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1 Equations

1.1 Equations for the synthesis of 1
Eu+2 NH402CCnF2n+1 — Eu(OZCCnF2n+1)2 + Hz +2 NH3
HEquation S1 Idealized reaction between europium metal and ammonium perfluorocarboxylates.

EU[OZCCF3)2 + 2 C3H7NO - [Eu(OZCF3)2[C3H7NO)2]OO (1)

HEquation S2 Formation of 1.

1.2  Equations for the synthesis of 2 and 3

6 EU(OZCR)Z +12 RCOzH +8 NH4sF - [NH4)2[EU6F8(02CR)12[RC02H)6] +6 NH402CCF3 +3 H,

BEquation S3 1% assumption for the formation of 2 (R = CF3) and 3 (R = CzFs).
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6 Eu(02CR), + 1% 02 + 12 RCO2H + 8 NH4F — (NH4)2[EueFs(02CR)12(RCO2H)6] + 6 NH40,CCF3 + 3 H20

B Equation S4 2" assumption for the formation of 2 (R = CF3) and 3 (R = CxFs).

2 Selected structural parameters

2.1 [EU(02CCF3)2(dmf)2]x (1)

KTable S1 Selected structural parameters for 1 (A, °).

Parameters di Si

Bond lengths

Eul—04 2.542(6) 0.30

Eul—02' 2.546(6) 0.30

Eul—O01 2.562(6) 0.29

Eul—O3f 2.565(7) 0.29

Eul—O06' 2.598(6) 0.26

Eul—O06 2.614(6) 0.25

Eul—O5 2.621(6) 0.25

Eul—O05 2.623(6) 0.24

Eul—019 2.383(17) 0.43
S 1.92

Eul--Eul 4.0839(13)

Eul--Eull 4.1049(13)

Bond angles

01—C1—02 130.8(10)

03—C3—04 131.7(10)

Eul—O5—Euli  103.0(2)

Eul—06—Eul’  103.2(2)

S$=3%si=2exp[(do—d) + B];M do(Eu"—0) = 2.102 A, B=0.37.12
Symmetry codes: (i) 1—x, 1-y, 1-z; (ii) —x, 1-y, 1-z.
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(NH4)2[EugF3(O,CCF3)12(CFsCOOH)¢] (2)

OTable S2 Selected structural parameters for 2 (A).

