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1. Supplementary figures

Figure S1. The coordination environment of Eu®* ion.
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Figure S2. PXRD patterns of Eu-MOF bulk product (red) and Eu-MOF powder after

immersion in water treatment for 1 day (orange) and 7 days (magenta) at 25 °C.
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Figure S3. PXRD patterns of Eu-MOF after activation at 350 °C.
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Figure S4. TGA plots of Eu-MOF under helium atmosphere after removal of coordinated

and solvate water and acetonitrile molecules (black) and after standing in the air at room

temperature for 10 days (red)
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Figure S5. PXRD patterns (a) and FT-IR spectra (b) of Eu-MOF after soaking in aqueous
solutions at different pH for 3 h at 25 °C.
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Figure S6. Solid state excitation spectrum of Eu-MOF.
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Figure S7. PXRD patterns of a series of lanthanide MOFs.
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Figure S8. Solid state excitation (a) and emission (b, Aex 330 nm) spectra of La-MOF.
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Figure S9. CIE-1931 chromaticity diagram for emission of La-MOF (Aex=330 nm), Eu-MOF
(Aex=320 nm) and Th-MOF (Aex=320 nm).
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Figure S10. Emission spectra of aqueous suspension of Eu-MOF (Aex=320 nm) recorded

at 5 minutes intervals. Inset shows the independence of 625 nm peak intensity from time.
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Figure S11. PXRD patterns of Eu-MOF after Fe3* (C = 10* M) treatment for 3 hours.
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Figure S12. The UV-vis spectrum of Fe3* (C = 104 M) and emission spectra of Eu-MOF in

water suspension
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Figure S13. The UV-vis spectrum of Fe3* (C = 10 M) and excitation spectra of Eu-MOF in

water suspension.
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Figure S14. The UV-vis spectrum of the interfering ions (C = 10-* M) and emission spectra

of Eu-MOF in water suspension.
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Figure S15. The UV-vis spectrum of the interfering ions (C = 10 M) and excitation spectra

of Eu-MOF in water suspension.



0.4 — 15
Excitation of Eu-MOF
AZM
—MTZ}
0.3 4 —NIZ
———NFN
) ——orx[ 10 5
2 ——RXM 3
502+ ——SDI | E
S ——— TAP 2
= ——NOR| _ 2
0.1 4 o
0.0

I
300

250

350 400 450

Wavelength (nm)

Figure S16. The UV-vis spectra of antibiotics (C = 10> M) and the excitation spectrum of

Eu-MOF.
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Figure S17. Excitation spectrum (a) and emission spectrum (b) of OFX solution (Corx = 10-°M).
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Figure S18. Carbon dioxide adsorption-desorption isotherms at 195 K.
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Figure S19. a) Prediction of adsorption equilibrium by IAST (solid lines) and dependence
of selectivity factor on gas phase composition (dashed lines) at total pressure of CO2/C2H2
mixture of 1 bar; b) dependence of selectivity factor on total pressure of equimolar binary

CO2/C2H2 mixture.
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Figure S20. Isosteric heats of CO2 and C2H2 adsorption on Eu-MOF.
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Figure S22. Impedance spectra of Eu-MOF at low (squares) and high (triangles) relative
humidity. The values on graphs show the corresponding AC frequencies.

13



2. Supplementary tables

Table S1. Crystal data and structure refinements for Eu-MOF

Compound Eu-MOF
Molecular formula C17H11EuNo0.5010.25
Formula weight, g:mol’ 538.22
Temperature, K 150(2)
Crystal system triclinic
Space group P-1

a, A 9.5701(9)
b, A 10.5245(10)
c, A 10.6495(8)
a,’ 81.949(3)
B, ° 64.876(3)

Y, ° 65.100(3)
Cell volume, A 879.89(14)
Z 2

Pxcalc, g/cm3 2.031

4, mm™’ 3.624
F(000) 523.0

Independent reflections
Goodness-of-fit on F?
Final R indexes [/ = 20(/)]
Final R indexes [all data]

