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Scheme S1. a) Synthesis in solution of anionic ortho-metallabis(dicarbollides) by complexation 

reaction of the ortho nido-carboranyl ligands and the corresponding MCl2 salt (M= Co and Fe). 

b) Synthesis in solution of anionic meta-metallabis(dicarbollides) by complexation reaction of 

the meta nido-carboranyl ligands and the corresponding MCl2 salt (M= Co and Fe).1 Anionic 

ligands are obtained by “partial deboronation” reaction of the corresponding icosahedral neutral 

closo-carboranes with a nucleophile (Nu- = EtO-, pyperidine, F-, among others).2 Circles in grey 

represent the Cc-H vertices, the orange ones correspond to metal (M= Co3+, Fe3+) while the 

circles in pink correspond to B-H vertices.
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Scheme S2. Synthesis in solid state of [HNMe3]+ salt of the anionic small 

cobaltabis(dicarbollide) molecules: a) [1]- and b) [5]- by complexation reaction of the [HNMe3]+ 

salt of the corresponding ortho and meta nido-carboranyl ligands with CoCl2.xH2O.3 
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Scheme S3. a) Preparation of the corresponding sodium salts, Na[1],4 and Na[2],5 by cation 

exchange resin. b) Preparation of the water soluble sodium salts of [4]- and [5]- by means of 

cationic exchange resin.6
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Scheme S4. a) Synthesis of the Cs[3] from [1]- employing either ICl (yield = 84%,),7 or I2 

(yield= 98%)8 in EtOH at reflux. b) Synthesis of the water soluble Na[8,8´-I2-o-COSAN] by 

means of cationic exchange resin.

7
Ca

2

7
NMe4 ·3H2O

Cationic exchange

 

I
I

a)
Cs

I
I

b)
NaCs

 

I
I

a)
Cs

I
I

b)
NaCs

Na+

+ Na+

Na+
- H+

7
Ca

2

7
NMe4 ·3H2O

Cationic exchange

 

I
I

a)
Cs

I
I

b)
NaCs

 

I
I

a)
Cs

I
I

b)
NaCs

Na+

+ Na+

Na+
- H+

7
Ca

2

7
NMe4 ·3H2O

Cationic exchange

 

I
I

a)
Cs

I
I

b)
NaCs

 

I
I

a)
Cs

I
I

b)
NaCs

Na+

+ Na+

Na+
- H+

Na+

Na+

Na+
Na+

Cationic exchange

I
I

I
I

ICI

EtOH
reflux

I2

EtOH
ref lux

Cs CsCs

Cs[3] Cs[1] Cs[3]

a)

b)

I
ICs

Cs[3]

I
INa

Na[3]



8

Characterization of Na[2,2’-Co(1,7-C2B9H11)2]·2.5H2O, abbreviated as Na[5].

Figure S1. IR spectrum of Na[2,2’-Co(1,7-C2B9H11)2]·2.5H2O, Na[5].

Figure S2. MALDI-TOF-MS experimental spectrum of [5]-. Inset the theoretical MS.
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Figure S3. 1H{11B}-NMR of Na[5] in D2O

Figure S4. 1H NMR of Na[5] in D2O
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Figure S5. 1H{11B} NMR of Na[5] in CD3COCD3.
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Figure S6. 1H NMR of Na[5] in CD3COCD3.
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Figure S7. 11B{1H} NMR of Na[5] in D2O.
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Figure S8. 11B{1H} NMR of Na[5] in CD3COCD3.
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Figure S9. 11B NMR of Na[5] in CD3COCD3.
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Figure S10. TGA/DSC spectra of Na[5].
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Characterization of Na[2,2’-Fe(1,7-C2B9H11)2]·2.5H2O, abbreviated as Na[6].

Figure S11. IR spectrum of Na[2,2’-Fe(1,7-C2B9H11)2]·2.5H2O, Na[6].

Figure S12. MALDI-TOF-MS experimental spectrum of [6]-. Inset the theoretical MS.
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Figure S13. 1H NMR of Na[6] in CD3COCD3.
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Figure S14. 11B{1H} NMR of Na[6] in CD3COCD3.
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Figure S15. 1H NMR of Na[6] in H2O.

Figure S16. 1H{11B} NMR of Na[6] in H2O.
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Figure S17. 11B NMR of Na[6] in H2O.

Figure S18. 11B{1H} NMR of Na[6] in H2O.
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Characterization of Cs[3,3’-Fe(8-I-1,2-C2B9H11)2, abbreviated as Cs[4].

Figure S19. MALDI-TOF-MS experimental spectrum of Cs[4]. Inset the theoretical MS.
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Figure S20. 1H{11B} NMR of Cs[4] in CD3COCD3.
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Figure S21. 1H NMR of Cs[4] in CD3COCD3.
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Figure S22. 11B{1H} NMR of Cs[4] in CD3COCD3.

-650-550-450-350-250-150-5050150250
f1 (ppm)

-5
68

.0
5

-3
34

.8
6

-4
7.

07

7.
73

25
.8

4

12
1.

57

Figure S23. 11B NMR of Cs[4] in CD3COCD3.
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Characterization of Na[3,3’-Fe(8-I-1,2-C2B9H11)2]·2.5H2O, abbreviated as Na[4].

