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Section S1 Experimental Detail

Materials and physical measurements. KgNay[A-a-GeWoO34]-:25H,0  was
synthesized according to the reported procedure. Other chemicals are purchased
commercially and used without purification. The infrared spectra in the range of 400-
4000 cm ™! were measured on the Thermo Scientific Nicolet iS50 FT-IR spectrometer
by KBr pellets at room temperature. 2D COS-IR was measured on the same instrument
equipped with a portable programmable temperature controller (Love Control
Corporation) with an operating temperature range of 20 °C to 120 °C, and the
magnetic controller with a varying magnetic intensity of 5-50 mT was designed by our
group. The X-ray powder diffraction data were measured on a Rigaku Ultima IV X-
Ray Diffractometer powder diffractometer, with the Cu-Ka radiation angular range of
5-55° and the radiation wavelength of 1.54056 A. Solid-state UV-vis spectra were
measured on a Perkin-Elmer Lambda 800 instrument with a scanning range of 200-800
nm. Thermogravimetric analysis (TGA) was performed using a Mettler Toledo Star
TGA /DSCI analyzer under a nitrogen atmosphere at the heating rate of 10 K min .
The instrument used for the determination of XPS (X-ray photoelectron spectroscopy)
was an ESCALAB 250 photoelectron spectrometer from VG Corporation USA, with
Al-Ka as the target ray source. Luminescent spectra were collected with an Edinburgh
Instruments FS980 TCSPC luminescence spectrometer on the powdered crystal
material of the compounds. The measurement of proton conductivity is carried out
using alternating current impedance spectroscopy with a dual electrode configuration
between 107 and 0.1Hz. The temperature range is 25 ~ 85 °C, and the relative humidity
(RH) range is 55 ~ 98% RH. Use the formula ¢ = L /(RS) to calculate the conductivity
(L, R, S represent thickness (cm), fitting resistance (Q), and cross-sectional area (cm?),
respectively. Ac impedance measurements were carried out with a SI1260
IMPEDANCE/GAINPHASE analyzer over the frequency range from 1 Hz to 10 MHz
with an applied voltage of 10 mV. The relative humidity was controlled by a STIKCorp
CIHI-150BS3 incubator. The samples were pressed to form a cylindrical pellet of the
crystalline powder sample (~1.0 mm thickness x 5/4.5 mm ¢) coated with C-pressed
electrodes. Two silver electrodes were attached to both sides of the pellet to form four
end terminals (quasi-four-probe method). The bulk conductivity was estimated by
semicircle fittings of Nyquist plots. The resistive switching performances were
measured by recording the current-voltage (/-V) curves on a Keysight B2911A single

channel digital source meter.
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Synthesis of 1-Eu: KsNax[A-a-GeWoO34]-25H,0 (0.50g, 0.20mmol), Eu(NO3)3-6H2O
(0.120g, 0.355mmol) and KC1 (0.050 g, 0.670 mmol) were dissolved in 3.0 mL distilled
water under stirring, then 50uL of ethylenediamine and 50 pL 1M dimethylamine
hydrochloride were added. The pH value of the solution was then adjusted to 8.50 by
using 6M hydrochloric acid. The obtained solution was stirred for 1 hour and then
heated at 140°C for 3 days. After cooling to room temperature and washing with mother
solution, colorless bulk crystals were obtained. Yield:26.8% (based on Na;WO4-2H>0).
IR for 1-Eu (KBr, cm™): ¥ = 3386s, 3129m, 1616s, 1509s, 1321m, 1048m, 928s, 870w,
744m, 651m, 510w.

Synthesis of 2-Eu: KgNax[A-a-GeWoO34]-25H,0 (0.60g, 0.24mmol), Eu(NO3)3-6H2O
(0.170g, 0.503mmol), SeO> (0.10g, 0.901 mmol), K>COs3 (0.05g, 0.362mmol),
K2B4O7-5H20 (0.05g, 0.124mmol) and NH4Bs505-4H,O (0.05g, 0.249mmol) were
dissolved in 3.0 mL distilled water under stirring. Then, 50 pL of ethylenediamine was
added. The pH value of the solution was then adjusted to 8.50 by using 6M hydrochloric
acid, and 50 pL IM dimethylamine hydrochloride was added. The obtained solution
was stirred for 1 hour and then heated at 100°C for 1 day. After cooling to room
temperature and washing with mother solution, colorless bulk crystals were obtained.
Yield:31.2% (based on Na;WO4-2H>0). IR for 2-Eu (KBr, cm™): ¥ = 3437s, 3147m,
1624s, 1493s, 1321m, 1089s, 940s, 867s, 794s, 747w, 695w, 453m.

Preparation of FTO/Eu-POTs/Ag Devices: The two compounds were thoroughly
ground and separately ultrasonicated in deionized water for 2 hours to form
homogeneous suspensions with a concentration of 2 mg/mL. Subsequently, 0.2 mL of
each suspension was uniformly deposited onto FTO substrates (20 mm x 20 mm) via
spin-coating at 1000 rpm, followed by annealing at 60°C for 3 hours to remove residual
moisture. Finally, the top silver electrodes for all devices were fabricated by applying a
0.5 mg-mL"! silver nanowire suspension through a shadow mask with circular apertures
of approximately 0.1 cm in diameter for 1 minute. The fabricated devices were then
dried in an oven at 60°C for 30 minutes to enhance adhesion. Devices denoted as
FTO/1-Eu/Ag and FTO/2-Eu/Ag were prepared accordingly. Scanning electron
microscopy (SEM) images revealed smooth film surfaces (Figure S12), respectively.
X-ray diffraction (XRD) analysis of the devices (Figure Slc, 1f) confirmed the
successful formation of the POTs active layer while indicating that the structural
integrity of the POTs nano-active materials remained unaltered.
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Section S2 X-Ray Crystallography

X-ray crystallography: Single-crystal X-ray diffraction. Crystals were collected on a
Bruker APEX III CCD area diffractometer equipped with a fine focus, 2.0 kW sealed
tube X-ray source (MoKa radiation, A = 0.71073 A) operating at 296.15K. The
empirical absorption correction was based on equivalent reflections. The single crystal
data were calculated and solved by SHELXS-97 and Olex2-1.5 programs. For 1-Eu and
2-Eu, all atoms are corrected for anisotropy using the least square method, and only the
hydrogen atoms participate in the calculation of the structure factors. Detailed
crystallographic data tables for 1-Eu and 2-Eu are shown in Table S1. CCDC 2512610
and 2512611 contain the crystallographic data for 1-Eu and 2-Eu.

Table S1. Crystallographic data and structure refinements of 1-Eu and 2-Eu.

1-Eu 2-Eu
Empirical formula CsHsgoEusGesK3NoNazO 135 Wasz CoHsrEunGegK7NNayO404Se24 Wi
Formula weight 12666.52 27423.7
Crystal system monoclinic orthorhombic
Space group C2/c Pna2;
a, A 83.660(8) 26.845(2)
b, A 22.102(2) 40.935(4)
¢ A 24.206(2) 46.807(4)
a0, deg 90 90
p, deg 98.037(2) 90
y, deg 90 90
VA3 44320(7) 51437(8)
z 8 4
u, mm! 25.142 22.740
F(000) 43391 47125
D., g cm™ 3.788 3.531
T, K 297K 297K
—99<h<99 —32<h=<23
Limiting indices —26<k<26 —48<k<48
—28<1<27 —55<1<55
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Reflections 337041/39136 426244/89809

collected/unique
Rint 0.1117 0.0987
Data/restrains/parame 39136/226/2223 89809 / 7165 / 4859
ters
GOF on F? 1.083 1.047
Ri, wRy (I>20(1))* 0.0989/0.2316 0.0673/0.1631
Ri, wR; (all data) 0.1339/0.2552 0.1123/0.1957

“Ri = YNF-FIVEIF], "WRy = {X[W(FF2YVEIw(ES) 1}
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Section S3 Additional Table

Table S2. CShM values of Eu(III) ions in 1-Eu.

Central atom Coordination polyhedron CShM
Enneagon (Do) 30.701
Octagonal pyramid (Csy) 21.821
Hexagonal bipyramid (D7) 19.903
Johnson triangular cupola (Csv) 12.206
Eul Capped cube (Csv) 9.267
Spherical-relaxed capped cube (Cy) 9.467
Capped square antiprism J10 (Ca) 2.137
Spherical capped square antiprism (Ca) 2.293
Tricapped trigonal prism J51 (Dsn) 1.485
Octagon (Dsn) 23.489
Heptagonal pyramid (C7) 19.726
Hexagonal bipyramid (Dex) 16.892
Cube (On) 15311
Eu2
Square antiprism (Dua) 5.286
Triangular dodecahedron (D:zq) 3.945
Johnson gyrobifastigium J26 (D24) 13.012
Johnson elongated triangular bipyramid J14 (D3x) 22.602
Enneagon (Do) 31.086
Octagonal pyramid (Csy) 22.225
Hexagonal bipyramid (D7) 20.107
Johnson triangular cupola (Csv) 12.121
Eu3 Capped cube (Csv) 8.767
Spherical-relaxed capped cube (Cy) 9.195
Capped square antiprism J10 (Ca) 1.901
Spherical capped square antiprism (Cas) 2.275
Tricapped trigonal prism J51 (Dsn) 1.590
Octagon (Dsn) 30.550
Heptagonal pyramid (C7) 21.297
Hexagonal bipyramid (Den) 13.636
Cube (Or) 10.198
Eu4
Square antiprism (D4a) 4.175
Triangular dodecahedron (D:zq) 2.993
Johnson gyrobifastigium J26 (D24) 12.547
Johnson elongated triangular bipyramid J14 (D3x) 22.698
Octagon (Dsn) 29.774
Eu5 Heptagonal pyramid (C7) 23.646
Hexagonal bipyramid (Den) 15.565

6 / 45



Cube (On) 14.104
Square antiprism (Dua) 4.375
Triangular dodecahedron (D2.) 2.341
Johnson gyrobifastigium J26 (D24) 10.114
Johnson elongated triangular bipyramid J14 (Dsx) 24.442
Octagon (Dsn) 23.041
Heptagonal pyramid (C7) 19.327
Hexagonal bipyramid (Dex) 16.392
Cube (Or) 16.853
Eu6
Square antiprism (Dua) 6.199
Triangular dodecahedron (D2.) 5.097
Johnson gyrobifastigium J26 (D24) 12.285
Johnson elongated triangular bipyramid J14 (Dsx) 21.820
Octagon (Dsn) 31.318
Heptagonal pyramid (C7) 21.970
Hexagonal bipyramid (Dex) 14.140
Cube (Or) 10.237
Eu7
Square antiprism (Dua) 3.330
Triangular dodecahedron (D2.) 2.426
Johnson gyrobifastigium J26 (D24) 12.980
Johnson elongated triangular bipyramid J14 (Dsx) 24.690
Octagon (Dsn) 31.122
Heptagonal pyramid (C7) 23.143
Hexagonal bipyramid (Dex) 16.516
Cube (Or) 13.868
Eu8
Square antiprism (Dua) 4.903
Triangular dodecahedron (D2.) 2.482
Johnson gyrobifastigium J26 (D24) 10.898
Johnson elongated triangular bipyramid J14 (Dsx) 24.129

Table S3. CShM values of Eu(III) ions in 2-Eu.

