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Table S1. Summary of the crystal structure, data collection and refinement for compounds 1-4.

Compound reference 1 2 3 4
Chemical formula C52H58CuF12N4O8P2·

2(C31H30CuF12N2O6
P)·2(C7H16)

C72H62Co3F36N4O16
P2. 2(C7H16)

C31H30F12MnN2O6P C31H30F12CoN2O6P

Formula Mass 3119.09 2362.39 840.48 844.47
Crystal system Monoclinic Triclinic Tetragonal Tetragonal
Space group P 21/n P-1 I 41cd I 41cd

Radiation type MoK MoK MoK MoK
Temperature/K 120(2) 293(2) 120(2) 293(2)

a/Å 12.0520(3) 13.0336(9) 28.2516(7) 28.414(4) 
b/Å 30.2136(7) 13.2483(9) 28.2516(7) 28.414(4) 
c/Å 20.5874(6) 16.6020(11) 17.7052(9) 18.162(4)
/º 90 79.807(5) 90 90
/º 99.114(3) 86.092(5) 90 90
/º 90 73.575(6) 90 90

Unit cell volume/Å3 7401.9(3) 2705.8(3) 14131.5(9) 14663(5)
No. of formula units per 

unit cell, Z
2 1 16 16

Density (calculated), 
Mg.m-3

1.40 1.45 1.580 1.530

Absorption coefficient, 
mm-1

0.58 0.60 0.53 0.62

No. of reflections 
measured

83125 16437 15052 56145

No. of independent 
reflections

13082 9561 6222 6429

 range/º 1.8–25.0° 2.0–25.0 2.0-25.0 2.0-25.0
Index range h = −1414

k = −3535
l = −2424

h = −1215
k = −1515
l = −1919

h = −3227
k = −3321
l = −1421

h = −3333
k = −3333
l = −2121

Rint 0.064 0.080 0.073 0.066
Final R1 values 

(I>2(I))
0.059 0.073 0.051 0.053

Final wR(F²) values 
(I>2(I))

0.156 0.221 0.162 0.147

Final R1 values (all 
data)

0.821 0.154 0.051 0.083

Final wR(F²) values (all 
data)

0.1429 0.170 0.120 0.121

Goodness of fit on F² 1.03 1.01 1.06 1.12
CCDC Deposition 997015 997016 997017 997018
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Table S2. Selected bond angles for 1 and 2

Labels Bond angles (º) Labels Bond angles (º)
O4Bi—Cu1B—O4B 179.9980 (10) O3—Co1—O3i 180
O4Bi—Cu1B—O3B 88.38 (11) O3—Co1—O4i 88.64 (18)
O4B—Cu1B—O3B 91.61 (11) O3i—Co1—O4i 91.36 (18)
O4Bi—Cu1B—O3Bi 91.62 (11) O3—Co1—O4 91.36 (18)
O4B—Cu1B—O3Bi 88.38 (11) O3i—Co1—O4 88.65 (18)
O3B—Cu1B—O3Bi 179.998 (19) O4i—Co1—O4 180
O4Bi—Cu1B—O2B 95.47 (10) O3—Co1—O1 88.56 (17)
O4B—Cu1B—O2B 84.53 (10) O3i—Co1—O1 91.44 (17)
O3B—Cu1B—O2B 85.84 (10) O4i—Co1—O1 81.75 (17)
O3Bi—Cu1B—O2B 94.16 (10) O4—Co1—O1 98.25 (17)
O4Bi—Cu1B—O2Bi 84.53 (10) O3—Co1—O1i 91.44 (17)
O4B—Cu1B—O2Bi 95.47 (10) O3i—Co1—O1i 88.56 (17)
O3B—Cu1B—O2Bi 94.17 (10) O4i—Co1—O1i 98.25 (17)
O3Bi—Cu1B—O2Bi 85.84 (10) O4—Co1—O1i 81.76 (17)
O2B—Cu1B—O2Bi 180 O1—Co1—O1i 180
O3A—Cu1A—O6A 172.83 (12) O7—Co2—O5 172.42 (16)
O3A—Cu1A—O5A 87.04 (11) O7—Co2—O6 90.68 (15)
O6A—Cu1A—O5A 91.76 (10) O5—Co2—O6 87.31 (15)
O3A—Cu1A—O4A 91.24 (10) O7—Co2—O8 87.51 (18)
O6A—Cu1A—O4A 86.97 (10) O5—Co2—O8 85.05 (17)
O5A—Cu1A—O4A 155.82 (12) O6—Co2—O8 85.41 (16)
O3A—Cu1A—O2A 97.60 (11) O7—Co2—O2ii 95.29 (14)
O6A—Cu1A—O2A 89.56 (11) O5—Co2—O2ii 87.70 (14)
O5A—Cu1A—O2A 97.05 (11) O6—Co2—O2ii 170.44 (15)
O4A—Cu1A—O2A 107.08 (11) O8—Co2—O2ii 102.27 (15)

O7—Co2—O2 92.89 (15)
O5—Co2—O2 94.46 (15)
O6—Co2—O2 91.01 (14)
O8—Co2—O2 176.40 (14)

Table S3. Selected bond angles for 3 and 4.