3297 [Rint = 0.1097, Rsigma = 0.1195]
0.983

R1=0.0558, wR2 = 0.1215

R1 = 0.0832, wR2 = 0.1330
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Table S2. Selected bond lengths (A) and angles (°) for Eu-MOF

Eul—O1M
Eul—O0O11
Eul—012!
Eul—O313i
O1M—Eul—Eul
O1M—Eul1—O0213i
O1M—Eul—C9Vv
Ol11—Eul—Eul
O11—Eul—0O1M
0O11—Eul—O012
011—Eul—O013i
011—Eul—O016ii
0O11—Eul—O17Vv
O11—Eul—018Y
0O11—Eul—O019vi
0O11—Eul—Cov
0O12—Eul—Eul
0O12—Eul—0O1M
0O12—Eul1—013i
012—Eul—O016ii
012—Eul1—017Vv
018'—Eu1—017V
018'—Eul1—C9Vv
019V—Eul—Eul
019V—Eu1—01M
O19V—Eu1—O013i
019V—Eul1—O16i
019Vi—Eu1—O017V
019V—Eu1—018Y
0O19V—Eu1—CoV

2.548 (6)
2.315 (6)
2.360 (7)
2.575 (7)
109.15 (16)
127.3 (2)
135.9 (2)
61.56 (17)
69.6 (2)
125.1 (2)
137.7 (2)
75.7 (2)
72.6 (2)
83.5 (2)
141.4 (2)
67.0 (2)
64.20 (17)
139.3 (2)
70.7 (2)
73.6 (2)
86.2 (2)
76.4 (2)
95.4 (2)
132.73 (16)
71.8 (2)
70.8 (2)
92.7 (2)
140.1 (2)
86.5 (2)
151.4 (2)

Eul—O16"
Eul—O17V
Eul—O18Y
Eul—O19V
O12—Eul—018V
012 —Eul—019vi
O12—Eul—C9V
0O13i—Eul—Eul!
0O13i—Eul1—C9Vv
016" —Eul—Eul
016l —Eul—O1M
016l —Eu1—O0213i
016 —Eu1—017V
016 —Eul—018V
017V—Eul—Eul!
017V—Eul—O1M
017V—Eul1—O013i
017V—Eul1—C9V
018'—Eul—Eul'
018"—Eul—O1M
018'—Eul1—013i
CO9V—FEul—Eul
Cl1—011—Eul
C1—O12—Eul’
C8—013—EulYi
C5—015—C15
C9—016—Eulii
C9—O017—Eulvi
C10—018—Eu1v
C10—019—FEu1¥

2.366 (7)
2.434 (6)
2.373 (6)
2.360 (7)
140.3 (2)
84.5 (2)
75.8 (2)
123.51 (17)
83.1(2)
46.39 (17)
75.0 (2)
141.7 (2)
121.4 (2)
145.6 (2)
75.17 (17)
132.8 (2)
69.6 (2)
20.5 (2)
140.08 (17)
72.1(2)
69.8 (2)
54.81 (19)
147.1 (7)
137.2 (6)
134.9 (7)
113.5 (8)
175.8 (7)
116.6 (6)
142.9 (6)
143.8 (6)

Symmetry codes: (i) —x+1, -y, =z; (i) x+1, y, z-1; (iii) —x+1, =y, —z+1; (iv) X, y, z-1; (v) —x+1, —y+1, -z+1,
(vi) x+1, y-1, z—-1; (vii) x-1, y, z+1; (viii) X, ¥, z+1; (ixX) x-1, y+1, z+1.
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Table S3. ICP-AES analysis results of trimetallic MOFs

Compound Eu content, mol. %  Tb content, mol. %  La content, mol. %
Euo.23Tbo.19L.ao.sse-MOF 23.0 19.5 57.5
Euo.16Tbo.23La0.61-MOF 16.0 22.7 61.3
Euo0.03Tbo.osLao.9a-MOF 3.3 2.7 94.0

Table S4. CIE color coordinates, absolute quantum yields and luminescence lifetimes for

Tb-MOF, La-MOF and trimetallic EuxTbyLa1xy MOFs

compounds CIE coordinates P (%) T (Mms) A (M) Aem

(nm)