Central atom Coordination polyhedron CShM
Octagon (Dsn) 31.001
Heptagonal pyramid (C7) 23.736
Hexagonal bipyramid (De) 14.608
Cube (On) 10.289

Eul

Square antiprism (D4a) 3.099
Triangular dodecahedron (D:z4) 2.214
Johnson gyrobifastigium J26 (D2a) 10.722
Johnson elongated triangular bipyramid J14 (Ds:) 24.493
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Enneagon (Do) 30.878
Octagonal pyramid (Csy) 22.158
Hexagonal bipyramid (D7) 17.412
Johnson triangular cupola (Csv) 10.363
Eu2 Capped cube (Ca) 8.125
Spherical-relaxed capped cube (Csv) 7.384
Capped square antiprism J10 (Ca) 2.650
Spherical capped square antiprism (Ca) 2.137
Tricapped trigonal prism J51 (Dsn) 1.819
Enneagon (Do) 34.502
Octagonal pyramid (Csy) 22.383
Hexagonal bipyramid (D7) 17.130
Johnson triangular cupola (Csv) 13.642
Eu3 Capped cube (Cs) 8.961
Spherical-relaxed capped cube (Csv) 7.712
Capped square antiprism J10 (Cy) 2.684
Spherical capped square antiprism (Cs) 1.797
Tricapped trigonal prism J51 (Dsn) 3.027
Octagon (Dsn) 31.120
Heptagonal pyramid (C7) 23.167
Hexagonal bipyramid (Dsn) 16.335
Cube (Or) 11.735
Eu4
Square antiprism (D4a) 3.276
Triangular dodecahedron (D:z4) 0.910
Johnson gyrobifastigium J26 (D2a) 11.543
Johnson elongated triangular bipyramid J14 (Dsx) 27.018
Enneagon (Do) 31.938
Octagonal pyramid (Csy) 21.950
Hexagonal bipyramid (D7) 19.627
Johnson triangular cupola (C3v) 12.622
EuS Capped cube (Cs) 10.102
Spherical-relaxed capped cube (Cs) 9.369
Capped square antiprism J10 (Cy) 1.779
Spherical capped square antiprism (Csy) 1.263
Tricapped trigonal prism J51 (Dsn) 1.987
Octagon (Dsn) 31.767
Heptagonal pyramid (C7) 23.789
Eu6 Hexagonal bipyramid (Dsn) 14.712
Cube (On) 13.088
Square antiprism (D4q) 3.478
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Triangular dodecahedron (Dzq) 1.256
Johnson gyrobifastigium J26 (Dz4) 9.727
Johnson elongated triangular bipyramid J14 (Dsx) 27.334
Octagon (Dsn) 31.632
Heptagonal pyramid (C7) 22.793
Hexagonal bipyramid (Dex) 15.904
Cube (On) 11.486
Eu7
Square antiprism (D4a) 3.318
Triangular dodecahedron (D:z4) 0.925
Johnson gyrobifastigium J26 (Dz4) 11.367
Johnson elongated triangular bipyramid J14 (Dsx) 27.582
Octagon (Dsn) 30.310
Heptagonal pyramid (C») 23.981
Hexagonal bipyramid (Dex) 15.355
Cube (On) 12.161
Eu8
Square antiprism (D4q) 2.749
Triangular dodecahedron (D:z4) 1.886
Johnson gyrobifastigium J26 (D24) 10.169
Johnson elongated triangular bipyramid J14 (Dsx) 26.385
Octagon (Dsn) 30.505
Heptagonal pyramid (C7) 24.365
Hexagonal bipyramid (Dex) 15.233
Cube (On) 11.992
Eu9
Square antiprism (D4q) 2.837
Triangular dodecahedron (D:z4) 2.015
Johnson gyrobifastigium J26 (Dz4) 10.005
Johnson elongated triangular bipyramid J14 (Dsx) 26.065
Octagon (Dsn) 28.723
Heptagonal pyramid (C») 20.866
Hexagonal bipyramid (Dex) 17.248
Cube (Or) 13.445
Eul0
Square antiprism (D4a) 3.943
Triangular dodecahedron (D:z4) 3.105
Johnson gyrobifastigium J26 (Dz4) 13.091
Johnson elongated triangular bipyramid J14 (Dsx) 24.507
Octagon (Dsn) 30.325
Heptagonal pyramid (C7) 23.793
Eull Hexagonal bipyramid (Dsn) 14.931
Cube (On) 13.220
Square antiprism (D4q) 3.741
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Triangular dodecahedron (Dzq) 1.391
Johnson gyrobifastigium J26 (Dz4) 10.367
Johnson elongated triangular bipyramid J14 (Dsx) 26.537
Octagon (Dsn) 31.766
Heptagonal pyramid (C7) 24.470
Hexagonal bipyramid (Dex) 15.576
Cube (Or) 12.995
Eul2
Square antiprism (D4q) 3.275
Triangular dodecahedron (D:z4) 1.619
Johnson gyrobifastigium J26 (Dz4) 9.989
Johnson elongated triangular bipyramid J14 (Dsx) 27.573
Octagon (Dsn) 32.036
Heptagonal pyramid (C») 23.520
Hexagonal bipyramid (Dex) 15.453
Cube (On) 12.841
Eul3
Square antiprism (D4q) 3.276
Triangular dodecahedron (D:z4) 1.458
Johnson gyrobifastigium J26 (D24) 10.552
Johnson elongated triangular bipyramid J14 (Dsx) 26.545
Enneagon (Do) 31.621
Octagonal pyramid (Csy) 23.328
Hexagonal bipyramid (D7) 18.172
Johnson triangular cupola (C3v) 11.287
Eul4 Capped cube (Cs) 8.426
Spherical-relaxed capped cube (Cs) 7.654
Capped square antiprism J10 (Ca) 2.592
Spherical capped square antiprism (Ca) 2.040
Tricapped trigonal prism J51 (Dsn) 1.701
Octagon (Dsn) 29.273
Heptagonal pyramid (C7v) 20.689
Hexagonal bipyramid (Dex) 17.467
Cube (On) 14.141
Eul5
Square antiprism (D4q) 3.766
Triangular dodecahedron (Dzq) 3.070
Johnson gyrobifastigium J26 (Dz4) 14.027
Johnson elongated triangular bipyramid J14 (D3x) 26.241
Octagon (Dsn) 31.300
Heptagonal pyramid (C7v) 24.024
Eul6
Hexagonal bipyramid (Dex) 14.897
Cube (On) 9.923
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Square antiprism (D4a) 3.153
Triangular dodecahedron (Dzq) 1.913
Johnson gyrobifastigium J26 (Dz4) 11.352
Johnson elongated triangular bipyramid J14 (D3x) 24.555
Octagon (Dsn) 29.685
Heptagonal pyramid (C7v) 21.043
Hexagonal bipyramid (Dex) 17.324
Cube (On) 13.509
Eul7
Square antiprism (D4a) 3.753
Triangular dodecahedron (Dza) 3.158
Johnson gyrobifastigium J26 (Dz4) 12.708
Johnson elongated triangular bipyramid J14 (D3x) 24.747
Octagon (Dsn) 30.584
Heptagonal pyramid (C7) 23.112
Hexagonal bipyramid (Dex) 16.199
Cube (On) 11.833
Eul8
Square antiprism (D4q) 2.776
Triangular dodecahedron (Dzq) 1.092
Johnson gyrobifastigium J26 (Dz4) 11.650
Johnson elongated triangular bipyramid J14 (D3x) 26.977
Octagon (Dsn) 30.678
Heptagonal pyramid (C7v) 22.617
Hexagonal bipyramid (Dex) 15.682
Cube (On) 11.713
Eul9
Square antiprism (D4q) 3.196
Triangular dodecahedron (Dzq) 1.064
Johnson gyrobifastigium J26 (Dz4) 11.264
Johnson elongated triangular bipyramid J14 (D3x) 26.590
Octagon (Dsn) 30.492
Heptagonal pyramid (C7v) 23.104
Hexagonal bipyramid (Dex) 14.786
Cube (On) 12.875
Eu20
Square antiprism (D4q) 3.643
Triangular dodecahedron (Dzq) 1.314
Johnson gyrobifastigium J26 (Dz4) 9.673
Johnson elongated triangular bipyramid J14 (D3x) 27.150
Octagon (Dsn) 30.433
Heptagonal pyramid (C7v) 24.383
Eu2l
Hexagonal bipyramid (Dex) 14.810
Cube (On) 11.988
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Square antiprism (D4a) 2.938

Triangular dodecahedron (Dzq) 2.068
Johnson gyrobifastigium J26 (Dz4) 9.541
Johnson elongated triangular bipyramid J14 (D3x) 25971
Enneagon (Do) 31.905
Octagonal pyramid (Csy) 22.003
Hexagonal bipyramid (D7) 19.833
Johnson triangular cupola (Csv) 12.652
Eu22 Capped cube (Cs) 10.286
Spherical-relaxed capped cube (Csv) 9.286
Capped square antiprism J10 (Ca) 1.813
Spherical capped square antiprism (Cs) 1.294
Tricapped trigonal prism J51 (Dsn) 2.130

Table S4. Coordination Environment of Eu(Ill) ions in 1-Eu.

