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Table S1. Results of SEM–EDXMA analysis of metal ions in 1∙MeCN and 1∙MeCN@Lu. 

metal Fe Yb Lu 
compound 1∙MeCN 

measured atomic 
composition (only metals 

included, independent 
measurements)* / % 

17.89(0.36) 8.26(0.50) - 
17.11(0.37) 10.12(0.33) - 
16.58(0.58) 9.01(0.56) - 
17.77(0.55) 9.23(0.53) - 
17.22(0.43) 8.14(0.52) - 
14.71(0.53) 9.90(0.53) - 
18.17(0.58) 8.97(0.53) - 
16.86(0.57) 9.12(0.54) - 

average atomic composition 
(only metal included) / % 

17.04(0.50) 9.09(0.51) - 

relative atomic composition 
(only metals included, 

calculated for two Fe centers) 
2 1.07(0.1) ≈ 1 - 

proposed composition 2 1 - 

determined formula  
{YbIII(4-pyridone)4[FeII(phen)2(CN)2]2} 

(CF3SO3)3∙2MeCN 
metal Fe Yb Lu 

compound 1∙MeCN@Lu 

measured atomic 
composition (only metals 

included, independent 
measurements)* / % 

12.76(0.48) 0.57(0.21) 6.69(0.31) 
12.48(0.32) 0.55(0.27) 8.54(0.67) 
17.08(0.37) 0.58(0.28) 8.07(0.69) 
16.92(0.55) 0.68(0.27) 8.05(0.66) 
17.67(0.63) 0.67(0.30) 8.73(0.74) 
11.57(0.32) 0.37(0.27) 9.31(0.69) 
16.49(0.57) 0.90(0.24) 8.05(0.35) 
14.89(0.38) 0.62(0.31) 8.86(0.76) 

average atomic composition 
(only metal included) / % 

14.98(0.45) 0.62(0.27) 8.29(0.76) 

relative atomic composition 
(only metals included, 

calculated for two Fe centers) 
2 

0.08(0.04) 1.11(0.08) 

1.19(0.6) ≈ 1 

lanthanides ratio - 0.07(0.04) 
[0.08/1.19] 

0.93(0.08) 
[1.11/1.19] 

proposed composition 2 0.07 0.93 
determined formula  {YbIII0.07LuIII0.93(4-pyridone)4 [FeII(phen)2(CN)2]2}(CF3SO3)3∙2MeCN 

*For each compound, EDXMA (energy dispersive X-ray microanalysis) analyses were conducted on a few different 
single crystals and on a few places of the selected single crystal. 
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Figure S1. Infrared absorption spectra of the crystalline samples of 1∙MeCN, 1∙MeCN@Lu, 1∙PrCN, 1∙AcrCN, and 
1∙MalCN presented in the broad 4000–700 cm–1 (a) and the limited 2400–1900 cm–1 ranges (b). The spectra were compared 
with [FeII(phen)2(CN)2]∙2H2O precursor complex. 

Comment to Figure S1: 
The broad absorption above 2500 cm–1 is related to the stretching vibrations, ν(C–H) 

and ν(N–H), of nitrile solvent molecules, 4-pyridone, and phen organic ligands. The 
1750–700 cm–1 range, consisting of a large number of absorption peaks, is related to the 
skeletal vibrations, ν(C–H), ν(C–C) and ν(C–N), of organic ligands, as well as stretching 
modes, ν(S–O), ν(S–C) and ν(C–F), of trifluoro-methanesulfonate anions [S1,S2]. In the 
2400–1900 cm–1 range, the characteristic peaks related to the stretching vibrations of C≡N 
groups are observed. The higher energy bands above 2150 cm–1 can be assigned to the 
nitrile group of solvents molecules, while a set of lower energy peaks below 2150 cm–1 is 
related to cyanido ligands. Comparing to the [FeII(phen)2(CN)2]∙2H2O precursor, the cy-
anido ligand stretching vibrations in 1∙MeCN, 1∙MeCN@Lu, 1∙PrCN, 1∙AcrCN, and 
1∙MalCN appear within a slightly broader range covered by a few overlapping peaks. 
This range can be divided into the part related to the terminal cyanido ligands, repre-
sented by IR peaks of the 2080–2010 cm–1 range, and the higher energy part ascribable to 
the bridging -C≡N- groups, which is observed in 2140–2080 cm–1 region in the presented 
compounds while being absent in iron(II)–cyanide precursor [S3]. This interpretation 
stays in good agreement with the structural data showing that [FeII(phen)2(CN)2] com-
plexes serve as metalloligands to YbIII metal centers (Figure 1). 
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Figure S2. Thermogravimetric (TG) curves collected in the temperature range 20–400oC for the crystalline samples of 
1∙MeCN (a), 1∙PrCN (b), 1∙AcrCN (c), and 1∙MalCN (d). The steps related to the loss of solvent molecules are depicted. 
The critical temperature of 200 oC, below which the presumable decomposition of the samples occurs, was emphasized by 
red dotted line. 

