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Figure S1. χmT vs T for: 2, squares; 3, diamonds; 4, circles; 5, 

triangles 
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Figure S2. M vs H for: 2, 3, 4, and 5 

Experiment: 2K (circles), 3K (squares), 4 K triangles. 

Lines:  Theory 
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Supplementary Synthetic Procedures 

2. CrF3·4H2O (5.0 g, 27.6 mmol), diisopropylamine (1.26 g, 12.5 

mmol), and pivalic acid (20.5 g, 201 mmol) were stirred together at 

140° C for 4 h in a Teflon flask. Basic copper carbonate (0.37 g, 1.7 

mmol) was added to the mixture and the temperature was increased to 

160° C for 26 h. The flask was cooled to room temperature and acetone 

(30 ml) was added with stirring. A green microcrystalline product was 

formed. The product was filtered, washed with a large quantity of 

acetone and dried in air (4.8 g). It was then washed with pentane 3 X 

25 ml, removing a mixture of [(iC3H7)2NH2][Cr8CuF9(O2CCMe3)18] (not 

crystallised, but identified by  ES-MS: +2572, [M] + , 100%),  

[(iC3H7)2NH2]2[Cr10Cu2F14(O2CCMe3)22] 1b (identified by X-ray cell 

parameters[7]), and  some  [i(C3H7)2NH2]2[Cr11Cu2F15(O2CCMe3)24] 4.  

The remaining product (3.6g) was extracted in (~ 300 ml) of hot 

toluene at boiling point, filtered and the solution was slowly cooled 

to room temperature. A crystalline product was collected (including 

crystals suitable for X-ray diffraction) after two weeks, washed with 

toluene and dried in air. Yield 1.9 g (20 %). Elemental analysis 

calcd (%) for C156H282Cr12Cu2F16N2O52 : Cr 15.32,  Cu 3.12, C 46.00, H 

6.98, N 0.69 ; found: Cr 14.94, Cu 3.18, C 45.71, H 7.07, N 0.66.  

3. The filtrate from 2 was concentrated by distillation of toluene up 

to 1/2 of the initial volume, left at room temperature overnight, 

then filtered and diluted with MeCN until the solution became cloudy. 

It was then warmed until a clear solution formed, which was left at 

room temperature for 1 week.  During this time a small amount of 
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crystals of 3 were formed. The crystals were separated by filtration, 

washed with a small amount of toluene and died in air.  

Yield 0. 44 g (5 %). Elemental analysis calcd (%) for 

C139H256Cr11Cu2F15N2O48 : Cr 15.43,  Cu 3.43, C 45.03, H 6.96, N 0.76 ; 

found: Cr 15.11, Cu 3.35, C 45.67, H 6.96, N 0.71.  

4. CrF3·4H2O (3.0 g, 16.6 mmol), diethylamine (0.17 g, 2.3 mmol), and 

pivalic acid (14.0 g, 137 mmol) were stirred together at 140° C for 7 

h in a Teflon flask. Basic copper carbonate (0.24 g, 1.1 mmol) was 

added and the solution heated for a further 10 h. The flask was 

cooled to room temperature and acetone (30 ml) was added with 

stirring. A green microcrystalline product formed. The product was 

filtered, washed with a large quantity of acetone, and then extracted 

in ~ 50 ml of pentane, filtered and the pentane evaporated. The 

obtained product was washed additionally with acetone and dried en 

vacuo. Yield 3.5 g (65 %). Elemental analysis calcd (%) for 

C84H156Cr7CuF8NO32 : Cr 16.02,  Cu 2.80, C 44.41, H 6.92, N 0.62 ; 

found: Cr 16.44, Cu 2.73, C 44.04, H 7.18, N 0.59. The product was 

further purified additionally by column chromatography on silica gel 

using toluene as an eluent. First the less polar impurity 

[Cr8F8(O2CCMe3)16] eluted, then 1c followed by 4. The fraction 

containing 4 was then evaporated under reduced pressure. Elemental 

analysis calcd (%) for C84H156Cr7Cu1F8N1O32 : Cr 16.02,  Cu 2.80, C 

44.41, H 6.92, N 0.62 ; found: Cr 16.31, Cu 2.70, C 44.20, H 7.10, N 

0.57. X-ray quality crystals were obtained by recrystallisation from 

ethylacetate. ES-MS(sample dissolved in toluene, run in MeOH): + 2272 
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[M+H]+ (100%),  +2294 [M+Na]+ , - 2197 [ Cr7CuF8(O2CCMe3)16 ]- (100%) 

1c. CrF3·4H2O (3.0 g, 16.6 mmol), basic copper carbonate (0.72 g, 3.3 

mmol), diethylamine (0.54 g, 7.4 mmol) and pivalic acid (14.0 g, 137 

mmol) were stirred together at 140° C for 3.0 h in a Teflon flask. 

The flask was cooled to room temperature and acetone (30 ml) was 

added with stirring. A green microcrystalline product was formed. The 

product was filtered, washed with a large quantity of acetone, and 

then extracted in ~ 50 ml of pentane, filtered , solvent was 

evaporated and the product purified by column chromatography on 

silica gel using toluene as eluent. The toluene was then evaporated 

under reduced and the residue dried en vacuo. Yield 3.0 g (55 %). 

Elemental analysis calcd (%) for C118H222Cr10Cu2F14N2O44 : Cr 13.82,  Cu 

3.87, C 43.13, H 6.81, N 0.85 ; found: Cr 15.38, Cu 3.75, C 42.94, H 

6.62, N 0.80.  

 
5. CrF3·4H2O (3.0 g, 16.6 mmol), basic copper carbonate (0.52 g, 2.4 

mmol), benzimidazole (1.3 g, 11.0 mmol), and pivalic acid (12.0 g, 

120 mmol) were stirred together at 140° C for 15.0 h in a Teflon 

flask. The flask was cooled to room temperature and acetone (30 ml) 

was added with stirring to the obtained viscous mass. A green product 

was filtered, washed with a large quantity of acetone, and then 

extracted in hexane ~ 100 ml , filtered , hexane was concentrated by 

distillation up to  ½ of its initial volume and left at room 

temperature for 1 week. During this time a small amount of crystals 

including some of X-ray quality were formed. The crystals were 
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separated by filtration, washed with a small amount of hexane and 

died in air. Yield 0.38 g (6 %). Elemental analysis calcd (%) for 

C118H190Cr8Cu2F14N8O36 : Cr 13.39,  Cu 4.09, C 45.63, H 6.17, N 3.61 ; 

found: Cr 13.27, Cu 3.99, C 45.57, H 6.23, N 3.52.  

A second extract was in hot toluene (~ 30 ml) which produced after 

cooling to room temperature in 3 days large. Yield 0.43 g (6 %). 

Elemental analysis calcd (%) for C146H222Cr8Cu2F14N8O36 : Cr 11.97,  Cu 

3.66, C 50.47, H 6.44, N 3.23 ; found: Cr 10.94, Cu 3.64, C 49.24, H 

6.45, N 3.17.  

 

 

  6 