Coordination environments Coordination environments of
Eu(t) cations of Eu(III) cations Eu(Hl) cations o 111 cations
eight O atoms from POT Bus; four O atoms from POT Bus;
one p3-O atom shared with Eu2 one p3-O atom shared with
Eul and Eu7 Eu2 {WOe}; one p2-O atom shared

with {WOs4}; one p3-O atom
shared with Eul and Eu7; one

n2-O atom shared with Eu5

eight O atoms from POT Bus; four O atoms from POT Bus;
one p3-O atom shared with Eu4 one p3-O atom shared with Eu3
Eu3 and Eu6 Eu4 and Eu6; two ps-O atoms

shared with {WOs}; one p-O
atom shared with {WQO4}

six O atoms from POT Bus; four O atoms from POT Bus;
one 2-O atom shared with one p3-O atom shared with

Eu5 Eu2; one p2-O atom shared Eu6 {WOes}; one n2-O atom shared
with {WOQOs} with {WOa4}; one p3-O atom

shared with Eu3 and Eu4; one

n2-O atom shared with Eu8

four O atoms from POT Bus; six O atoms from POT Bus; one
one p3-O atom shared with Eul p2-O atom shared with Eu2;
Eu7 and Eu2; two p3-O atoms Eug one p2-O atom shared with
shared with {WOgs}; one p2-O {WOe}

atom shared with {WQO4}
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Table S5. Coordination Environment of Eu(Ill) ions in 2-Eu.

Coordination environments Coordination environments of
Eu(III) cati Eu(III) cati
u(I) cations of Eu(III) cations udlh cations o 111) cations
Eul four O atoms from POT Bus; Eu2 six u3-O atoms shared with
four p3-O atoms shared with {Se03%}; three p2-O atoms
{Se03%} shared with {SeOs*}
Eu3 five p3-O atoms shared with Eu4 four p3-O atoms shared with
{Se03%"}; one p3-0O atom {Se03%"}; three u3-O atoms
shared with {SeO3>}; one p2-O shared with {SeOs3>}; one 12-O
atom shared with Eul5; two O atom shared with {SeO3>'}
atoms from water molecules.
EuS six p3-O atoms shared with Eu6 four O atoms from POT Bus;
{Se03%}; three p2-O atoms three ps-O atoms shared with
shared with {SeOs%'} {Se0s%}; one p2-0 atom shared
with {Se03%}
Eu7 four p3-O atoms shared with Eu8 four O atoms from POT Bus;
{Se03%}; three p3-O atoms three p3-O atoms shared with
shared with {SeO3>}; one p2-O {Se0s%}; one p2-0 atom shared
atom shared with {SeO3%'} with {Se03%}
Eu9 four O atoms from POT Bus; Eul0 four O atoms from POT Bus;
four p3-O atoms shared with four p3-O atoms shared with
{Se03%} {Se03%}
Eull four O atoms from POT Bus; Eul2 four O atoms from POT Bus;
four p3-O atoms shared with four p3-O atoms shared with
{Se03*} {Se03*}
Eul3 four O atoms from POT Bus; Eul4 six p3-O atoms shared with
four p3-O atoms shared with {Se03*}; three po-O atoms
{Se03*} shared with {SeO3>}
Eul5 six p3-O atoms shared with Eul6 four O atoms from POT Bus;
{Se03>}; one p2-O atom four u3-O atoms shared with
shared with Eu3; one O atom {Se03%}
from water molecule.
Eul?7 four O atoms from POT Bus; Eul8 four O atoms from POT Bus;
four p3-O atoms shared with three p3-O atoms shared with
{Se03*} {Se03%"}; one p2-0 atom shared
with {Se03%}
Eul9 four O atoms from POT Bus; Eu20 four O atoms from POT Bus;

three u3-O atoms shared with

{Se03%"}; one p2-0O atom

three p3-O atoms shared with

{Se03%}; one p2-0 atom shared
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shared with {SeO3%} with Eu21

Eu2l four O atoms from POT Bus; Eu22 six pu3-O atoms shared with
three ps-O atoms shared with {Se03%}; three p2-O atoms
{Se03%}; one p2-0O atom shared with {SeO3>}
shared with Eu22

Table S6. Hydrogen bond lengths (A) and angles(°) of compound 1-Eu.

D—H---A d(D—H) d(H---A) d(D—A) Ang(D-H---A)°  Symmetry codes of A
04q100-HI100B---Op22  0.850 2.295 2.9003(8) 126.926 3/2-x, 3/2-y, 1-z
04l7-H17B---0p121 0.850 2.890 3.2816(3) 110.148 1-x, 1-y, 1-z
04l7-H17A---04104 0.850 2.922 3.2486(3) 105.076 1-x, 1-y, 1-z
C4-H4C:--Oc15 0.960 1.845 2.7540(12) 156.867 X, Y, Z
C2-H2B:--0v63 0.960 1.909 2.8536(2) 167.523 XY, Z
C2-H2C:--0Ov145 0.960 1.768 2.6666(2) 154.494 XY, Z
Ow8-Hw8A--0p95 0.850 2.015 2.8645(2) 180.000 X,Y,Z
Owl-HwiB---Op122 0.850 1.938 2.7803(2) 170.479 X, Y, Z
Ow3-Hw3B---04139 0.850 2.168 2.8080(2) 131.931 3/2-x, 1/2+y, 3/2-z
Ow7-Hw7A:--Oc50 0.850 1.846 2.6964(2) 180.000 X, Y, Z
Ow8-Hw8A---0:168 0.850 2.500 2.8723(2) 108.319 X,Y,Z
Ow4-Hw4A:---040 0.850 2.047 2.8972(2) 180.000 X, 2-y, 1/2+z
Owl10-Hw10B---0455  0.850 3.302 3.3770(6) 90.766 1-x, 2-y, 1-z
Owl10-Hw10B---O:120  0.850 2.105 2.880(2) 180.000 1-x, 2-y, 1-z

Oq4=terminal oxygen, Op= bridging oxygen of two octahedra with common vertices, O.= bridging
oxygen of two octahedra with common edges.

Table S7. Hydrogen bond lengths (A) and angles(°) of compound 2-Eu.

D—H---A d(D—H) d(H---A) d(D—A) Ang(D-H---A)°  Symmetry codes of A
Owl19-Hw19A---Op125  0.850 1.913 2.7648(2) 180.000 X,Y,Z
Owl2-Hw12A---Oc182  0.850 1.997 2.8466(5) 180.000 X,Y,Z
Ow3-Hw3B::-Op7 0.850 2.011 2.8528(6) 180.000 X,Y,Z
Ow7-Hw7A::-0:367 0.850 2.039 2.8939(6) 180.000 X,Y,Z
Owl19-Hw19B---04263  0.850 2.304 2.9104(5) 128.741 -1+x,y, z
Ow19-Hw19B---0,270  0.850 2.520 2.9206(2) 109.775 XY, Z
Ow25-Hw25B:--Oc17 0.850 2.070 2.9191(5) 178.284 X,Y,Z
Ow3-Hw3B:--0p259 0.850 2.633 3.0087(5) 107.888 X,Y,Z
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Ow19-Hw19B---0p292  0.850 2.595
Owl7-Hwl17B---0c57 0.850 2.553
Owl0-Hw10B---O:220  0.850 2.592
Ow23-Hw23B---0:242  0.850 2.219
Ow26-Hw26B---0:217  0.850 2.622
Owl17-Hw17B---04166  0.850 2.234
Owl7-Hwl17A---Oc57 0.850 2.161
04310-H130B---Oc183 0.850 2.488
04150-H150B"--Oc125 0.850 2.355
Owl13-Hw13B---04150  0.850 2.030
Owl13-Hw13A---Oc121  0.850 2.088
0343-H81A---Owl 0.850 2.092
081-H81B---Ov76 0.850 2.068
0331-H311A---Ob139 0.850 1.997

3.0071(8)  113.549
3.01062)  126.934
3.02182) 112559
3.0271(7)  150.097
3.03298)  110.820
3.0753(1)  177.082
3.0106(2)  180.000
2.9740(7)  116.765
2.9502(3)  127.843
2.9820(8)  180.000
2.9351(4)  175.188
2.9342(8)  171.801
2.8028(5)  144.741

2.7959(5)  156.413

X, Y, Z
2-x, 1-y, 1/2+z

X, Y, Z

X, Y, Z

X, Y, Z

X, Y, Z

2-x, 1-y, -1/2+z
3/2-x, -1/2+y, 1/2+z
1-x, 1-y, 1/2+z

1-x, 1-y, 1/2+z

X, Y, Z

X, Y, Z

X, Y, Z

X’ y’Z

Table S8. Comparison of the PL lifetimes and quantum yield of various Eu(III)-

incorporated POTs.
Compound PL lifetime (t%) quantum yield Ref.
(%)
[H2N(CH3)2]sNa2H4[ EuaW3BiOs(HPO3)(H2MA ) (H20)s] 391.45 ps - 1
2[B-0-SeW9033]4-52H>0
Nas[Eus(H20)2(H2PDBA )2(HPO3)2W4O10][B-a- 749.51 ps 8.47 2
TeWg031]4-70H20
KeH36[ { As2W 19068} 2{ W5019(OH)Eus(Glu)2(H20)15} { (a0 232.00 ps - 3
-AsWy033)2W1010(Glu)2Eus(H20)17}2]-90H20
[H2N(CH3)2]14NazoHs[W4O10][B-B- 340.00 s ) 4
BiW9033]2{[Bis.35Sbo.6sEusO9(H20)9][B-0.-
SbW9Os3]3}2-124H20
H36Nag(H20)6{[Eu20(OH)s(H20)24(SO3)3(SeO3)9][A(4,11 411.00 ps 22.40 5
)-GeW10038]3[4(5,10)-GeW1003s]3} -6 1H20
H32[HaN(CH3)2]4[Naz(H20)7][K10(H20)12] { Eus(HCOO)a 759.8 us - 6
[(W202)(HCOO)(B-a-SeW7025)2][(SeO0)a(W207)4(B-a-
SeWy033)4]} - 26H20
Ha1[HaN(CHj3)2]4[Nas(H20)7][K4(H20)5](EuSe202) {(Eu 722.8 ps - 6