Bond lengths di Si Bond lengths di Si
Eul—F1 2.400(13) 0.31 Eud—F2 2.426(13) 0.28
Eul—F2 2.382(13) 0.37 Eu4—F3 2.417(15) 0.29
Eul—F3 2.382(13) 0.32 Eu4—F6 2.403(12) 0.30
Eul—F4 2.406(13) 0.30 Eu4—F7 2.390(12) 0.31
Eul—O01 2.751(19) 0.16 Eu4d—O07 2.566(17) 0.27
Eul—O013 2.355(17) 0.46 Eu4—O018 2.367(17) 0.46
Eul—O015 2.42(2) 0.30 Eu4d—024 2.488(16) 0.33
Eul—017 2.497(17) 0.32 Eu4—025 2.385(18) 0.43
Eul—O019 2.383(17) 0.43 Eu4—033 2.384(17) 0.43
S 3.07 S 3.11
Eu2—F1 2.378(13) 0.32 Eu5—F3 2.361(14) 0.34
Eu2—F4 2.377(12) 0.33 EuS—F4 2.368(13) 0.33
Eu2—F5 2.402(12) 0.30 EuS5—F7 2.364(12) 0.34
Eu2—F8 2.391(11) 0.31 Eu5—F8 2.413(14) 0.30
Eu2—03 2.528(17) 0.29 Eu5—09 2.720(18) 0.18
Eu2—014 2.388(17) 0.43 Eu5—020 2.454(17) 0.36
Eu2—021 2.368(19) 0.46 Eu5—026 2.380(17) 0.44
Eu2—028 2.469(17) 0.34 Eu5—027 2.359(18) 0.46
Eu2—029 2.373(15) 0.44 Eu5—035 2.412(17) 0.40
S 3.23 S 311
Eu3—F1 2.377(14) 0.33 Eu6—F5 2.390(12) 0.31
Eu3—F2 2.390(13) 0.32 Eu6—F6 2.404(13) 0.30
Eu3—F5 2.380(12) 0.32 Eu6—F7 2.399(13) 0.31
Eu3—F6 2.346(12) 0.35 Eu6—F8 2.363(12) 0.34
Eu3—05 2.688(19) 0.19 Eu6—011 2.766(19) 0.15
Eu3—016 2.406(17) 0.41 Eu6—030 2.502(17) 0.32
Eu3—022 2.357(18) 0.47 Eu6—032 2.373(17) 0.45
Eu3—023 2.351(18) 0.47 Eu6—034 2.337(18) 0.49
Eu3—031 2.439(17) 0.37 Eu6—036 2.431(17) 0.38
S 3.22 S 3.04
S=2si=2exp[(do—di) + B];M do(Eu"—F) = 1.961 A, B = 0.37;13 do(Eu""—0) = 2.074 A, B=0.37.11
Eu—O bonds located at the octahedral vertices are set in bold in the table.
HTable S3 Hydrogen-bond geometry in 2 (A, °).
D—H---A D—H H---A D---A D—H--A
N1—H1--01 0.91 2.51 2.82(3) 100.5
N1—H3:-013 0.91 2.17 2.85(3) 131.1
N1—H4---09' 0.91 2.11 2.91(3) 146.1
N2—H8--011 0.91 2.11 2.85(3) 137.3
N2—H5---05' 0.91 2.06 2.89(3) 150.6
N2—H7--034 0.91 2.22 2.95(3) 136.6
N2—H6--022' 0.91 2.34 3.00(3) 128.9
02—H9---017 0.83 1.83 2.64(2) 163.6
012—H14--030 0.83 1.84 2.65(3) 164.0
06—H11--031 0.83 1.85 2.66(3) 163.6
04—H10--028 0.83 1.90 2.68(3) 155.9
010—H13--:020 0.83 1.90 2.68(3) 155.3
08—H12--024 0.83 1.92 2.70(3) 156.4

Symmetry codes: (i) x+1, y, z; (ii) x-1, y, z.
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2.3 (NHa)2[EueFs(0>CC,Fs)12(C2FsCOOH)s]-8C,FsCOOH (3)

OTable S4 Selected structural parameters for 3 (A).

Bond lengths di Si Bond lengths di Si
Eul—F1 2.349(3) 0.35 Eud—F5 2.353(3) 0.35
Eul—F2 2.417(3) 0.29 Eud—F6 2.390(3) 0.31
Eul—F5 2.370(3) 0.33 Eud—F7 2.372(3) 0.33
Eul—F6 2.369(3) 0.33 Eud—F8 2.381(3) 0.32
Eul—01 2.655(4) 0.21 Eud—O07 2.657(4) 0.21
Eul—013 2.370(4) 0.45 Eu4—O018 2.387(4) 0.43
Eul—O015 2.462(4) 0.35 Eu4d—026 2.367(4) 0.45
Eul—017 2.358(4) 0.46 Eu4d—027 2.363(4) 0.46
Eul—019 2.388(4) 0.43 Eu4d—036 2.446(4) 0.37
S 3.20 S 3.22
Eu2—F1 2.391(3) 0.31 EuS—F2 2.344(3) 0.36
Eu2—F2 2.378(3) 0.32 EuS—F3 2.373(3) 0.33
Eu2—F3 2.375(3) 0.33 EuS—F5 2.381(3) 0.32
Eu2—F4 2.376(3) 0.33 EuS—F8 2.358(3) 0.34
Eu2—03 2.701(4) 0.18 Eu5—09 2.644(4) 0.21
Eu2—014 2.446(4) 0.37 Eu5—020 2.370(4) 0.45
Eu2—022 2.378(4) 0.44 Eu5—021 2.453(4) 0.36
Eu2—023 2.365(4) 0.46 Eu5—028 2.380(4) 0.44
Eu2—032 2.389(4) 0.43 Eu5—034 2.383(4) 0.43
S 3.16 S 3.24
Eu3—F1 2.364(3) 0.34 Eu6—F3 2.370(3) 0.33
Eu3—F4 2.365(3) 0.34 Eu6—F4 2.377(3) 0.32
Eu3—F6 2.385(3) 0.32 Eu6—F7 2.402(3) 0.30
Eu3—F7 2.344(3) 0.36 Eu6—F8 2.358(3) 0.34
Eu3—05 2.650(4) 0.21 Eu6—011 2.672(4) 0.20
Eu3—016 2.375(4) 0.44 Eu6—029 2.362(4) 0.46
Eu3—024 2.388(4) 0.43 Eu6—031 2.359(4) 0.46
Eu3—025 2.494(4) 0.32 Eu6—033 2.424(4) 0.39
Eu3—030 2.374(4) 0.44 Eu6—035 2.411(4) 0.40
S 3.19 S 3.21