Comment to Figure S2: 
In all samples, 1∙MeCN, 1∙PrCN, 1∙AcrCN, and 1∙MalCN, the immediately mass 

decrease occurs after starting up to 150 oC. The initial mass decreases of 4.0%, 5.7%, and 
5.6% in 1∙MeCN, 1∙PrCN and 1∙AcrCN, respectively, are related to the removal of two 
MeCN/PrCN/AcrCN crystallization solvent molecules per {YbFe2} formula units. More 
complex behavior is observed in 1∙MalCN, where two subsequent steps, the first related 
to the removal of one MeOH and the second related to the removal of two MalCN mol-
ecules, are observed, giving the total decrease of 8.1% of the sample mass. The related 
experimental weight losses of all these steps are in line with the expected mass change 
deduced from the CHN elemental analysis (see the experimental section). After the initial 
decrease of the sample mass, further heating leads to the gradual considerable mass 
change which occurs significantly above 200oC, with the quite similar course in all sam-
ples. These changes  presumably lead to the decomposition of the compounds. The 
complicated course of the TG curves, due to many indistinguishable changes, makes it 
difficult to interpret the results unambiguously. However, comparing with the literature 
data, it can be assumed that the high-temperature mass decreases are related to a series of 
successive changes within the anions, e.g. the formation of CF3SO2-, CF3CO3- and/or 
(CF3CO2)O, their decomposition (e.g. to CO2, CO, CHF3, F2, SO2), and the removal of cy-
anido and organic ligands [S4,S5]. 
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Table S2. Crystal data and structure refinement parameters for 1∙MeCN, 1∙PrCN, 1∙AcrCN, and 1∙MalCN. 

 1∙MeCN 1∙AcrCN 1∙PrCN 1∙MalCN 

formula C79H58F9Fe2 N18O13S3Yb C81H58F9Fe2 N18O13S3Yb C81H62F9Fe2 N18O13S3Yb 
C164H120F18Fe4 

N40O28S6Yb2 
formula weight  

/ g∙mol–1 2019.35 2043.37 2047.4 4202.83 

crystal description red needle red plate 
T / K 100(2) 
λ / Å 0.71073 (Mo Kα) 

crystal system monoclinic 
space group C 2/c 

a / Å 24.0591(18) 24.3976(12) 24.413(3) 23.7146(9) 
b / Å 21.8075(16) 21.9482(11) 21.988(2) 21.4669(9) 
c / Å 17.4040(13) 17.3099(8) 17.264(2) 18.1322(7) 
α / deg 90 90 90 90 
β / deg 112.174(2) 111.8610(10) 112.169(3) 108.7190(10) 
γ / deg 90 90 90 90 
V / Å3 8456.0(11) 8602.6(7) 8582.2(17) 8742.5(6) 

Z 4 4 4 2 
calculated density / 

g∙cm–1 
1.586 1.578 1.585 1.597 

absorption coefficinet / 
cm–1 

1.602 1.575 1.579 1.554 

F(000) 4052 4100 4116 4220 
crystal size / 

mm⨯mm⨯mm 0.14⨯0.12⨯0.05 0.14⨯0.1⨯0.07 0.2⨯0.08⨯0.07 0.42⨯0.12⨯0.11 

Θ range / o 2.499–25.027 2.247–25.027 2.248–25.027 2.238–25.027 

limiting indices 
-28 < h < 28 
-25 < k < 25 
-20 < l < 20 

-29 < h < 29 
-26 < k < 26 
-20 < l < 20 

-29 < h < 29 
-26 < k < 26 
-20 < l < 20 

-28 < h < 28 
-25 < k < 25 
-21 < l < 21 

collected reflections 38975 43384 47555 46012 
Rint 0.058 0.0761 0.0442 0.0866 

completeness 0.999 0.999 0.999 0.999 
data/restraints/ param-

eters 
7469/193/601 7600/138/613 7579/182/610 7708/235/657 

GOF on F2 1.038 1.055 1.099 1.098 

final R indices R1 = 0.11 [I>2σ(I)] 
wR2 = 0.336 (all) 

R1 = 0.099 [I>2σ(I)] 
wR2 = 0.296 (all) 

R1 = 0.104 [I>2σ(I)] 
wR2 = 0.289 (all) 

R1 = 0.098 [I>2σ(I)] 
wR2 = 0.256 (all) 

largest diffraction peak 
and hole / e∙Å–3 

2.294 and -1.808 3.07 and -1.973 3.75 and -1.907 2.056 and -1.968 

 
 
 
 
 
 
 



Magnetochemistry 2021, 7, 79 7 of 41 
 

Table S3. Detailed structure parameters of YbIII and FeII complexes in 1∙MeCN. 

1∙MeCN 
distances in ytterbium(III) and iron(II) complexes / Å 

Yb1-O1 2.141(13) Fe1-C2 1.894(16) Fe1-N6 1.989(12) 
Yb1-O2 2.217(10) Fe1-N3 1.952(11) C1≡N1 1.14(2) 
Yb1-N1 2.334(14) Fe1-N4 1.999(12) C2≡N2 1.147(19) 
Fe1-C1 1.885(18) Fe1-N5 1.986(13) Yb1-Fe1 5.276(9) 

angles in ytterbium(III) and iron(II) complexes / deg 

O1-Yb1-O2 
90.7(4)/ 
89.3(4) N4-Fe1-N5 91.0(5) N5-Fe1-N6 80.8(5) 

O1-Yb1-N1 
90.5(5)/ 
89.5(5) N5-Fe1-C1 91.3(5) N6-Fe1-C2 93.5(6) 

