film according to their product characteristic
parameters in their product manuals (Hoechst Hostaphan and Toray Industries
Lumirror). This value is consistent with the measured value in the range of 1.54 and
1.65 based on the interference pattern observed in the UV-visible absorption spectrum.
We confirmed that the calculated refractive indexes do not change as the film is
irradiated with different ion fluence. This result indicates that the increase of the
absorbance as the function of the irradiation fluence does not result from the change

of reflection but the absorption.
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