Labels Bond angles (º) Labels Bond angles (º)
O1—Mn1—O5 95.1(2) O2—Co1—O6 96.16 (16)
O1—Mn1—O3 87.0(2) O2—Co1—O4 173.62 (16)
O1—Mn1—O6 99.3(2) O6—Co1—O4 89.17 (16)
O1—Mn1—O4 166.7(2) O2—Co1—O3 88.65 (16)
O1—Mn1—O2 89.5(2) O6—Co1—O3 174.08 (15)
O5—Mn1—O3 89.5(2) O4—Co1—O3 85.83 (16)
O5—Mn1—O6 81.7(2) O2—Co1—O1i 87.96 (16)
O5—Mn1—O4 80.2(2) O6—Co1—O1i 86.70 (17)
O5—Mn1—O2 170.4(2) O4—Co1—O1i 95.87 (17)
O3—Mn1—O6 169.6(2) O3—Co1—O1i 96.94 (17)
O3—Mn1—O4 80.6(2) O2—Co1—O5 93.74 (16)
O3—Mn1—O2 99.2(2) O6—Co1—O5 85.58 (16)
O6—Mn1—O4 92.3(2) O4—Co1—O5 83.15 (16)
O6—Mn1—O2 89.2(2) O3—Co1—O5 90.68 (17)
O4—Mn1—O2 97.2(2) O1i—Co1—O5 172.23 (16)
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Figure S1. ORTEP view of the asymmetric unit of compound 1. Fluorine atoms are shown as open circles and 
hydrogen atoms were omitted for clarity. Ellipsoids are at 50 % of probability.

Figure S2. ORTEP view of the asymmetric of compound 2. Fluorine atoms are shown as open circles and hydrogen 
atoms were omitted for clarity. Ellipsoids are at 50 % of probability.
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Figure S3. ORTEP view of the asymmetric unit of compound 3. Fluorine atoms are shown as open circles and 
hydrogen atoms were omitted. Ellipsoids are at 50 % of probability. 

Figure S4. ORTEP view of the asymmetric unit of compound 4. Fluorine atoms are shown as open circles and 
hydrogen atoms were omitted for clarity. Ellipsoids are at 40 % of probability.



S6

0 50 100 150 200 250 300
0

40

80

120

160

 

 

 M
-1
 (c

m
-3
 m

ol
)

T (K) 

Figure S5. 1/M data as a function of the temperature for compound (1) fitted to the Curie-Weiss law (solid 
line).
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Figure S6. Dependence of the magnetization of compound 1 as a function of the magnetic field at 1.8 K. Solid line 
represents the simulation with a sum of five Brillouin functions S=1/2 (g = 2.05). 
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Figure S7. 1/M data as a function of the temperature for compound (2) fitted to the Curie-Weiss law (solid 
line).
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Figure S8. Dependence of the magnetization of compound 2 as a function of the magnetic field at 1.8 K.
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Figure S9. 1/M data as a function of the temperature for compound (3) fitted to the Curie-Weiss law (solid 
line).
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Figure S10. Dependence of the magnetization of compound 3 as a function of the magnetic field at 1.8 K. Solid line 
represents the simulation with the Brillouin function (g = 2.04 and S = 2).  
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Figure S11. Dependence of the magnetization of compound 4 as a function of the magnetic field at 2.0 K.  
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Figure S12. 1/M data as a function of the temperature for compound (4) fitted to the Curie-Weiss law (solid 
line).
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Table S4. Absolute energies and Energy  for complex 1.

Multiplicity Energy (Hartree) Energy (EBS- EHS)
(kJ/mol)

Unit A
3 (HS) -3160.07719839
1 (BS) -3160.07719841 -5.25E-05

Unit B
4 (HS) -4242.77054487
2 (BS) -4242.77054489 -5.25E-05

Supermolecula
6 (HS) -7402.86076047
2 (BS) -7402.86076156 -0.00286

Table S5. Absolute energies and Energy for complex 2.

Multiplicity Energy (Hartree) Energy (EBS- EHS)
(kJ/mol)

Unit i
6 (HS) -4191.77858490
2 (BS) -4191.78726240 -22.7828

Unit ii
9 (HS) -6218.02652000
1 (BS) -6218.02648670 0.0874

Supermolecula
13 (HS) -9327.04180719
7 (BS) -9327.04282718 -2.6779
1 (BS) -9327.04254778 -1.9444

Table S6. Absolute energies and Energy for complex 3.

Multiplicity Energy (Hartree) Energy (EBS- EHS)
(kJ/mol)

Unit i
8 (HS) -4150,79331000
6 (BS) -4150,79930000 -15,7267

Supermolecula
14 (HS) -7218,80304690
8 (BS) -7218,81515730 -31,7958

Table S7. Absolute energies and Energy for complex 4.

Multiplicity Energy (Hartree) Energy (EBS- EHS)
(kJ/mol)

Unit i
6 (HS) -4191,73945850
2 (BS) -4191,74052100 -2,7895

Supermolecula
10 (HS) -7300,70207670
4 (BS) -7300,70608820 -10,5321