O2-Yb1-N1 93.5(4)/ 
86.5(4) C1-Fe1-N3 94.1(6) C1-Fe1-N4 175.9(5) 

O1-Yb1-O1 180.0 N3-Fe1-N4 82.4(5) C2-Fe1-N5 174.3(5) 
O2-Yb1-O2 180.00(14) N4-Fe1-N6 92.1(5) N3-Fe1-N6 170.0(5) 
N1-Yb1-N1 180.0(7) N6-Fe1-C1 91.6(6) Yb1-C1≡N1 161.0(12) 
C1-Fe1-C2 88.3(6) C2-Fe1-N3 94.8(5) - - 
C2-Fe1-N4 89.8(6) N3-Fe1-N5 90.9(5) - - 

details of crystallization solvent geometry / Å, deg 
N1S≡C1S 1.11(3) C1S-C2S 1.38(4) N1S≡C1S-C2S 172(3) 
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Table S4. Detailed structure parameters of YbIII and FeII complexes in 1∙AcrCN. 

1∙AcrCN 
distances in ytterbium(III) and iron(II) complexes / Å 

Yb1-O1 2.138(19)/ 
2.171(19) Fe1-C2 1.911(14) Fe1-N6 1.970(9) 

Yb1-O2 2.104(14)/ 
2.304(13) Fe1-N3 1.966(10) C1≡N1 1.154(16) 

Yb1-N1 2.194(14)/ 
2.466(14) Fe1-N4 2.005(11) C2≡N2 1.141(16) 

Fe1-C1 1.883(15) Fe1-N5 1.991(11) Yb1-Fe1 5.252(4) 
angles in ytterbium(III) and iron(II) complexes / deg 

O1-Yb1-O2 92.8(7)/ 
88.2(6) 

N4-Fe1-N5 89.0(4) N5-Fe1-N6 81.5(4) 

O1-Yb1-N1 94.5(7)/ 
92.5(6) 

C1-Fe1-N4 91.8(4) N6-Fe1-C2 94.3(4) 

O2-Yb1-N1 
94.0(5)/ 
92.9(6) C1-Fe1-N3 91.5(4) C2-Fe1-N4 174.6(5) 

O1-Yb1-O1 171.2(3) N3-Fe1-N4 81.0(4) N5-Fe1-C1 175.8(5) 
O2-Yb1-O2 173.1(4) N4-Fe1-N6 91.0(4) N3-Fe1-N6 170.2(5) 

N1-Yb1-N1 175.3(5) N6-Fe1-C1 94.3(5) Yb1-C1≡N1 
155.5(10)/ 
159.5(10) 

C1-Fe1-C2 88.8(5) C2-Fe1-N3 93.7(5) - - 
C2-Fe1-N5 90.8(5) N3-Fe1-N5 92.7(4) - - 

details of crystallization solvent geometry / Å, deg 
N1S≡C1S 1.13(2) C2S-C3S 1.14(3) C1S-C2S-C3S 120(3) 
C1S-C2S 1.45(3) N1S≡C1S-C2S 164(3)   
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Table S5. Detailed structure parameters of YbIII and FeII complexes in 1∙PrCN. 

1∙PrCN 
distances in ytterbium(III) and iron(II) complexes / Å 

Yb1-O1 2.194(10) Fe1-C2 1.912(12) Fe1-N6 1.980(9) 
Yb1-O2 2.142(10) Fe1-N3 1.975(9) C1≡N1 1.157(15) 
Yb1-N1 2.314(10) Fe1-N4 2.006(10) C2≡N2 1.147(15) 
Fe1-C1 1.896(12) Fe1-N5 2.000(10) Yb1-Fe1 5.257(3) 

angles in ytterbium(III) and iron(II) complexes / deg 

O1-Yb1-O2 
90.4(4)/ 
89.6(4) N4-Fe1-N5 89.7(4) N5-Fe1-N6 82.0(4) 

O1-Yb1-N1 
92.7(4)/ 
87.3(4) C1-Fe1-N4 91.3(4) N6-Fe1-C2 93.2(4) 

O2-Yb1-N1 91.8(4)/ 
88.2(4) C1-Fe1-N3 91.6(4) C2-Fe1-N4 175.8(4) 

O1-Yb1-O1 180.0 N3-Fe1-N4 82.1(4) N5-Fe1-C1 175.5(4) 
O2-Yb1-O2 180.0 N4-Fe1-N6 90.9(4) N3-Fe1-N6 171.4(4) 
N1-Yb1-N1 180.0 N6-Fe1-C1 93.6(4) Yb1-C1≡N1 158.1(8) 
C1-Fe1-C2 89.2(5) C2-Fe1-N3 93.7(4) - - 
C2-Fe1-N5 90.2(4) N3-Fe1-N5 92.8(4) - - 

details of crystallization solvent geometry / Å, deg 
N1S≡C1S 1.06(2) C2S-C3S 1.36(4) C1S-C2S-C3S 120(3) 
C1S-C2S 1.41(4) N1S≡C1S-C2S 170(3)   
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Table S6. Detailed structure parameters of YbIII and FeII complexes in 1∙MalCN. 