S=3si=5exp[(do—di) + B];M do(Eu"—F) = 1.961 A, B =0.37;13 do(Eu"—0) = 2.074 A, B=0.37.11
Eu—O bonds located at the octahedral vertices are set in bold in the table.
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OTable S5 Hydrogen-bond geometry in 3 (A, °).

N1—H2---047 0.91 2.15 2.909(8) 139.8
N1—H2---045 0.91 2.29 2.921(8) 126.2
N1—H3---024 0.91 2.11 2.933(6) 149.6
N1—H4---037 0.91 2.10 2.989(7) 165.9
N1—H1--030 0.91 2.56 3.034(6) 113.3
N1—H3:--05 0.91 2.43 3.081(7) 128.2
N2—H8:--028 0.91 2.25 2.590(7) 132.9
N2—H6---049 0.91 2.41 2.874(8) 111.7
N2—H5---051 0.91 2.04 2.917(8) 162.0
N2—H7--043 0.91 2.18 3.034(7) 155.1
N2—H8---09 0.91 2.19 3.034(7) 153.1
Acid molecules, int.

04—H10--014 0.84 1.91 2.669(6) 149.9
06—H11:--:025 0.84 1.87 2.680(6) 160.8
010—H13-:021 0.84 1.92 2.723(6) 160.1
02—H9---015 0.84 1.92 2.725(6) 158.9
08—H12--036 0.84 1.92 2.727(6) 160.7
012—H14--033 0.84 2.28 2.863(7) 127.2
012—H14--035 0.84 2.25 2.904(7) 134.5
Acid molecules, ext.

044—H18--041 0.84 1.77 2.577(8) 159.6
038—H15-:039 0.84 1.78 2.613(11) 171.5
042—H17---043 0.84 1.86 2.701(7) 179.7
040—H16---037 0.84 1.94 2.752(9) 163.4
048—H20--03 0.84 2.20 2.902(6) 140.4
050—H21--01 0.84 2.35 2.962(6) 130.3
052—H22--07 0.84 2.24 2.970(6) 145.7
046—H19--011 0.84 2.27 3.003(6) 146.2
050—H21--019 0.84 2.24 3.038(6) 157.9
052—H22---018 0.84 2.40 3.081(7) 136.0
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Instrument : NETZSCH TG 209F3 T GA209F3A-0266-L File : C'NETZSCH\Proteus\data5'2022\ServicelMorsbach\1 ngb-st6
Project: Sample: 1 Sample car./TC : TG 20073 standardiP Atmosphere : N2/ —1N2
Icentity : Morsbach Material : Sample mass : 92415mg Corrim. range : 700/2000 mg
Dateftime:  16.01.2022 12:22:58 correctionfile: Mode/ty pe of meas. : TG/Sample Pre Mment Cycles: Oxvac
Laboratory : Temp. calib. file: Temp_Cal_20-04-21_5K_N2ngh-tt5 Segments: e
Operator:  Dennis Range: 25°C/5.0(K/miny600°C Crucible ; Al
Created with NETZSCH Profeus softw are
HFig. S1 TGA curve of 1, [Eu(02CCF3)2(dmf)2] .
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HFig. S2 DSC curve of 1, [Eu(02CCF3)2(dmf)2]., with overlayed TGA curve.
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Thermal analysis (continued)
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File : C'NETZSCH\Proteus\data5'2022\ServicelMorsbach\2 ngb-st6