Th-MOF (0.33,0.59) 44 1.16 320 545
La-MOF (0.18, 0.15) 330 360
Euo.23Tho.19L.a0s8-MOF (0.56, 0.41) 325 545
Euo.16Tho.2sLao.61-MOF (0.49, 0.45) 325 545
Euo.03Tho.osLao.es-MOF (0.45,0.47) 320 546
Euo.03Tho.osLao.ea-MOF (0.39, 0.43) 340 543
Euo.03Tho.osLao.oa-MOF (0.36, 0.40) 360 544
Euo.03Tho.osLao.9a-MOF (0.35,0.38) 364 545
Euo.03Tho.osLao.ea-MOF (0.34,0.37) 368 543
Euo.03Tho.osLao.ea-MOF (0.33,0.36) 372 543
Euo.03Tho.osLao.ea-MOF (0.31,0.32) 5 380 543

Table S5. The parameters of porous structure of Eu-MOF.

Specific surface area, m?-g™" Vpore, cm3-g~" Vads(N2)?,
Langmuir BET DFT Total? DFT cm¥(STP)-g™"
— 142.7 84.5 0.098 0.093 62.5

4@ measured at P/Po = 0.95.

Table S6. Selectivity factors for separation of equimolar binary CO2/C2H2 mixture.

Calculation method 273 K 298 K
Amount adsorbed ratio 1.3 1.1
Henry constants ratio 1.5 1.3
IAST 1.3 1.1
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Table S7. Comparison of CO2 and C2Hz uptakes and adsorption selectivity factors for the
representative CO2/C2H2 selective MOFs at 1 bar.

Material * 7k CO:uptake, C:H:uptake,  Selectivity Ref.
mL(STP)-g" mL(STP)-g™"  |AsT Vil Vs
[Cu(PFs)z(bpetha)y 195 135 78 n/a 1.73 1
[Zna(bdc).(dabco)]oDSB 195 140 73 n/a 192 2
KoCrQ(OLH)s(4-Etpy)sl: - 7 12 25 n/a 48  °
[0-SiW12040]
[Co(HL)] 195 239.5 140 1.7 1.7 4
[Mn(bdc)(dpe)] 273 157°/471 22:/67  13°/88 7.0 5
SIFSIX-3-Ni 208 56.0°/60.5 47.1°/740 143°/77°9 082  °©
NbOFFIVE-1-Ni 298  3/49.3 132/53.8 n/a 0.9 7
CD-MOF-1 298 12.3°/643 3.4°/50.0 6.6 ¢ 1.3 .
CD-MOF-2 298 24.6°/59.4 0.7°/455 16.0 ¢ 1.3
[Tmég::’g));(“y 298 4.3°/130.7 0.2°/47.1 17549 2.8 .
[Tm2(OH-bdc)x(hs-OH)2] 298 1.1°/139.2 0.7°/117.7  1.65¢ 1.2
Cd[Fe(CN)s(NO)] 298 58 9.7 85 6.0 10
MUF-16(Co) 293 48 4.0 510 12
MUF-16(Mn) 293 50.5 9.7 31 5.2 1
MUF-16(Ni) 293 48 7.5 46 6.4
Se(Ho20)(620) 273 48.9 14.9 2.1 328
298 11.9 7.3 1.1 1.63
[Zn(atz)(bdc-Cla)os] 285 21 10.9 2.4 1.9 13
Eu-MOF 273 32.7 25.6 1.3 1.3  This
298 23.3 20.7 1.1 14 work

2 bpetha = 1,2-bis(4-pyridyl)ethane; bdc?™ = 1,4-benzenedicarboxylate; dabco = 1,4-diazabicyclo[2.2.2]octane;
= 1,2-di(4-pyridyl)ethylene; OH-bdc?> = 2,5-
dihydroxyterephthalate; Hzpzc = 2,5-pyrazinedicarboxylic acid; Hatz = 3-amino-1,2,4-triazole; bdc-Cls?™ =

DSB = distyrylbenzene; 4-Etpy

tetrachloroterephthalate;
bat 0.1 bar;

4-ethylpyridine; dpe

¢ IAST selectivity at total pressure 0.15 bar for 1:1 gas mixture;
4 |JAST selectivity at total pressure 1 bar for C2H2/CO2 = 1:2 gas mixture;

¢at 0.2 bar.
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3. Details of gas adsorption experiments

3.1. Heats of Adsorption

Gas adsorption isotherms at 273 K and 298 K were fitted by virial equation (S1) in order
to calculate Henry constants and isosteric heats of adsorption.