1∙MalCN 
distances in ytterbium(III) and iron(II) complexes / Å 

Yb1-O1 2.178(8) Fe1-C2 1.907(15) Fe1-N6 1.969(10) 
Yb1-O2 2.197(8) Fe1-N3 1.985(11) C1≡N1 1.173(16) 
Yb1-N1 2.340(10) Fe1-N4 2.002(13) C2≡N2 1.155(18) 
Fe1-C1 1.871(11) Fe1-N5 1.995(11) Yb1-Fe1 5.328(6) 

angles in ytterbium(III) and iron(II) complexes / deg 

O1-Yb1-O2 
90.1(3)/ 
89.9(3) N4-Fe1-N5 88.3(5) N5-Fe1-N6 82.2(4) 

O1-Yb1-N1 
91.2(3)/ 
88.8(3) C1-Fe1-N4 92.4(5) N6-Fe1-C2 93.2(5) 

O2-Yb1-N1 93.1(3)/ 
86.9(3) C1-Fe1-N3 92.3(5) C2-Fe1-N4 174.5(5) 

O1-Yb1-O1 180.0 N3-Fe1-N4 80.8(6) N5-Fe1-C1 175.5(5) 
O2-Yb1-O2 180.0 N4-Fe1-N6 92.0(5) N3-Fe1-N6 171.0(5) 
N1-Yb1-N1 180.0 N6-Fe1-C1 93.3(5) Yb1-C1≡N1 164.3(9) 
C1-Fe1-C2 89.3(6) C2-Fe1-N3 93.8(6) - - 
C2-Fe1-N5 90.5(5) N3-Fe1-N5 92.2(4) - - 

details of malononitrile geometry / Å, deg 
N1S≡C1S 1.223(18) C3S≡N2S 1.17(2) C2S-C2S≡N2S 170(4) 
C1S-C2S 1.389(18) N1S≡C1S-C2S 158(5) - - 
C2S-C3S 1.420(17) C1S-C2S-C3S 105(3) - - 
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Figure S3. Comparison of the crystal structures of 1∙MeCN (a), 1∙PrCN (b), 1∙AcrCN (c), and 1∙MalCN (d) represented by 
the asymmetric units presented with the selected atoms labelling schemes, and the detailed insights into octahedral Yb1 
and Fe1 complexes. Thermal ellipsoids are presented at the 30% probability level. Hydrogen atoms were omitted for 
clarity. 
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Figure S4. The views of the crystal structure of 1∙MeCN along crystallographic a (a, b), b (c, d), and c (e, f) axes. Solvent 
molecules and anions were presented on the left panel (a, c, and e) while they were omitted for clarity on the right panel 
(b, d, and f). 
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Figure S5. The views of supramolecular interactions in the crystal structure of 1∙MeCN, including the interactions be-
tween {YbFe2} molecules (a) and between {YbFe2} units and nitrile molecules of crystallization as well as trifluoro-
methanesulfonate anions (b). 
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Figure S6. The views of the crystal structure of 1∙AcrCN along crystallographic a (a, b), b (c, d), and c (e, f) axes. Solvent 
molecules and anions were presented on the left panel (a, c, and e) while they were omitted for clarity on the right panel 
(b, d, and f). 
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Figure S7. The views of supramolecular interactions in the crystal structure of 1∙AcrCN, including the interactions be-
tween {YbFe2} molecules (a) and between {YbFe2} units and nitrile molecules of crystallization as well as trifluoro-
methanesulfonate anions (b). 
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Figure S8. The views of the crystal structure of 1∙PrCN along crystallographic a (a, b), b (c, d), and c (e, f) axes. Solvent 
molecules and anions were presented on the left panel (a, c, and e) while they were omitted for clarity on the right panel 
(b, d, and f). 
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Figure S9. The views of the supramolecular interaction between {YbFe2} molecules (a) and between {YbFe2} units and 
with crystallization nitrile molecules as well as trifluoromethanesulfonate anions (b) in the crystal structure of 1∙PrCN. 
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Figure S10. The views of the crystal structure of 1∙MalCN along crystallographic a (a, b), b (c, d), and c (e, f) axes. Solvent 
molecules and anions were presented on the left panel (a, c, and e) while they were omitted for clarity on the right panel 
(b, d, and f). 
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Figure S11. The views of the supramolecular interaction between {YbFe2} molecules (a) and between {YbFe2} units and 
with crystallization nitrile molecules as well as trifluoromethanesulfonate anions (b) in the crystal structure of 1∙MalCN. 
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Table S7. Results of Continuous Shape Measure (CSM) analysis for metal complexes in 1∙MeCN, 1∙AcrCN, 1∙PrCN, and 
1∙MalCN (see Figure S3). 

compound metal 
complex 

CSM parameters* determined 
coordination 

geometry HP-6 PPY-6 OC-6 TPR-6 JPPY-6 

1∙MeCN 

[Fe1(phen)2(µ-
CN)2] 31.332 27.035 0.395 14.066 30.582 OC-6 

[Yb1(4-pyrido
ne)4 

(µ-NC)2] 
31.924 29.289 0.195 16.336 32.455 OC-6 

1∙AcrCN 

[Fe1(phen)2(µ-
CN)2] 30.733 27.353 0.376 14.593 30.903 OC-6 

[Yb1(4-pyrido
ne)4 

(µ-NC)2] 
32.368 29.564 0.232 16.419 32.791 OC-6 

1∙PrCN 

[Fe1(phen)2(µ-
CN)2] 31.049 27.547 0.306 14.736 31.090 OC-6 

[Yb1(4-pyrido
ne)4 

(µ-NC)2] 
31.756 29.269 0.163 16.279 32.468 OC-6 

1∙MalCN 

[Fe1(phen)2(µ-
CN)2] 30.726 27.704 0.343 14.852 31.260 OC-6 

[Yb1(4-pyrido
ne)4 

(µ-NC)2] 
31.734 29.359 0.162 16.350 32.620 OC-6 

*CSM parameters for six-coordinated complexes [S6,S7]: 