02)[(Eu(H20)3](WO2)2(W205)(HCOO)2}2{[B-0-
SeWs031]2[B-a-SeW9033]4} - 24H20
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H33Nai0K14(TMEDA )s[Eu30Ge12W1070420(OH)2(H20)14] 625 us 39.09 7
-solvents
1-Eu 481.4 ps 15.39 This
work
2-Eu 818.5 ps 47.34 This
work
Table S9 Summary of proton conductivity of POTs.
Compounds Conductivitymax Ea Ref
(S-em™) (eV)
Css[Tb(H20)4P4W6(O2)s(OH)4024]- nH20 2.78%1073 (65 °C, 0.49 8
95%RH)
[Zn(NHatrz)3][NHstrz]2[SiW12040]- 10H20 5.6 x 1073 (80 °C, 0.28 9
98%RH)
Naz(H30)s[ {Ru'V(bpy)}2{ WO2(C204)}2(GeW11039)2]-27H20 1.24 x 102(80 °C, 0.24 10
90%RH)
Hi7(Hz2en)3[Sb™MeSbYCe3014(H20)3][(SbWoO33)3(PWoO34)] - 28H20 4.57 x 10485 °C, 0.34 n
98%RH)
Ho[LnoWs(u14-0)12(12-0)24(H20)24](SiW12040)3-60H20 4.75% 107485 °C, 0.76 12
98%RH)
H3sNaioK1a(TMEDA )s[EuzoGe12W1070420(OH)2(H20)14] -solvents 1.95x107%(85 °C, 0.32 7
98%RH)
1-Eu 6.10x10-3(85 °C, 0.29 This
98%RH) work
2-Eu 6.58x103(85 °C, 0.27 This
98%RH) work
Table S10 Summary of storage performance of POMs.
Devices structure ON/OFF Set Endurance Ref.
/Reset (V)
{[Co2(bpdo)s(H20)6](0-GeW12040) } -4(H20)n 1.18x102 1.77/-2.10 100 13
[Co(H20)s]2[Co3(bpdo)s(H20)10][Coa(H20)2( 273 -0.63/0.75 20 14
B-a-PW9034)2]-2bpdo-14H20
(MV)2[Cual3](MnMosO15L2)-4CH;CN 2.328x102  0.97/-3.49 700 15
Ha[Na(H20)s]2[Co"(en)3 ]2{[Co™(en)]2(TasO19)2} - 22H0 143 %103 3.79/-7.64 100 16
Naio(H20)36[Co2(phen)2(4,4'"-bipy)(NbsO19)2]- 19H20 1.18 x 10 1.12/7.00 200 17
6
H32[HaN(CHj3)2]4[Na7(H20)7][K10(H20)12] 1.03x103 1.22/-7 14 150

{Eus(HCOO)4[(W202)(HCOO)(B-a-
SeW7025)2][(Se0)4(W207)4(B-0-SeW9033)4] } - 26H20
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H21[H2N(CHs)2]4[Nas(H20)7][K4(H20)s]
(EuSe202) {(EuO2)[(Eu(H20)3](WO2)2(W205)(HCOO)2}2{[B-
0-SeWs0s1]2[B-0-SeWoOs3]a} - 24H20

1-Eu

2-Eu

3.67x103

4.98x10°

2.68x10*

0.94/-7.40

1.00/-

1.08/-7.28

130

105

125

This
work
This

work

Table S11. Bond valence calculations of the W, Eu and Se atoms in 1-Eu and 2-Eu.

1-Eu
Atoms BVS Valence Atoms BVS Valence
Wi 6.13 +6 w27 5.99 +6
w2 6.09 +6 W28 6.07 +6
W3 5.71 +6 W29 6.11 +6
W4 5.99 +6 W30 6.21 +6
W5 6.21 +6 W31 6.25 +6
W6 6.07 +6 W32 5.98 +6
W7 6.49 +6 W33 5.81 +6
W8 5.43 +6 W34 5.92 +6
W9 5.86 +6 W35 6.08 +6
w10 6.57 +6 W36 6.36 +6
W11 6.04 +6 W37 5.94 +6
Wwi2 6.20 +6 W38 6.08 +6
W13 6.03 +6 W39 5.99 +6
W14 6.30 +6 W40 6.12 +6
W15 6.34 +6 w41 5.86 +6
W16 597 +6 w42 6.22 +6
W17 5.86 +6 W43 6.10 +6
W18 5.83 +6 Eul 2.99 +3
W19 5.92 +6 Eu2 2.96 +3
W20 5.82 +6 Eu3 3.03 +3
W21 5.89 +6 Eu4 3.39 +3
W22 6.03 +6 Eu5 3.20 +3
W23 6.09 +6 Eu6 2.93 +3
w24 6.16 +6 Eu7 3.09 +3
W25 5.86 +6 Eu8 3.25 +3
W26 6.25 +6
2-Eu
Atoms BVS Valence Atoms BVS Valence

W1 5.71 +6 W69 6.27 +6
W2 6.21 +6 W70 5.73 +6
W3 6.61 +6 W71 5.93 +6
W4 6.85 +6 W72 6.32 +6
W5 6.26 +6 W73 6.21 +6
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W6
w7
W8
W9
w10
W1l
W12
W13
W14
W15
W16
W17
W18
W19
W20
W21
w22
W23
W24
W25
W26
W27
W28
W29
W30
W3l
w32
w33
W34
W35
W36
W37
W38
W39
W40
W4l
W42
w43
W44
W45
W46
w47
W48
W49

6.41
6.14
5.80
6.41
6.16
3.90
5.84
6.13
6.69
5.81
5.75
6.17
5.59
5.71
5.94
6.37
6.81
6.04
5.90
6.13
6.20
6.29
5.88
6.40
6.82
6.14
5.95
6.33
3.97
5.89
6.16
6.14
6.37
5.78
5.90
6.02
6.21
5.61
5.87
6.10
5.57
5.86
6.31
6.24

+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6

W74
W75
W76
W77
W78
W79
W80
w8l
w382
w83
w84
w385
W86
w87
W88
W89
Sel
Se2
Se3
Se4
Se5
Se6
Se7
Se8
Se9
Sel0
Sell
Sel2
Sel3
Sel4
Sel5
Sel6
Sel7
Sel8
Sel9
Se20
Se2l
Se22
Se23
Se24
Eul
Eu2
Eu3
Eu4

6.06
5.70
5.96
6.12
5.82
6.76
5.98
6.34
6.34
5.77
5.70
5.87
6.11
593
6.02
6.11
4.17
3.66
4.14
3.87
4.04
4.17
3.98
4.23
3.79
3.94
4.64
3.99
4.17
4.05
4.29
3.97
4.18
4.00
4.04
4.29
3.86
4.20
3.90
4.17
3.33
2.82
2.83
3.14

+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+6
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+3
+3
+3

+3
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W50 5.97 +6 Eu5 2.76 +3
W51 5.89 +6 Eu6 2.97 +3
W52 5.83 +6 Eu7 3.37 +3
W53 5.76 +6 Eus 3.17 +3
W54 5.92 +6 Eu9 3.20 +3
W55 6.01 +6 Eul0 3.55 +3
W56 5.95 +6 Eull 3.20 +3
W57 6.02 +6 Eul2 3.24 +3
W58 5.80 +6 Eul3 3.15 +3
W59 5.81 +6 Eul4 2.71 +3
W60 6.00 +6 Eul5 2.77 +3
w61 5.76 +6 Eul6 3.24 +3
w62 6.34 +6 Eul7 3.30 +3
W63 6.01 +6 Eulg 3.00 +3
W64 6.46 +6 Eul9 3.27 +3
W65 6.15 +6 Eu20 3.25 +3
W66 7.32 +6 Eu2l 3.06 +3
W67 5.96 +6 Eu22 2.89 +3
w68 5.96 +6
Table S12. Selected bond lengths (A) for compound 1-Eu and 2-Eu.
1-Eu
W1-024 1.90(3) W23-042 1.89(3)
W1-032 1.87(3) W23-044 1.85(3)
W1-066 2.27(3) W23-072 1.72(3)
W1-090 2.23(3) W23-0130 2.36(3)
W1-0113 1.72(3) W23-0146 1.91(3)
W1-0138 1.73(3) W23-0149 1.91(3)
W2-053 1.99(3) W24-070 1.87(3)
W2-064 1.75(3) W24-086 1.88(3)
W2-081 2.26(3) W24-098 1.88(3)
W2-093 1.83(3) W24-0109 1.95(3)
W2-0101 1.77(3) W24-0111 2.39(3)
W2-0120 2.01(3) W24-0143 1.69(3)
W3-049 1.78(3) W25-075 2.26(3)
W3-066 1.80(3) W25-077 1.81(3)
W3-088 1.74(3) W25-095 1.91(3)
W3-0125 1.77(3) W25-0101 2.13(3)
W4-023 2.29(3) W25-0102 1.97(3)
W4-062 1.88(3) W25-0170 1.68(3)
W4-079 1.74(3) W26-06 1.92(3)
W4-0104 1.75(3) W26-026 1.68(3)
W4-0121 1.95(3) W26-027 1.89(3)
W4-0155 2.08(3) W26-084 2.33(3)
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W5-030
W5-0129
W5-0136
W5-0144
W5-0160

W5-085

W6-09

W6-051

W6-094
W6-0100
W6-0103
W6-0154

W7-013

W7-025

W7-045

W7-057
W7-0135

W8-01
W8-08

W8-020

W8-031

W8-098
W8-0111

W9-018

W9-025

W9-034

W9-048

W9-062
W9-0135

W10-07
W10-030
W10-057
W10-060

W10-0160
W10-0171
WI11-051
W11-063
W11-070
W11-096
W11-0103
WI11-0124
W12-019
W12-040
W12-068

2.21(3)
1.86(3)
1.82(3)
1.73(3)
1.96(3)
1.93(4)
1.92(3)
1.86(3)
1.89(3)
1.74(3)
2.26(3)
1.90(3)
1.86(3)
2.33(3)
1.67(3)
1.91(3)
1.99(3)
2.14(3)
1.78(2)
1.88(3)
1.78(3)
2.04(3)
2.293)
1.87(3)
2.36(3)
1.78(3)
1.87(3)
1.96(3)
1.86(3)
1.84(3)
2.28(3)
1.86(3)
1.75(3)
1.87(3)
1.81(4)
1.96(3)
1.83(3)
1.94(3)
1.92(3)
2.28(3)
1.70(3)
1.74(3)
2.10(3)
1.76(3)

W26-091
W26-0165
W27-063
W27-067
W27-086
W27-092
W27-097
W27-0122
W28-040
W28-069
W28-0105
W28-0110
W28-0114
W28-0165
W29-042
W29-075
W29-078
W29-0102
W29-0112
W29-0127
W30-05
W30-06
W30-059
W30-084
W30-0139
W30-0161
W31-015
W31-021
W31-0107
W31-0130
W31-0149
W31-0173
W32-011
W32-074
W32-089
W32-0154
W32-0167
W32-0174
W33-021
W33-056
W33-061
W33-071
W33-0162
W33-0164