Project: Sample: 2 Sample car./TC : TG 20073 standardiP Atmosphere : N2/ —1N2
Identity :  Morsbach Material : Sample mass : 14 8007 mg corrim. range : 700/2000 mg
Dateftime:  18.01.2022 09:51:20 correctionfile: Mode/ty pe of meas. : TG/Sample Pre Mment Cycles: Oxvac
Laboratory : Temp. calib. file: Temp_Cal_20-04-21_5K_N2ngh-tt5 Segments: e
Operator:  Dennis Range: 25°C/5.0(K/miny600°C Crucible ; Al

Created with NETZSCH Proteus softw a
OFig. S3 TGA curve of 2, (NHa4)2[EusFg(O2CCF3)12(CF3COOH)s].
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HFig. S4 DSC curve of 2, (NHa)2[EusFs(02CCF3)12(CF3COOH)s], with overlayed TGA curve.
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Thermal analysis (continued)
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File: C'NETZSCH\Proteus

‘datas'2022\ServiceMorsbach\3 ngb-st6

Project: Sample: Sample car./TC : TG 20073 standardiP Atmosphere : N2/ —1N2
Identity :  Morsbach Material : Sample mass : 136370 mg corrim. range : 800/2000 Mg
Dateftime:  18.01.2022 15:10:52 correctionfile: Mode/ty pe of meas. : TG/Sample Pre Mment Cycles: Oxvac
Laboratory : Temp. calib. file: Temp_Cal_20-04-21_5K_N2ngh-tt5 Segments: e
Operator:  Dennis Range: 25°C/5.0(K/miny500°C Crucible ; Al
Created with NETZSCH Profeus softw are
OFig. S5 TGA curve of 3 — 8 C2FsCOOH, (NHa)2[EusFs(O2CCF3)12(CF3COOH)s).
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HFig. S6 DSC curve of 3 — 8 C2FsCOOH, (NHa)2[EusFs(02CCaFs)12(C2FsCOOH)s], with overlayed TGA curve.
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Thermal analysis (continued)
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HFig. S7 DSC curve of the Eu(02CCF3)z-containing substance (precursor for 1 and 2).
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HOFig. S8 DSC curve of the Eu(02CCaFs)2-containing substance (precursor for 3).
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4 Spectroscopy

4.1 IR and Raman spectra
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BFig. S9 IR and Raman spectra of the Eu(02CCF3)2-containing substance (precursor for 1 and 2).
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HFig. S10 IR and Raman spectra of 1, [Eu(O2CCF3)2(dmf)2]e.
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IR and Raman spectra (continued)
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OFig. S11 IR and Raman spectra of 2, (NHa4)2[EusFg(02CCF3)12(CF3COOH)s].
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HFig. S12 IR and Raman spectra of the Eu(02CCzFs)2-containing substance (precursor for 3).
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IR and Raman spectra (continued)
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OFig. S13 IR and Raman spectra of 3, (NHa4)2[EusFs(02CCaFs)12(C2FsCOOH)s]-8C2FsCOOH.

4000 3500 3000 2500 2000 1500 1000 500 0
100
90 - —
~
S s
e z
x=] £
8 5
& £
e £
: g
= €
(]
80 4 £,
70 —r oo oo r O rrrrororrrrrrrrrrrr
4000 3500 3000 2500 2000 1500 1000 500 0

Frequency (cm)

HFig. S14 IR and Raman spectra of ammonium fluoride, NH4F.
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IR and Raman spectra (continued)
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HFig. S15 IR and Raman spectra of ammonium trifluoroacetate, NH4O,CCFs.
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HFig. S16 IR and Raman spectra of ammonium pentafluoropropionate, NH402CCzFs.
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4.2 FNMR spectra

ammenium fluoride (in D20)
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OFig. S17 °F NMR spectra of 1 and 2 (in D20) and of 3 (in acetonitrile-ds). The chemical shift of free fluoride ions
depends on the solvent and is about =123 ppm in deuterium oxide and about =77 ppm in acetonitrile.*!
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5 Packing diagrams and crystal morphology

HFig. S19 Packing diagram of 1. Direction of view along the crystallographic b-axis [010].
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Packing diagrams (continued)

ot

OZIT O mm

BFig. S20 Packing diagram of 2. Note the connection of the complex ions along the crystallographic ag-axis [100].

HFig. S21 Crystals of 2 (that are also representative for 3) under a microscope in polarized light.
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