CSM HP-6 - the parameter related to the hexagon (D6h symmetry) 
CSM PPY-6 - the parameter related to the pentagonal pyramid (C5v) 
CSM OC-6 - the parameter related to the octahedron (Oh) 
CSM TPR-6 - the parameter related to the trigonal prism (D3h) 
CSM JPPY-6 - the parameter related to the Johnson pentagonal pyramid (C5v) 
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Figure S12. The visualization of representative Yb⋯Yb distances in the crystal structures of 1∙MeCN, 1∙AcrCN, 1∙PrCN, 
and 1∙MalCN presented within the crystallographic bc (a) and ac planes (b). See Table S8 for detailed comparison of the 
related values of Yb⋯Yb distances. 
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Table S8. Comparison of clostest Yb⋯Yb distances in the crystal structures of 1∙MeCN, 1∙AcrCN, 1∙PrCN, and 1∙MalCN 
(see Figure S12 for visualization). 

crystallographic 
direction 

Yb1-Yb1 distance / Å 
1∙MeCN 1∙AcrCN 1∙PrCN 1∙MalCN 

within the bc plane 
(011) 13.951 13.979* 13.978 14.050 
(001) 17.404 17.310 17.264 18.132 

within the ac plane 
(101) 11.892 12.050* 12.000 12.401 
(110) 16.236 16.409 16.428 15.994 
(101ത) 17.305 17.390* 17.408 17.082 

*average value 
  



Magnetochemistry 2021, 7, 79 23 of 41 
 

 
Figure S13. Experimental powder X-ray (P-XRD) patterns of 1∙MeCN, 1∙AcrCN, 1∙PrCN, and 1∙MalCN presented in the 
broad 2Θ range of 5–40o (a) and the enlarged view of the limited 5–15o range (b). The experimental patterns were com-
pared with the PXRD patterns calculated from the respective structural models obtained within the single-crystal X-ray 
diffraction (SC-XRD) structural analysis. 
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Figure S14. Direct-current (dc) magnetic characteristics of 1∙MeCN, 1∙PrCN, 1∙AcrCN, 1∙MalCN (main graphs), and 
1∙MeCN@Lu (the insets): temperature dependences of the χMT product under the external magnetic field of Hdc = 1000 Oe 
(a), and field dependences of molar magnetization (M) collected at T = 1.8 K (c), together with the comparison of the ex-
perimental χMT(T) and M(H) curves for 1∙MeCN and the theoretical ones, obtained using the ab initio calculations (model 
1L, Tables S9 and S11) (b and d for χMT(T) and M(H) plots, respectively). 
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Figure S15. Magnetic–field–variable alternate–current (ac) magnetic characteristics of 1∙MeCN at T = 1.8 K, and their 
analysis: the frequency dependences of the out-of-phase susceptibility, χM”, under variable indicated dc fields (a, b), the 
frequency dependences of the in-phase susceptibility, χM’, under indicated dc fields (c), the related Argand plots (d, e), 
and the field-dependence of relaxation time, τ for two analyzed relaxation processes (f). Colored solid curves in (a–e) 
represent the best-fits using the generalized Debye model for a single or a double relaxation processes (depending on the 
shape of ac curves, see comment to Figures S15–S24). Solid line in (f) show the best-fit taking into account QTM,  
a Raman process, and a direct process (Equation 1). Best-fit parameters are gathered in Table 1. 
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Figure S16. Temperature–variable alternate–current (ac) magnetic characteristics of 1∙MeCN under Hdc of 800 Oe (a-d) or 
6000 Oe (e), and their analysis: the frequency dependences of the out-of-phase susceptibility, χM”, at various indicated 
temperatures under Hdc = 800 Oe (a), the frequency dependences of the in-phase susceptibility, χM’, at various indicated 
temperatures under  Hdc = 800 Oe (b), the related Argand plots (c), the temperature dependence of the resulting relaxa-
tion time, τ (d), and the frequency dependences of the χM” at various indicated temperatures under Hdc = 6000 Oe (e). 
Colored solid curves in (a-c, e) represent the best-fits using the generalized Debye model for a single relaxation process. 
Solid blue line in (d) show the best-fit taking into account QTM, a Raman process, and a field-induced direct process 
(equation 1), while red line represents the linear fitting following the Arrhenius law for the limited temperature range of 
3.4–4.2 K. Best-fit parameters are gathered in Table 1. 
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Figure S17. Magnetic–field–variable alternate–current (ac) magnetic characteristics of 1∙MeCN@Lu at T = 1.8 K, and their 
analysis: the frequency dependences of the out-of-phase susceptibility, χM”, under variable indicated dc fields (a, b), the 
frequency dependences of the in-phase susceptibility, χM’, under indicated dc fields (c), the related Argand plots (d, e), 
and the field-dependence of resulting relaxation time, τ (f). Colored solid curves in (a–e) represent the best-fits using the 
generalized Debye model for a single relaxation process (see comment to Figures S15–S24). Solid line in (f) show the 
best-fit taking into account QTM, a Raman process, and a direct process (Equation 1). Best-fit parameters are gathered in 
Table 1. 
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Figure S18. Temperature–variable alternate–current (ac) magnetic characteristics of 1∙MeCN@Lu under Hdc = 800 Oe and 
their analysis: the frequency dependences of the out-of-phase susceptibility, χM”, at various indicated temperatures (a), 
the frequency dependences of the in-phase susceptibility, χM’, at indicated temperatures (b), the related Argand plots (c), 
and the temperature dependence of the resulting relaxation time, τ (d). Colored solid curves in (a-c) represent the best-fits 
using the generalized Debye model for a single relaxation process. Solid blue line in (d) show the best-fit taking into ac-
count QTM, a Raman process, and a field-induced direct process (equation 1), while red line represents the linear fitting 
following the Arrhenius law for the limited temperature range of 3.0–3.6 K. Best-fit parameters are gathered in Table 1. 
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Table S9. Description of the basis sets (two models: 1S and 1L) employed in the ab initio calculations of the YbIII crystal 
field in 1∙MeCN. 