1.86(3)
1.91(3)
2.08(3)
1.91(3)
1.95(3)
1.72(3)
2.26(3)
1.76(3)
1.82(3)
1.92(3)
1.70(3)
1.95(3)
2.31(3)
1.94(3)
1.93(3)
2.20(3)
1.76(3)
1.91(3)
1.71(3)
2.10(3)
1.92(3)
1.96(3)
1.83(3)
2.25(3)
1.74(3)
1.83(3)
1.91(3)
1.97(3)
1.68(3)
2.33(3)
1.87(3)
1.84(3)
2.01(3)
1.79(3)
1.91(3)
1.94(3)
1.74(3)
2.22(3)
2.02(3)
1.89(3)
2.28(3)
1.77(3)
1.95(3)
1.79(3)
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W12-083
W12-0114
W12-0119

W13-094

W13-096

W13-099
W13-0103
W13-0128
W13-0156

W14-044

W14-053

W14-081
W14-0127
W14-0137
W14-0169

W15-055

W15-081
W15-0120
W15-0162
W15-0169
W15-0173

W16-015

W16-028
W16-0106
W16-0130
W16-0134
W16-0146

W17-027

W17-029

W17-059

W17-065

W17-084
W17-0123

W18-014

W18-090
W18-0117
W18-0145

W19-052
W19-0129
W19-0133
W19-0140
W19-0163
W19-0166

W20-01

2.05(3)
2.29(3)
1.74(3)
2.00(3)
1.98(3)
1.81(3)
2.31(3)
1.73(3)
1.83(3)
1.96(3)
1.87(3)
2.29(3)
1.80(3)
1.67(3)
1.99(3)
1.72(3)
2.303)
1.86(3)
1.91(3)
1.79(3)
1.95(3)
2.18(3)
1.86(3)
1.71(3)
2.29(3)
1.75(3)
1.98(3)
2.013)
1.81(3)
2.05(3)
1.82(3)
2.31(3)
1.74(3)
1.73(3)
1.84(3)
1.79(3)
1.71(3)
1.93(3)
2.05(3)
1.75(3)
1.77(3)
2.26(3)
1.91(3)
1.89(2)

W34-07
W34-013
W34-016
W34-052

W34-0108
W34-0163
W35-035
W35-067
W35-097
W35-099
W35-0142
W35-0153
W36-018
W36-025
W36-036
W36-0151
W36-0158
W36-0172
W37-039
W37-050
W37-089
W37-0153
W37-0156
W37-0174
W38-023
W38-0121
W38-0131
W38-0136
W38-0148
W38-0166

W39-02
W39-022
W39-080

W39-0118
W39-0132
W39-0161
W40-046
W40-047
W40-069
W40-091
W40-0115
W40-0168
W41-02
W41-03

2.043)
1.943)
1.79(3)
1.93(3)
1.72(3)
2.25(3)
1.73(3)
1.92(3)
2.24(3)
2.06(3)
1.79(3)
1.97(3)
2.07(3)
2.28(3)
1.76(3)
1.75(3)
2.12(3)
1.80(3)
1.70(3)
1.79(3)
1.98(3)
1.87(3)
2.07(3)
2.24(3)
2.17(3)
1.95(3)
1.69(3)
2.06(3)
1.77(3)
1.92(3)
2.26(3)
1.92(3)
1.93(3)
1.793)
1.71(3)
2.05(3)
2.28(3)
1.72(3)
1.92(3)
2.01(3)
1.76(3)
1.93(3)
2.27(3)
1.75(3)
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W20-09
W20-011
W20-0109
W20-0111
W20-0159
W21-056
W21-061
W21-073
W21-093
W21-095
W21-0157
W22-04
W22-046
W22-065
W22-0116
W22-0152
W22-0168
Eul-O1
Eul-02
Eul-Ol11
Eul-020
Eul-033
Eul-058
Eul-068
Eul-074
Eul-O118
Eu2-014
Eu2-020
Eu2-032
Eu2-050
Eu2-058
Eu2-074
Eu2-0126
Eu2-0174
Eu3-012
Eu3-015
Eu3-021
Eu3-028
Eu3-079
Eu3-0148
Eu3-0151
Eu3-0164
Eu4-012
Eu4-016

1.90(3)
1.96(3)
1.90(3)
2.34(3)
1.73(3)
1.96(3)
2.21(3)
1.74(3)
2.06(3)
1.94(3)
1.76(3)
1.68(3)
2.25(3)
2.11(3)
1.97(3)
1.75(3)
1.95(3)
2.63(3)
2.94(3)
2.51(3)
2.37(3)
2.36(3)
2.35(3)
2.34(3)
2.62(3)
2.34(3)
2.41(3)
2.41(3)
2.37(3)
2.44(3)
2.60(3)
2.36(3)
2.29(3)
3.02(3)
2.39(3)
2.56(3)
2.46(3)
2.38(3)
2.39(3)
2.37(3)
2.36(3)
2.64(3)
2.31(3)
2.35(3)

W41-022
W41-029
W41-033
W41-0116
W42-017
W42-030
W42-048
W42-0155
W42-0171
W42-085
W43-05
W43-080
W43-083
W43-0110
W43-0114
W43-0141
Eu5-08
Eu5-036
Eu5-097
Eu5-0106
Eu5-0113
Eu5-0122
Eu5-0126
Eu5-0142
Eu6-012
Eu6-024
Eu6-028
Eu6-054
Eu6-061
Eu6-073
Eu6-0125
Eu6-0164
Eu7-032
Eu7-046
Eu7-058
Eu7-066
Eu7-0115
Eu7-0117
Eu7-0119
Eu7-0152
Eu8-019
Eu8-031
Eu8-054
Eu8-075

1.96(3)
2.07(3)
1.77(3)
1.89(3)
1.76(3)
2.38(3)
1.94(3)
1.81(3)
2.01(3)
1.92(4)
1.89(3)
1.93(3)
1.85(3)
1.91(3)
2.34(3)
1.71(3)
2.32(3)
2.303)
3.003)
2.47(3)
2.41(3)
2.42(3)
2.313)
2.41(3)
2.59(3)
2.37(3)
2.42(3)
2.303)
3.12(3)
2.44(3)
2.40(3)
2.36(3)
2.45(3)
2.86(3)
2.36(3)
2.44(3)
2.37(3)
2.34(3)
2.32(3)
2.48(3)
2.37(3)
2.41(3)
2.26(3)
3.08(3)
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Eu4-024 2.42(3) Eu8-077 2.38(3)
Eu4-049 2.40(3) Eu8-078 2.43(3)
Eu4-090 2.36(3) Eu8-0134 2.36(3)
Eu4-0140 2.37(3) Eu8-0138 2.37(3)
Eu4-0163 2.88(3)
Eu4-0172 2.29(3)
2-Eu
W1-0127 2.05(4) W46-0109 1.81(5)
W1-0197 1.82(4) W46-0129 2.01(4)
W1-0219 1.80(4) W46-0255 1.98(4)
W1-0222 2.36(4) W46-0256 2.42(4)
W1-0308 1.73(4) W46-0276 1.84(4)
W1-0366 2.11(4) W46-0364 1.91(4)
W2-097 2.00(4) W47-0100 1.96(5)
W2-0193 1.76(4) W47-0104 1.82(4)
W2-0227 1.91(4) W47-0120 1.95(4)
W2-0318 2.05(4) W47-0154 1.97(5)
W2-0332 1.66(5) W47-0166 1.70(4)
W2-0374 2.27(4) W47-0176 2.36(4)
W3-04 2.40(4) W48-032 2.07(4)
W3-012 1.91(4) W48-036 2.26(4)
W3-014 1.69(4) W48-044 1.91(4)
W3-022 1.76(4) W48-050 1.73(4)
W3-030 1.91(4) W48-064 1.95(4)
W3-0393 1.86(4) W48-086 1.68(4)
W4-0116 1.52(6) W49-0255 1.87(4)
W4-0142 2.23(5) W49-0259 1.95(4)
W4-0151 1.76(6) W49-0291 1.86(4)
W4-0190 2.15(6) W49-0310 1.68(4)
W4-0367 1.96(5) W49-0352 2.43(4)
W4-0395 1.88(5) W49-0370 1.88(5)
W5-0107 1.92(4) W50-029 1.96(4)
W5-0223 1.78(4) W50-0133 1.84(4)
W5-0257 1.83(4) W50-0272 1.94(4)
W5-0280 2.42(4) W50-0352 2.26(4)
W5-0283 1.95(4) W50-0370 2.01(4)
W5-0326 1.74(4) W50-0392 1.67(4)
W6-015 1.73(4) W51-092 1.85(4)
W6-033 1.87(4) W51-0106 1.88(4)
W6-0287 2.46(4) W51-0124 2.31(4)
W6-0296 1.73(4) W51-0144 1.83(4)
W6-0362 1.90(4) W51-0206 1.97(5)
W6-0376 1.95(4) W51-0216 1.92(5)
W7-098 1.95(4) W52-051 1.77(4)
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W7-0124
W7-0128
W7-0140
W7-0180
W7-0206
W8-0115
W8-0145
W8-0195
W8-0231
W8-0271
W8-0336
W9-013
W9-095
W9-0221
W9-0302
W9-0346
W9-0368
W10-091
W10-0232
W10-0243
W10-0275
W10-0356
W10-0365
W11-0126
W11-0174
W11-0183
W11-0196
W12-056
W12-068
W12-072
W12-076
W12-082
W12-088
W13-057
W13-0117
W13-0143
W13-0217
W13-0290
W13-0293
W14-091
W14-0103
W14-0135
W14-0201
W14-0234

2.30(5)
1.67(5)
2.06(4)
1.76(4)
1.94(4)
1.77(4)
1.76(4)
2.08(4)
2.12(4)
2.29(4)
1.79(4)
2.02(4)
1.97(4)
1.73(4)
1.90(4)
1.67(4)
2.29(4)
1.78(5)
2.39(4)
1.64(5)
2.04(5)
1.95(5)
1.67(5)
2.45(5)
1.76(5)
1.94(5)
1.81(5)
2.04(4)
2.25(4)
1.81(4)
1.85(4)
1.73(4)
2.03(4)
1.94(4)
1.87(4)
1.98(4)
1.85(4)
2.18(4)
1.71(4)
1.97(5)
2.37(4)
1.72(5)
1.79(5)
1.95(5)