Figure S24. IR spectra of Na[4].
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Figure S25. MALDI-TOF-MS experimental spectrum of Na[4]. Inset the theoretical MS.
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Figure S26. 1H{11B} NMR of Na[4] in CD3COCD3.
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Figure S27. 1H NMR of Na[4] in CD3COCD3.
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Figure S28. 11B{1H} NMR of Na[4] in CD3COCD3.
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Figure S29. 11B NMR of Na[4] in CD3COCD3.

-650-600-550-500-450-400-350-300-250-200-150-100-50050100150200250
f1 (ppm)

-5
48

.9
1

-3
22

.3
6

-4
7.

09

6.
06

23
.8

3

11
4.

70

-650-600-550-500-450-400-350-300-250-200-150-100-50050100150200250
f1 (ppm)

-5
48

.9
1

-3
22

.3
6

-4
7.

09

6.
06

23
.8

3

11
4.

70

-650-600-550-500-450-400-350-300-250-200-150-100-50050100150200250
f1 (ppm)

-5
48

.9
1

-3
22

.3
6

-4
7.

09

6.
06

23
.8

3

11
4.

70



25

Figure S30. TGA/DSC spectra of Na[4].
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Figure S31. a) 11B-NMR spectra of Na[6] in D2O with the chemical shift numbers of the Boron 

vertices B(6), B(9,12), B(5,11), B(10), B(4,7) and B(8) from down to high field. b) 1H-NMR 

spectra of Na[6] in D2O.

a)

b)
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Figure S32. 11B{1H}-NMR spectra of Na[6] in D2O in the concentration range of 5-100 mM.
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Figure S33. 1H{11B}-NMR spectra of Na[5] in D2O at different concentrations.

Figure S34. 11B{1H} NMR spectra of Na[5] in D2O at different concentrations.
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Table S1. Crystal data and structure refinement for [(H3O)(H2O)5][2,2’-Co(1,7-C2B9H11)2], 

H[5], and Cs(MeCN)[8,8’-I2-Fe(1,2 C2B9H10)2], Cs[4].

Compound [(H3O)(H2O)5][2,2’-

Co(1,7-C2B9H11)2]

Cs(MeCN)[8,8’-I2-

Fe(1,2 C2B9H10)2]

Empirical formula C4H35B18CoO6 C6H23B18CsFeI2N

Formula weight 432.83 746.39

Crystal system Monoclinic Monoclinic

Space group C2/m C2/c

a (Å) 8.0526(3) 21.9678(7)

b (Å) 11.2324(5) 12.5135(4)

c (Å) 12.1312(6) 8.9201(3)

(º) 90 90

(º) 103.702(2) 105.4220(10)

(º) 90 90

V(Å3) 1066.04(8) 2363.79(13)

Z 2 4

F(000) 448 1372

Theta range for data collection 3.17 to 27.50° 2.198 to 29.470°

Reflections collected 26669 11149

Independent reflections 1284 2022 [R(int) = 0.0533]

Data / restraints / parameters 1284 / 0 / 80 2022 / 0 / 137

Goodness-of-fit on F2 1.202 1.103

R1 (I>2I)) 0.0273 0.0409 

wR2 (I>2(I)) 0.0725 0.1347

R1 (all data) 0.0305 0.0433 

wR2 (all data) 0.0752 0.1399
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Cyclic voltammetry studies.

Figure S35. The CV wave of Na[1] E1/2 = -1.81V versus Fc
+/Fc.

Figure S36. The CV wave of Na[2]. E1/2 = -0.73V versus Fc
+/Fc.
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Figure S37. The CV wave of Na[3]. E1/2 = -1.33V versus Fc
+/Fc.

Figure S38. The CV wave of Na[4] such as E1/2 = -0.36 V versus Fc
+/Fc.
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Figure S39. The CV wave of Na[5]. E1/2 = -1.55 V versus Fc
+/Fc.

Figure S40. The CV wave of Na[6]. E1/2 = -0.79 V versus Fc
+/Fc.
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Figure S41. Electrolysis behavior of [6]-.

On the left (brown): natural state (Fe3+, d5); on the right (pink): reduced state (Fe2+ d6).
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Solubility studies.

Figure S42. Solubility study of Na[3,3’-Fe(1,2-C2B9H11)2], Na[1] in H2O; Plot of absorbance 

vs. concentration.

Solubility of Na[2] in water 1.247±0.018 M or 484.72±7.01 g/L  
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Figure S43. Solubility study of Na[4] in water; Plot of absorbance vs. concentration

Solubility of Na[4] in water 0.374±0.006 M or 240.14±3.80 g/L
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Figure S44. Solubility study of Na[5] in H2O. Plot of absorbance vs. concentration
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Figure S45. Solubility study of Na[6] in H2O. Plot of absorbance vs. concentration.

Solubility of Na[6] in water 1.400±0.025 M or 544.56±9.86 g/L  
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Lipophilicity Studies.

Figure S46. Lipophilicity of Na[5].
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Figure S47. Lipophilicity of Na[2]
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Figure S48. Lipophilicity of Na[4]
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Figure S49. Lipophilicity of Na[6].
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Figure S50. Dynamic lattice scattering of Na[5] in H2O (a) Size distribution by Intensity and 

(b) Raw correlation data presentation
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