Basis set 1S Basis set 1L 
Yb.ANO-RCC-VDZP  7S6P4D2F1G Yb.ANO-RCC-VTZP  8S7P5D3F2G1H 

Fe.ANO-RCC-VDZ  5S4P2D Fe.ANO-RCC-VDZ  5S4P2D 
O.ANO-RCC-VDZ  3S2P O.ANO-RCC-VDZP  3S2P1D 
C.ANO-RCC-VDZ  3S2P C.ANO-RCC-VDZ  3S2P 
H.ANO-RCC-VDZ  2S H.ANO-RCC-VDZ  2S 

N.ANO-RCC-VDZ  3S2P 
N.ANO-RCC-VDZP  3S2P1D  

(first coordination sphere) 
N.ANO-RCC-VDZ  3S2P (others) 

 
 

Table S10. Summary of the energy splitting of the 2F7/2 multiplet of Yb(III) in 1S model, together with pseudo-g-tensors of 
each Kramers doublet. 

Energy / cm–1 
Pseudo-g-tensor components 

gx gy gz 
0.000 0.8137 1.6506 5.3426 

237.714 0.4719 0.9739 4.0118 
302.622 0.3155 0.5902 2.6562 
509.498 1.9539 2.6213 5.1813 

State composition, ห𝑚୎〉 (only components with contribution above 1%)  
of the ground Kramers doublet 

64.8% | − 7 2⁄ 〉 
21.7% | + 1 2⁄ 〉 
6.4% | − 1 2⁄ 〉 
4.6% | − 5 2⁄ 〉 
1.5% | + 7 2⁄ 〉 

64.8% | + 7 2⁄ 〉 
21.7% | − 1 2⁄ 〉 
6.4% | + 1 2⁄ 〉 
4.6% | + 5 2⁄ 〉 
1.5% | − 7 2⁄ 〉 
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Table S11. Summary of the energy splitting of the 2F7/2 multiplet of Yb(III) in 1L model, together with pseudo-g-tensors of 
each Kramers doublet. 

Energy / cm–1 
Pseudo-g-tensor components 

gx gy gz 
0.000 0.5627 1.3436 5.9528 

280.425 0.3163 0.7647 4.4613 
342.877 0.3428 1.6212 3.2072 
551.166 1.7344 3.0360 4.8500 

State composition, ห𝑚୎〉 (only components with contribution above 1%) of the ground Kramers doublet 

76.9% | − 7 2⁄ 〉 
19.4% | + 1 2⁄ 〉 
2.3% | − 1 2⁄ 〉 

76.9% | + 7 2⁄ 〉 
19.4% | − 1 2⁄ 〉 
2.3% | + 1 2⁄ 〉 

 

Table S12. The energy splitting of the excited 2F5/2 multiplet of Yb(III) complexes extracted from the ab initio calculations 
using 1S and 1L models. 

Basis set 1S Basis set 1L 
10522.427 cm–1 10371.499 cm–1 
10657.785 cm–1 10560.202 cm–1 
10905.252 cm–1 10793.624 cm–1 
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Comment to the ab initio calculations 
Ab initio calculations were performed using the crystal structure of 1∙MeCN taken 