W52-0226
W52-0246
W52-0321
W52-0345
W52-0380
W53-03
W53-096
W53-0108
W53-0188
W53-0192
W53-0218
W54-0234
W54-0289
W54-0294
W54-0318
W54-0356
W54-0374
W55-0106
W55-0122
W55-0130
W55-0154
W55-0176
W55-0184
W56-0127
W56-0241
W56-0242
W56-0274
W56-0330
W56-0340
W57-065
W57-0103
W57-0201
W57-0249
W57-0267
W57-0269
W58-0126
W58-0136
W58-0170
W58-0194
W58-0196
W58-0210
W59-073
W59-0189
W59-0232

2.31(4)
2.00(4)
1.91(4)
1.95(4)
1.76(4)
2.07(7)
2.31(5)
2.03(5)
1.90(5)
1.73(5)
1.75(5)
1.89(5)
1.85(5)
1.67(4)
1.86(4)
1.94(5)
2.44(4)
1.99(4)
1.64(4)
2.15(5)
1.96(4)
2.32(5)
1.85(4)
1.86(4)
1.89(4)
1.93(4)
1.75(4)
1.95(4)
2.30(4)
1.76(5)
2.30(4)
2.02(4)
1.93(5)
1.83(4)
1.93(5)
2.37(5)
1.69(5)
1.79(5)
1.90(5)
2.00(5)
2.17(5)
1.82(4)
1.91(5)
2.24(4)
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W14-0273
W15-06
W15-08

W15-016
W15-044
W15-054
W15-084

W16-0217

W16-0238

W16-0248

W16-0265

W16-0266

W16-0320

W17-0131

W17-0179

W17-0256

W17-0276

W17-0278

W17-0358

W18-0113

W18-0123

W18-0253

W18-0295

W18-0358

W18-0360
W19-06
W19-08

W19-018
W19-026
W19-070
W19-088
W20-04
W20-020
W20-034
W20-038
W20-042

W20-0393

W21-07
W21-029
W21-067
W21-071

W21-0113

W21-0360
W22-03

1.71(5)
1.87(4)
2.28(4)
2.02(4)
1.96(4)
1.82(4)
1.75(4)
2.04(4)
2.05(4)
1.76(4)
1.77(4)
2.33(4)
1.85(4)
1.73(4)
1.73(4)
2.27(4)
2.06(4)
1.90(4)
1.93(4)
2.03(5)
1.74(4)
1.75(4)
2.10(4)
1.95(4)
2.31(4)
1.95(4)
2.32(4)
1.99(4)
1.95(4)
1.72(4)
1.84(4)
2.32(4)
1.99(4)
1.78(4)
1.83(4)
1.77(4)
2.00(4)
1.99(4)
1.89(4)
1.70(4)
1.77(4)
1.88(4)
2.32(4)
0.88(7)

W59-0269
W59-0359
W59-0365
W60-055
W60-057
W60-099
W60-0137
W60-0286
W60-0290
W61-0132
W61-0148
W61-0162
W61-0168
W61-0172
W61-0220
W62-094
W62-096
W62-0158
W62-0188
W62-0194
W62-0212
W64-061
W64-0205
W64-0228
W64-0256
W64-0278
W64-0364
W65-0211
W65-0226
W65-0240
W65-0246
W65-0279
W65-0312
W67-0126
W67-0183
W67-0210
W67-0361
W67-0369
W67-0395
W68-027
W68-039
W68-0121
W68-0250
W68-0281

1.92(5)
1.69(5)
2.04(4)
1.75(4)
1.96(4)
1.64(4)
2.00(4)
1.90(4)
2.29(4)
2.46(4)
1.83(4)
1.94(5)
1.64(5)
1.89(5)
2.00(5)
1.68(5)
2.32(6)
1.91(5)
1.71(6)
1.92(6)
2.12(6)
1.96(4)
1.70(4)
1.67(4)
2.30(4)
1.93(4)
2.03(4)
1.88(4)
2.40(4)
1.92(4)
1.92(4)
1.71(4)
1.83(4)
1.97(5)
1.49(6)
1.88(6)
2.07(5)
2.08(5)
1.87(6)
1.74(4)
1.76(4)
1.91(4)
1.93(4)
2.30(4)
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W22-0112
W22-0138
W22-0204
W23-04
W23-012
W23-020
W23-026
W23-056
W23-058
W24-036
W24-038
W24-060
W24-062
W24-064
W24-066
W25-045
W25-073
W25-0173
W25-0254
W25-0267
W25-0382
W26-0107
W26-0207
W26-0261
W26-0270
W26-0334
W26-0344
W27-015
W27-0285
W27-0286
W27-0287
W27-0297
W27-0348
W28-021
W28-092
W28-0146
W28-0184
W28-0198
W28-0200
W29-049
W29-063
W29-0121
W29-0125
W29-0281

1.96(6)
2.23(6)
2.08(6)
2.23(4)
1.96(4)
1.93(4)
1.90(4)
1.84(4)
1.72(5)
2.29(4)
2.00(4)
2.04(4)
1.77(4)
1.90(4)
1.72(3)
1.82(4)
2.12(4)
1.73(4)
1.72(4)
2.03(4)
2.28(4)
1.91(4)
1.86(4)
1.68(4)
1.88(4)
1.92(4)
2.44(4)
2.01(4)
1.67(4)
1.97(4)
2.26(4)
1.77(4)
1.90(4)
1.83(4)
2.07(4)
2.31(4)
2.05(4)
1.71(4)
1.80(4)
1.66(4)
1.71(4)
1.97(4)
2.06(4)
2.29(4)

W68-0306
W69-025
W69-0203
W69-0233
W69-0250
W69-0257
W69-0280
W70-095
W70-0117
W70-0238
W70-0263
W70-0264
W70-0368
W71-0124
W71-0140
W71-0148
W71-0178
W71-0208
W71-0216
W72-053
W72-0226
W72-0241
W72-0312
W72-0345
W72-0366
W73-0120
W73-0130
W73-0150
W73-0162
W73-0176
W73-0178
W74-069
W74-097
W74-0236
W74-0289
W74-0316
W74-0374
W75-0134
W75-0142
W75-0156
W75-0160
W75-0323
W75-0369
W76-0101

2.05(4)
1.95(4)
1.67(4)
1.76(4)
1.92(4)
2.04(4)
2.26(4)
1.89(4)
2.00(4)
1.87(4)
1.68(4)
2.04(4)
2.34(4)
2.38(4)
1.73(5)
2.03(5)
1.96(5)
1.76(5)
1.90(5)
1.67(4)
2.33(4)
1.95(4)
1.95(4)
1.89(4)
1.80(4)
1.91(5)
1.62(5)
1.71(5)
1.93(5)
2.35(4)
1.85(5)
1.70(4)
1.91(4)
1.74(4)
2.08(4)
1.96(4)
2.34(4)
1.76(5)
2.08(5)
2.38(5)
1.78(5)
1.77(5)
2.16(5)
1.84(4)
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W29-0292
W30-091
W30-0232
W30-0243
W30-0275
W30-0356
W30-0365
W31-017
W31-0111
W31-0195
W31-0213
W31-0334
W31-0344
W32-0199
W32-0258
W32-0282
W32-0300
W32-0311
W32-0354
W33-033
W33-0177
W33-0215
W33-0287
W33-0302
W33-0348
W34-0112
W34-0116
W34-0151
W34-0214
W35-08
W35-010
W35-016
W35-018
W35-028
W35-030
W36-071
W36-0133
W36-0139
W36-0235
W36-0304
W36-0322
W37-017
W37-0149
W37-0207

1.93(4)
2.10(5)
2.48(5)
1.61(5)
1.78(5)
1.74(5)
1.96(5)
1.94(4)
1.67(4)
1.87(4)
1.92(4)
1.93(4)
2.27(4)
1.75(3)
1.85(4)
1.74(3)
2.30(4)
2.01(4)
2.02(4)
2.04(4)
1.70(4)
1.69(4)
2.26(4)
1.97(4)
1.94(4)
1.89(5)
1.94(5)
2.30(5)
1.71(6)
2.39(4)
1.91(4)
1.86(4)
1.91(4)
1.73(4)
1.93(4)
2.11(4)
2.09(4)
1.77(4)
1.72(4)
1.74(4)
2.29(4)
1.98(4)
1.65(4)
2.07(4)

W76-0141
W76-0211
W76-0251
W76-0300
W76-0354
W77-098
W77-0102
W77-0132
W77-0152
W77-0182
W77-0220
W78-03
W78-0112
W78-0138
W78-0151
W78-0204
W78-0367
W79-0116
W79-0142
W79-0151
W79-0190
W79-0367
W79-0395
W80-035
W80-061
W80-0272
W80-0284
W80-0291
W80-0352
W81-03
W81-0112
W81-0138
W81-0151
W81-0204
W81-0367
W82-0126
W82-0183
W82-0210
W82-0361
W82-0369
W82-0395
W83-090
W83-0100
W83-0132

1.72(4)
1.95(4)
1.92(4)
2.45(4)
1.88(4)
1.90(4)
1.76(4)
2.26(5)
1.71(5)
1.94(4)
2.06(4)
2.14(7)
2.02(6)
1.66(5)
2.24(5)
1.85(5)
1.67(6)
2.05(6)
1.76(5)
2.32(5)
1.60(6)
2.04(5)
1.80(5)
1.72(4)
1.90(4)
1.94(4)
1.79(4)
2.05(4)
2.25(4)
1.74(7)
1.87(6)
1.80(5)
2.34(5)
1.77(5)
2.08(6)
2.38(5)
2.00(5)
1.76(5)
1.62(5)
1.66(5)
2.04(5)
1.77(4)
1.86(5)
2.29(4)
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W37-0277
W37-0292
W37-0344
W38-037
W38-0189
W38-0232
W38-0275
W38-0301
W38-0316
W39-0137
W39-0143
W39-0245
W39-0290
W39-0376
W39-0377
W40-0191
W40-0229
W40-0230
W40-0242
W40-0258
W40-0340
W41-0103
W41-0147
W41-0209
W41-0227
W41-0249
W41-0273
W42-094
W42-096
W42-0158
W42-0188
W42-0194
W42-0212
W43-096
W43-0108
W43-0186
W43-0212
W43-02
W43-023
W44-0101
W44-0224
W44-0300
W44-0311
W44-0314