1 ; .
lnp=lnn+TZAi-nl+ZBj-n1
i J

Virial coefficients are summarized in Table S6, whereas the fit plots are shown in Figure
S22.

Table S8. Virial coefficients Ai and B; for gas adsorption isotherms at 273 K and 298 K on
Eu-MOF.

(S1)

Gas Coefficients

CO2 Ao =-3777.22 +92.18 (2.44%)
A1=1675.64 £ 110.5 (6.592%)

Bo=12.4333 + 0.3213 (2.584%)

B1=-5.44992 + 0.3923 (7.198%)

C2H2 Ao = -3284.84 + 181 (5.51%)
A1=2451.89 + 262.2 (10.69%)
Bo =11.0279 + 0.6319 (5.73%)
B1=-8.18871 + 0.9274 (11.33%)

yxI-LAEu, CO2,273K = -4
5 Virial fit yxI-L4Eu, C2H2,273 K =
yxI-L4Eu, CO2, 298K A 5 N Virial fit
. Virial fit —— yxI-L4Eu, C2H2, 298 K 4
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 -6 Virial fit
Amount adsorbed, mmol/g 0 0.2 0.4 0.6 0.8 1 1.2

Amount adsorbed, mmol/g

a b
Figure S22. Fits of isotherms by virial equations for CO2 (a) and C2H:2 (b).
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The isosteric heats of adsorption were calculated using virial coefficients by equation
(S2):

AH°=R-ZAi i (S2)
i

The corresponding graphs are shown in Figure S23.
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Figure S23. Isosteric heats of CO2 and C2H2 adsorption on Eu-MOF.
3.2. Adsorption selectivity

The selectivity factors for separation of binary gas mixture C2H2/CO2 were evaluated by
three different methods: i) as ratio of amount adsorbed; ii) as ratio of corresponding Henry
constants; and iii) by Ideal Adsorbed Solution Theory (IAST) calculations which possess to
estimate selectivity factors at different gas mixture compositions and total pressures. The
relationship between P, yiand x; (P — the total pressure of the gas phase, yi— mole fraction
of the i-component in gas phase, xi — mole fraction of the i-component in absorbed state)
is defined according to the IAST theory:

_Py; _Py;
J,p— 1 ( ) l -[- = X3 ( ) l
n, \p d np = n, (p d np,
1 p=0 2 (83)

p=0
where ni(p) — amount adsorbed at pressure p.
In this case the selectivity factors were determined as:
g = YVaX2 _ x1(1—y1)
yix1 y1(1—x)
For IAST calculations adsorption isotherms were fitted by common Langmuir equation.

(S4)

Fittings were performed for isotherms in mL/g—torr units, so parameters are in the
corresponding units. Fitted parameters are summarized in Table S7. The fitted isotherms

are shown in Figure S24.
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Table S9. Fitted parameters for adsorption isotherms on Eu-MOF at 273 K and 298 K

Gas 273 K 298 K
ol w=504+09 w=116+5
2ne b = 0.00134 + 0.00004 b = 0.000289 + 0.000016
co w=527+0.7 w=97.2+15
2 b =0.00210 + 0.00005 b =0.000418 £ 0.000008
CO,, 273K = CO,, 298K 4
Langmuir fit Langmuir fit
C,H, 273K @ C,H, 298K
Langmuir fit Langmuir fit
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Figure S24. Fits of isotherms by Langmuir equation.
Henry constants (Table S10) were calculated using virial coefficients by equation (S5):

—A
Ky = exp| =2 = By| (S5)

Table S10. Henry constants for gas adsorption on Eu-MOF in mmol-g~"-bar™! at 273 K and
298 K.

Gas\Temperature 273 K 298 K
C2H2 2.730 0.995
CO2 4.066 1.274
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