from the single-crystal X-Ray diffraction experiment. Calculated molecular fragment 
consisted of the whole cationic {YbFe2}3+ unit but without solvent molecules of crystalli-
zation and counter-ions (see Figure 1). To examine local magnetic properties of Yb(III) 
centers, State Average Complete Active Space Self-Consistent Field (SA-CASSCF) calcu-
lations were performed using  OpenMolcas software [S8]. Scalar relativistic effects were 
taken into account by employing two-component second-order Douglas-Kroll-Hess 
(DKH2) Hamiltonian together with relativistic Atomic Natural Orbital basis sets - 
ANO-RCC type [S9–S11]. To save disk space for computations of this relatively big clus-
ter (over 150 atoms and around 1200 basis functions), the Cholesky decomposition of 
ERI-s (electron repulsion integrals) was used with the 1.0∙10–8 threshold. Two models 
were considered: the first one – smaller (S) - with VDZP basis function quality for Yb(III) 
centers and VDZ for other atoms, and – larger (L) – using VTZP for Yb(III) centers, VDZP 
for atoms directly bonded to the magnetic center in the first coordination sphere, and 
VDZ for the others. Descriptions of employed basis sets and their contractions are pre-
sented in Table S9. In the CASSCF step, the active space was composed of seven 
4f-orbitals of Yb(III) with 13 active electrons – CAS(13in7), and 7 doublets spin-adapted 
states arising from different possible electrons distributions in 4f orbitals were evaluated. 
In the next step, all previously optimized, as spin-free, states were mixed within the Re-
stricted Active Space State Interaction (RASSI) submodule by Spin-Orbit-Coupling (SOC) 
within the atomic mean-field (AMFI) approximation [S12, S13]. In the final step, resulting 
14 spin-orbit states were analyzed using the SINGLE_ANISO module to obtain main 
magnetic axes and pseudo-g-tensors of each Krammers doublet, simulate χM(T) and M(H) 
magnetic dependences, and to decompose the ground SO states into ones with a definite 
projection of the total momentum on the located quantization z-axis [S14, S15]. The en-
ergy splitting of the ground 2F7/2 multiplet together with pseudo-g-tensor components 
and the composition of the ground doublet in the |J = 9/2, mJ > basis are presented in Ta-
bles S10–S11.  In addition, the calculated energy splitting of the excited 2F5/2 multiplet of 
Yb(III) complexes using both models was shown in Table S12.    
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Figure S19. Magnetic–field–variable alternate–current (ac) magnetic characteristics of 1∙AcrCN at T = 1.8 K, and their 
analysis: the frequency dependences of the out-of-phase susceptibility, χM”, under variable indicated dc fields (a, b), the 
frequency dependences of the in-phase susceptibility, χM’, under indicated dc fields (c), the related Argand plots (d, e), 
and the field-dependence of resulting relaxation time, τ (f). Colored solid curves in (a–e) represent the best-fits using the 
generalized Debye model for a single or a double relaxation processes (depending on the shape of the ac curve; slower 
relaxation process was not further analyzed; see comment to Figures S15–S24). Solid line in (f) show the best-fit taking 
into account QTM, a Raman process, and a direct process (Equation 1). Best-fit parameters are gathered in Table 1. 
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Figure S20. Temperature–variable alternate–current (ac) magnetic characteristics of 1∙AcrCN under Hdc = 800 Oe and their 
analysis: the frequency dependences of the out-of-phase susceptibility, χM”, at various indicated temperatures (a), the 
frequency dependences of the in-phase susceptibility, χM’, at indicated temperatures (b), the related Argand plots (c), and 
the temperature dependence of the resulting relaxation time, τ (d). Colored solid curves in (a-c) represent the best-fits 
using the generalized Debye model for a single relaxation process. Solid blue line in (d) show the best-fit taking into ac-
count QTM, a Raman process, and a field-induced direct process (equation 1), while red line represents the linear fitting 
following the Arrhenius law for the limited temperature range of 2.6–3.2 K. Best-fit parameters are gathered in Table 1. 
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Figure S21. Magnetic–field–variable alternate–current (ac) magnetic characteristics of 1∙PrCN at T = 1.8 K, and their 
analysis: the frequency dependences of the out-of-phase susceptibility, χM”, under variable indicated dc fields (a, b), the 
frequency dependences of the in-phase susceptibility, χM’, under indicated dc fields (c), the related Argand plots (d, e), 
and the field-dependence of resulting relaxation time, τ (f). Colored solid curves in (a–e) represent the best-fits using the 
generalized Debye model for a single or a double relaxation processes (depending on the shape of the ac curve; slower 
relaxation process was not further analyzed; see comment to Figures S15–S24). Solid line in (f) show the best-fit taking 
into account QTM, a Raman process, and a direct process (Equation 1). Best-fit parameters are gathered in Table 1. 
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Figure S22. Temperature–variable alternate–current (ac) magnetic characteristics of 1∙PrCN under Hdc = 800 Oe and their 
analysis: the frequency dependences of the out-of-phase susceptibility, χM”, at various indicated temperatures (a), the 
frequency dependences of the in-phase susceptibility, χM’, at indicated temperatures (b), the related Argand plots (c), and 
the temperature dependence of the resulting relaxation time, τ (d). Colored solid curves in (a-c) represent the best-fits 
using the generalized Debye model for a single relaxation process. Solid blue line in (d) show the best-fit taking into ac-
count QTM, a Raman process, and a field-induced direct process (equation 1), while red line represents the linear fitting 
following the Arrhenius law for the limited temperature range of 3.0–3.6 K. Best-fit parameters are gathered in Table 1. 
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Figure S23. Magnetic–field–variable alternate–current (ac) magnetic characteristics of 1∙MalCN at T = 1.8 K, and their 
analysis: the frequency dependences of the out-of-phase susceptibility, χM”, under variable indicated dc fields (a, b), the 
frequency dependences of the in-phase susceptibility, χM’, under indicated dc fields (c), the related Argand plots (d, e), 
and the field-dependence of relaxation time, τ for two analyzed relaxation processes (f). Colored solid curves in (a–e) 
represent the best-fits using the generalized Debye model for a single or a double relaxation processes (depending on the 
shape of ac curves, see comment to Figures S15–S24). Solid line in (f) show the best-fit taking into account QTM,  
a Raman process, and a direct process (Equation 1). Best-fit parameters are gathered in Table 1. 
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Figure S24. Temperature–variable alternate–current (ac) magnetic characteristics of 1∙MalCN under Hdc of 800 Oe (a-d) or 
6000 Oe (e), and their analysis: the frequency dependences of the out-of-phase susceptibility, χM”, at various indicated 
temperatures under Hdc = 800 Oe (a), the frequency dependences of the in-phase susceptibility, χM’, at various indicated 
temperatures under  Hdc = 800 Oe (b), the related Argand plots (c), the temperature dependence of the resulting relaxa-
tion time, τ (d), and the frequency dependences of the χM” at various indicated temperatures under Hdc = 6000 Oe (e). 
Colored solid curves in (a-c, e) represent the best-fits using the generalized Debye model for a single relaxation process. 
Solid blue line in (d) show the best-fit taking into account QTM, a Raman process, and a field-induced direct process 
(equation 1), while red line represents the linear fitting following the Arrhenius law for the limited temperature range of 
2.6–3.2 K. Best-fit parameters are gathered in Table 1. 
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Comment to Figures S15–S24 
For the fitting of the frequency dependences of χM’ and χM” contributions to the ac 