1.78(4)
1.94(4)
2.24(4)
1.70(4)
1.99(5)
2.28(5)
2.00(4)
1.72(4)
1.88(4)
1.88(4)
1.90(4)
1.75(4)
2.38(4)
1.93(4)
1.91(4)
1.98(4)
1.77(3)
1.69(4)
1.98(4)
1.96(4)
2.31(4)
2.30(4)
1.72(4)
1.71(5)
1.90(4)
1.97(4)
2.16(4)
1.77(5)
2.48(5)
1.77(5)
1.99(5)
1.70(5)
2.09(5)
2.41(5)
1.95(5)
1.69(5)
1.79(5)
2.23(3)
2.23(3)
2.06(3)
1.76(3)
2.30(4)
1.92(4)
1.73(4)

W83-0172
W83-0182
W83-0202
W84-0191
W84-0225
W84-0240
W84-0251
W84-0330
W84-0340
W85-0125
W85-0270
W85-0281
W85-0283
W85-0299
W85-0306
W86-025
W86-0213
W86-0223
W86-0231
W86-0262
W86-0280
W88-013
W88-059
W88-0264
W88-0362
W88-0368
W88-0377
W§9-010
W§89-022
W§89-024
W89-032
W89-036
W89-060
Eul1-083
Eul1-090
Eul1-0104
Eul1-O118
Eul1-0O146
Eul1-0O164
Eul1-0169
Eul1-0200
Eul2-063
Eul2-079
Eul2-0268

2.04(5)
2.00(5)
1.78(5)
1.90(4)
1.75(4)
1.91(4)
1.91(4)
1.92(4)
2.42(4)
1.86(4)
1.99(4)
2.45(4)
1.92(4)
1.72(4)
1.86(4)
1.93(4)
1.92(4)
2.06(4)
1.77(4)
1.69(4)
2.29(4)
1.88(4)
1.73(4)
1.83(5)
1.95(4)
2.41(4)
1.94(4)
1.91(4)
2.07(4)
1.68(4)
1.80(4)
2.43(4)
1.87(4)
2.47(4)
2.38(5)
2.21(4)
2.42(4)
2.70(4)
2.44(3)
2.54(4)
2.33(4)
2.39(4)
2.51(4)
2.34(4)
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W44-0321
W45-07
W45-0105
W45-0129
W45-0259
W45-0295
W45-0360
Eul-040
Eul-042
Eul-062
Eul-068
Eul-072
Eul-074
Eul-078
Eul-080
Eu2-083
Eu2-0153
Eu2-0157
Eu2-0159
Eu2-0163
Eu2-0164
Eu2-0167
Eu2-0317
Eu2-0363
Eu3-046
Eu3-048
Eu3-081
Eu3-0110
Eu3-0181
Eu3-0327
Eu3-0333
Eu3-0343
Eu3-0351
Eu4-0119
Eu4-0197
Eu4-0199
Eu4-0222
Eu4-0229
Eu4-0260
Eu4-0303
Eu4-0338
Eu5-011
Eu5-019
Eu5-077

1.95(4)
1.86(4)
1.80(4)
1.81(4)
1.91(4)
1.87(4)
2.37(4)
2.29(3)
2.30(4)
2.33(4)
2.71(4)
2.30(4)
2.45(4)
2.44(3)
2.55(4)
2.60(4)
2.65(4)
2.61(4)
2.26(4)
2.43(4)
2.54(4)
2.45(4)
2.33(4)
2.31(4)
2.57(4)
2.45(4)
2.48(4)
2.59(4)
2.31(4)
2.39(3)
2.49(4)
2.46(4)
2.48(4)
2.45(3)
2.32(4)
2.39(4)
2.64(4)
2.31(4)
2.60(4)
2.33(3)
2.46(3)
2.32(4)
2.61(4)
2.45(4)

Eul2-0271
Eul2-0277
Eul2-0305
Eul2-0307
Eul2-0336
Eul3-039
Eul3-085
Eul3-0145
Eul13-0233
Eul3-0271
Eul13-0307
Eul3-0315
Eul3-0329
Eul4-05
Eul4-087
Eul4-0175
Eul4-0298
Eul4-0315
Eul4-0329
Eul4-0337
Eul4-0349
Eul4-0353
Eul5-041
Eul5-0161
Eul5-0268
Eul5-0305
Eul5-0331
Eul5-0333
Eul5-0342
Eul5-0372
Eul6-019
Eul6-0228
Eul6-0284
Eul6-0304
Eul6-0319
Eul6-0322
Eul6-0325
Eul6-0350
Eul7-031
Eul7-0123
Eul7-0139
Eul7-0179
Eul7-0322
Eul7-0342

2.61(4)
2.26(4)
2.56(4)
2.40(4)
2.34(4)
2.33(4)
2.46(4)
2.36(4)
2.30(4)
2.67(4)
2.37(4)
2.48(4)
2.50(3)
2.31(4)
2.43(4)
2.47(4)
2.68(4)
2.58(4)
2.58(4)
2.31(4)
2.62(4)
2.41(3)
2.30(4)
2.40(3)
2.52(4)
2.48(4)
2.52(4)
2.62(4)
2.41(3)
2.59(4)
2.51(4)
2.42(4)
2.30(4)
2.35(4)
2.46(4)
2.71(4)
2.41(3)
2.27(3)
2.39(4)
2.29(4)
2.35(4)
2.34(4)
2.63(4)
2.43(4)
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Eu5-089
Eu5-0171
Eu5-0252
Eu5-0288
Eu5-0319
Eu5-0341
Eu6-0177
Eu6-0221
Eu6-0239
Eu6-0265
Eu6-0266
Eu6-0324
Eu6-0328
Eu6-0355

Eu7-051
Eu7-0153
Eu7-0163
Eu7-0165
Eu7-0219
Eu7-0222
Eu7-0224
Eu7-0303

Eu8-055

Eu8-077
Eu8-0155
Eu8-0171
Eu8-0266
Eu8-0297
Eu8-0320
Eu8-0328

Eu9-021

Eu9-048
Eu9-0102
Eu9-0110
Eu9-0114
Eu9-0118
Eu9-0146
Eu9-0180
Eu10-040
Eul0-046
Eul0-050
Eul0-052
Eul0-0O54
Eul0-068

2.42(3)
2.66(4)
2.32(4)
2.56(4)
2.55(4)
2.51(4)
2.50(4)
2.31(4)
2.61(4)
2.33(4)
2.65(4)
2.46(4)
2.39(4)
2.41(4)
2.26(4)
2.38(3)
2.43(4)
2.60(4)
2.29(4)
2.54(3)
2.36(4)
2.41(4)
2.32(4)
2.40(4)
2.57(4)
2.50(4)
2.60(4)
2.36(4)
2.33(4)
2.36(4)
2.29(4)
2.37(4)
2.37(4)
2.62(4)
2.48(4)
2.33(4)
2.63(4)
2.36(4)
2.38(3)
2.48(4)
2.33(4)
2.41(4)
2.21(4)
2.58(4)

Eul7-0350
Eul7-0372
Eul8-0147
Eul8-0175
Eul8-0193
Eul8-0244
Eul8-0247
Eul8-0254
Eul8-0298
Eul8-0382
Eul9-037
Eul9-045
Eul9-075
Eul9-0236
Eul19-0244
Eul9-0288
Eul9-0341
Eul9-0382
Eu20-043
Eu20-094
Eu20-0134
Eu20-0156
Eu20-0157
Eu20-0167
Eu20-0170
Eu20-0309
Eu21-087
Eu21-0138
Eu21-0156
Eu21-0218
Eu21-0309
Eu21-0323
Eu21-0339
Eu21-0349
Eu22-074
Eu22-080
Eu22-0119
Eu22-0237
Eu22-0313
Eu22-0324
Eu22-0338
Eu22-0355
Eu22-0357
Sel3-019

2.39(3)
2.48(4)
2.36(4)
2.39(4)
2.37(4)
2.42(4)
2.63(4)
2.38(4)
2.41(4)
2.64(4)
2.32(4)
2.25(4)
2.60(4)
2.40(4)
2.36(4)
2.44(4)
2.37(4)
2.66(4)
2.55(4)
2.41(5)
2.46(5)
2.68(5)
2.50(4)
2.40(4)
2.26(5)
2.21(4)
2.38(4)
2.36(5)
2.61(5)
2.38(5)
2.32(4)
2.37(5)
2.53(5)
2.61(4)
2.56(4)
2.50(4)
2.46(3)
2.33(4)
2.45(3)
2.66(3)
2.63(4)
2.53(4)
2.31(4)
1.68(3)
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Eul0-076
Eul0-0327
Sel-083
Sel-0167
Sel-0169
Se2-0237
Se2-0252
Se2-0328
Se3-0119
Se3-0239
Se3-0324
Se4-0159
Se4-0335
Se4-0337
Se5-040
Se5-0313
Se5-0327
Se6-0118
Se6-0181
Se6-0363
Se7-075
Se7-0288
Se7-0319
Se8-031
Se8-0268
Se8-0372
Se9-085
Se9-087
Se9-0329
Sel0-0O5
Sel0-041
Se10-0307
Sel1-046
Sel11-048
Sel1-052
Sel12-043
Sel12-0157
Sel12-0163

2.27(4)
2.47(4)
1.71(4)
1.71(4)
1.65(4)
1.73(4)
1.69(4)
1.80(4)
1.68(3)
1.65(4)
1.75(4)
1.70(4)
1.74(4)
1.71(4)
1.70(4)
1.67(3)
1.72(3)
1.74(4)
1.63(4)
1.64(3)
1.74(4)
1.68(4)
1.70(4)
1.62(4)
1.73(4)
1.71(4)
1.67(4)
1.75(4)
1.76(4)
1.67(4)
1.72(4)
1.73(3)
1.69(4)
1.69(4)
1.58(4)
1.74(4)
1.72(4)
1.66(4)

Sel3-077
Sel3-0325
Sel4-0155
Sel4-0171
Sel4-0341
Sel5-0247
Se15-0298
Sel5-0315
Se16-0303
Sel16-0317
Sel16-0357
Sel7-0153
Sel7-0164
Sel7-0165

Se18-078

Se18-080
Se18-0355

Sel19-074
Se19-0260
Se19-0338

Se20-011
Se20-0244
Se20-0353

Se21-089
Se21-0342
Se21-0350
Se22-0110
Se22-0114
Se22-0351

Se23-079
Se23-0161
Se23-0305
Se24-0175
Se24-0339
Se24-0349

1.71(4)
1.71(4)
1.68(4)
1.69(4)
1.73(4)
1.73(4)
1.65(4)
1.66(4)
1.77(4)
1.70(4)
1.66(4)
1.72(4)
1.71(4)
1.64(4)
1.64(4)
1.70(3)
1.67(4)
1.69(4)
1.67(3)
1.71(4)
1.68(4)
1.72(4)
1.64(4)
1.70(4)
1.72(3)
1.76(4)
1.70(4)
1.66(4)
1.70(4)
1.70(4)
1.72(4)
1.72(4)
1.73(4)
1.65(5)
1.69(4)
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Section S4 Additional Figure

(b)

3
.
Figure S1. The photographs of the crystal morphology of 1-Eu and 2-Eu.
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Figure S2. View of the EDS images in 1-Eu (a) and 2-Eu (b).
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Simulation
— Film 1-Ew/FTO

a b ¢
( ) —— Simulation ( ) — Simulation ( )
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Figure S3. PXRD patterns of 1-Eu (a) and 2-Eu (d). Experimental PXRD pattern of 1-Eu (b) and
2-Eu (e) after proton conductivity test. Experimental PXRD pattern of 1-Eu (c) and 2-Eu (f) on
FTO.