magnetic susceptibility, and the related Argand χM”(χM’) plots (Figures S15–S24), the 
following equations representing a generalized Debye relaxation process model were 
applied: 

 𝜒ᇱ(𝜔) = ∑ [𝜒௜,ௌ + ൫𝜒௜,் − 𝜒௜,ௌ൯ ଵା(ఠ೔ఛ೔)(భషഀ೔) ୱ୧୬ቀగఈ೔ ଶൗ ቁ  ଵାଶ(ఠ೔ఛ೔)(భషഀ೔) ୱ୧୬ቀగఈ೔ ଶൗ ቁା(ఠ೔ఛ೔)మ൫భషഀ೔൯]௜   𝜒ᇱᇱ(𝜔) = ∑ [൫𝜒௜,் − 𝜒௜,ௌ൯ (ఠ೔ఛ೔)(భషഀ೔) ୡ୭ୱቀగఈ೔ ଶൗ ቁ  ଵାଶ(ఠ೔ఛ೔)(భషഀ೔) ୱ୧୬ቀగఈ೔ ଶൗ ቁା(ఠ೔ఛ೔)మ൫భషഀ೔൯]௜   

where: 𝜒ௌ = the adiabatic susceptibility (at infinitely high frequency of ac field), 𝜒் = the isothermal susceptibility (at infinitely low frequency of ac field), 𝜏 = the relaxation time, 𝛼 = the distribution (Cole-Cole) parameter,  
and 𝜔 is an angular frequency, that is 𝜔 = 2πν, with ν being for the linear frequency in 
the [Hz] units [S16, S17]. 

For the fittings of magnetic–field–variable alternate–current (ac) magnetic suscepti-
bility data the Debye model for a single (1∙MeCN@Lu, 1∙AcrCN and 1∙PrCN; i=1) or a 
double (1∙MeCN and 1∙MalCN; i=2) relaxation processes were applied. However for the 
temperature–variable alternate–current (ac) magnetic susceptibility, only the single re-
laxation process were applied. All related data are shown in Figures S15–S24. 
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Figure S25. Solid-state UV-vis-NIR absorption spectra of 1∙MeCN, 1∙PrCN, 1∙AcrCN, and 1∙MalCN measured at room temperature 
in the 220–1350 nm range, and compared with the analogous absorption spectra of [FeII(phen)2(CN)2]∙2H2O precursor and 
1,10-phenantroline (phen) ligand. 

Comment to Figure S25: 
All compounds, 1∙MeCN, 1∙PrCN, 1∙AcrCN, and 1∙MalCN, exhibit strong absorp-

tion in the UV and visible range responsible for their deep red color. The spectra consist 
of two main parts, of which the strong band located at higher wavelengths (380–652 nm) 
corresponds to a charge transfer transition (MLCT) from FeII centers to phen ligands. In 
comparison to the [Fe(phen)2(CN)2]∙2H2O, the CT band is shifted toward lower wave-
lengths. This is due to the coordination of the lone electron pair located on the nitrogen 
atom of the CN– ligand to Yb3+ ions, which enhances the π–bonding interaction between 
Fe2+ and CN–, but weakens the interaction between Fe2+ and the phen ligand [S18]. The 
second, higher energy band observed in the 220–280 nm UV range is related to the 
1,10-phenantoline and/or 4-pyridne spin–allowed electronic transitions of the π → π* 
character [S19]. 
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Figure S26. Solid–state excitation (left panel) and emission (right panel) spectra of 1∙MeCN (a), 1∙PrCN (b), 1∙AcrCN (c), 
and 1∙MalCN (d) gathered at 77 K and 290 K. Main electronic transitions responsible for the excitation (π → π* transi-
tions within the organic ligands) and for the emission signal (indicated f-f electron transitions of YbIII) are indicated. 
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