The principal peak positions in the XRD patterns of the two compounds correspond
well between the theoretical simulations and the experimental measurements, while the

differences in diffraction peak intensities are attributed to the anisotropic nature of the

crystals.
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Figure S4. The UV spectrum of 1-Eu (a) and 2-Eu (c). Plots of [ahv]"? vs hv (ev) of 1-Eu (b) and

2-Eu (d).
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Figure S5. The IR spectrum of 1-Eu and 2-Eu.
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Figure S6. The thermogravimetric curve of 1-Eu and 2-Eu.

The thermogravimetric measurement of 1-Eu and 2-Eu was carried out from 30 to
800 °C under a N> atmosphere at a heating rate of 10 °C min~!. The thermogravimetric
curve suggests that 1-Eu undergoes a two-step weight loss and 2-Eu undergoes a one-
step weight loss (Figure. S6). For 1-Eu, the first weight loss from 30 to 400 °C 8.24 %
(caled. 8.89 %) is attributed to the liberation of 13 free water molecules, 49 solvent-
water molecules and 2 protonated dimethylamine; the second weight loss from 400 to
530 °C 1.01 % (calcd. 1.06 %) is attributed to the liberation of 8 coordinated water
molecules; upon heating to 530 °C, the tungsten-oxygen cluster cage skeleton is
beginning to collapse. For 2-Eu, the weight loss from 30 to 400 °C 10.29 % (calcd.
9.95 %) is attributed to the liberation of 28 free water molecules, 118 solvent-water
molecules, 4 coordinated water molecules and 1 protonated dimethylamine; upon

heating to 400 °C, the tungsten-oxygen cluster cage skeleton is beginning to collapse.

a
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Figure S7. XPS curves of the W element of 1-Eu (a) and 2-Eu (b).
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3D connection
Figure S8. (a) Structure of 1-Eu; (b) View of 2D layer; (c) View of 3D network structure; (d)The

three-dimensional topology of 1-Eu; (¢) Two dimensional layered structural element; (f) One

dimensional chain like structural element; (g) 3D network structure element.

Figure S9. (a) Sub-upper structure in the {Eui>} unit; (b) Sub-substructure within the {Eui»} unit;

(c) Spatial connectivity patterns of Eu ions in {Eu»}.
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Figure S10. (a) Structure of 2-Eu; (b) View of 2D layer; (¢) View of 3D network structure;
(d)The three-dimensional topology of 2-Eu; (¢) Two dimensional layered structural element; (f)

One dimensional chain like structural element; (g) 3D network structure element.
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Figure. S11. The CIE of 1-Eu (a) and 2-Eu (b).

37 /45



(@ (b) (©
After 24 h exposure to 395 nm UV After 48 h exposure to 395 nm UV After 48 h exposure to 395 nm UV
10° 1-Eu 1084 1-Eu 8x10* - Background
Fitted curve Fitted curve 1-Eu
T=4549 ps =453 s 10 2 =395 nm
. R?=10.999 R®=0.999 = 6x10* ©=1596%
E 10°4 £ 1074 3
] s
E g
S 3 =
s 3 g
1 5 I
B {
10 10'4 =
g
b
580 600 620 640 660 680 700 720
1004 Wavelength/nm
10°
0 -
0 1x10° 2:10° 3x10° 4x10° 0 : ' ! T T T T T :
) 0 1x10° 10" 3x10° 410’ 400 450 500 S50 600 650 700 750
Time (us) Time (us) ‘Wavelength/nm
After 24 h exposure to 395 nm UV © After 48 h exposure to 395 nm UV ® After 48 h exposure to 395 nm UV
10° 2-Eu 10°4 2-Eu 8x10° Background
Fitted curve Fitted curve 2-Ru
T =785.4ps © = 7870 s Be10* Ry =395
. R*=0.999 R2=0.999 = 6x10* | @ =91.36%
= 1074 = 1024 s _eaw I
g g 2
s 3 2z B
o o] 2 ax 10 _ga 10°
10' 10" £ Epar
2x10* o
10" 0
10°4
T r T : 0
0 2x10° 4x10° 6x10° 8x10° ! J r b T T T T T T T
U 2107 a0’ 6x10° 10’ 400 450 500 550 600 650 700 750

Time (us)

Time (ps) ‘Wavelength/nm

Figure S12. Lifetime decay curve of (a) 1-Eu and (d) 2-Eu (Aex = 395 nm) after 24 h exposure to
395 nm UV. Lifetime decay curve of (b) 1-Eu and (¢) 2-Eu (Acx = 395 nm) after 48 h exposure to
395 nm UV. The quantum yield of (c) 1-Eu and (f) 2-Eu (Aex = 395 nm) after 48 h exposure to
395nm UV.

The results show that 1-Eu retains nearly unchanged lifetime and quantum yield after irradiation,
indicating excellent photostability(Figure S12). For 2-Eu, only a slight decrease was observed: the
luminescence lifetime decreased from 818.5 ps to 785.4 ps after 24 h and 787.1 ps after 48 h, while
the quantum yield decreased from 93.36% to 91.36% after 48 h(Figure S12). These results
demonstrate that 2-Eu still possesses good photostability under prolonged UV irradiation. The
minor decrease in the luminescence performance of 2-Eu may be attributed to slight photoinduced
perturbations of the Eu(Ill) local coordination environment or the lattice microenvironment during
continuous irradiation. Such subtle structural rearrangements, possibly involving weakly bound
solvent molecules or hydrogen-bonding interactions, may introduce additional O-H vibrational

oscillators and thus slightly increase the non-radiative decay probability.
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Figure S13. Emission spectra of (a) 1-Eu; (b) 2-Eu (Aex = 395 nm) after 48 h exposure to 395 nm

UV.
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Figure S15. Original graph of quantum yield of 1-Eu (a) and 2-Eu (b) after 48 h exposure to 395
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Figure S16. Nyquist plots at 55-98% RH and 298 K for 1-Eu (a) and 2-Eu (b). Nyquist plots at
25°C -85°C and 98% RH for 1-Eu (c¢) and 2-Eu (d).
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Figure S17. Synchronous two-dimensional correlation infrared spectra of 1-Eu (a) and 2-Eu (d)

under 20-50 °C thermal perturbation. 2D COS-IR spectra of 1-Eu (b) and 2-Eu (e) under 50-90 °C
thermal perturbation. 2D COS-IR spectra of 1-Eu (c¢) and 2-Eu (f) under 90-120 °C thermal
perturbation.
In the two-dimensional infrared spectra under thermal perturbation, the intensities of

the vas(O-H) response peaks for both compounds increase within the temperature
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intervals 0f 20-50 °C and 50-90 °C, respectively. This indicates that from 20 °C to 90 °C,
the hydrogen-bond vibrations are enhanced with rising temperature. In contrast, in the
90-120 °C range, the intensity of the va(O-H) response peaks decreases compared to
that in the 50-90 °C interval. This reduction is attributed to the disruption of hydrogen
bonds due to the loss of water molecules, leading to a corresponding decrease in the

spectral.

(a) (b) B

(d)

$ 116 nm

442 nmI

Glass

Figure S18.The surface SEM image of the (a) FTO/1-Eu/Ag; (b) FTO/2-Eu/Ag memory device.
The cross-sectional SEM images of the (c) and (¢) FTO/1-Eu/Ag; (d) and (f) FTO/2-Eu/Ag

memory device.
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Figure S19. CV curves of 2-Eu.
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Figure S20. Temperature-dependent IR spectra of 2-Eu.
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Figure S21. (a) I-V characteristics of FTO/2-Eu/Ag device at 120°C; (b) The /-V curves of 10

random samples of FTO/2-Eu/Ag device at 120°C; (c) Stabilities of 10 random samples FTO/2-

Eu/Ag device at HRS and LRS states (read at 0.01V) at 120°C; (d) The endurance performance of

device in HRS and LRS at 120°C; (e) The cumulative probability (CP) distributions of the HRS

and LRS values for the device at 120°C; (f) Double logarithmic plot of the typical -V

characteristics in the positive voltage sweeping regions of FTO/2-Eu/Ag at 120°C.
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Figure S22. For FTO/1-Eu/Ag device (thickness: 116.6 nm): (a) I-V characteristic of a single

device; (b) I-V curves of 10 random samples; (c) Stability of HRS and LRS states for 10 random

samples (read at 0.01 V). For FTO/2-Eu/Ag device (thickness: 178.7 nm): (d) /-V characteristic of

a single device; (b) I-V curves of 10 random samples; (c) Stability of HRS and LRS states for 10

random samples (read at 0.01 V).
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To further evaluate the effect of thickness scaling on device performance and its
relevance to miniaturization, thinner devices with active-layer thicknesses of
approximately 100-200 nm were fabricated and tested. At the same measurement
position, one I-V sweep was recorded every 2 min, and 10 consecutive [-V curves were
collected for each device (Figure S20). Both devices preserved their original switching
modes after thickness reduction: FTO/1-Eu/Ag showed WORM switching with an
ON/OFF ratio of 5.51 x 10°> and Vsgr = 1.19 V, while FTO/2-Eu/Ag retained bipolar
resistive switching with an ON/OFF ratio of 1.35 x 10% Vsgr = 1.27 V, and VReser = -
6.60 V. Compared with the thicker devices (500-700 nm), no significant degradation in
the ON/OFF current switching ratio or switching voltage was observed, indicating that

thickness reduction has a limited influence on device performance.
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