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X-ray Diffraction Data Collection and Crystal Structure Refinement. The data were collected
on a Rigaku AFC12 diffractometer with a Saturn 724+ CCD using a graphite monochromator with
MoKa radiation (A = 0.71073 A). A total of 1220 frames of data were collected using w-scans with
a scan range of 0.5° and a counting time of 45 seconds per frame. The data were collected at
100 K using a Rigaku XStream low temperature device. Details of crystal data, data collection
and structure refinement are listed in Table 1. Data reduction were performed using the Rigaku
Americas Corporation’s Crystal Clear version 1.40.> The structure was solved by direct methods
using SIR20042 and refined by full-matrix least-squares on F? with anisotropic displacement
parameters for the non-H atoms using SHELXL-2014/7.2 Structure analysis was aided by use of
the programs PLATON98* and WinGX.®> The hydrogen atoms on carbon were calculated in ideal
positions with isotropic displacement parameters set to 1.2 x Ueq Of the attached atom (1.5 x Ueq
for methyl hydrogen atoms).

For complex 1, The cobalt complex resides around a crystallographic two-fold rotation axis at %2,
y, ¥a. The two-fold rotation axis passes through the bridging fluoride ion, F1. To maintain charge
balance in the crystal, there are three BF, ions per dimeric complex. In the asymmetric unit, one
of the tetrafluoroborate ions is given half-weight. This ion is disordered with a half-weighted
molecule of acetonitrile. The two-fold symmetry of the complex results in the disorder of a
molecule of water and a molecule of acetonitrile that are bound to the Co ion. By symmetry, the
water and acetonitrile molecules are half-weighted in the refinement model. Because this disorder
could be the result of imposing two-fold symmetry on the complex, a model in the lower symmetry
space group, Cc, was considered. In Cc, there is no requirement that the water molecule and the
acetonitrile molecule need be disordered. The refinement in Cc was reasonable. Predictably,
the refinement model in Cc suffered from high correlation between parameters that would be
related by the two-fold rotation axis. The agreement factors were also reasonable but significantly
higher than those for the C2/c model. For the Cc model, R1 = 0.0543, while wR2 = 0.149 and
GOOF = 1.08. When compared to the C2/c model, where R1 = 0.0452 and wR2 = 0.112, with a
GOOF =1.07, the C2/c model is superior.

The function, Zw(|Fo|? - |F¢|?)?, was minimized, where w = 1/[(c(Fo))? + (0.0403*P)? + (19.6854*P)]
and P = (|Fo|]? + 2|F¢|%)/3. Rw(F?) refined to 0.112, with R(F) equal to 0.0452 and a goodness of
fit, S, = 1.07. Definitions used for calculating R(F), Rw(F?) and the goodness of fit, S, are given

below.® The data were checked for secondary extinction effects but no correction was necessary.



Neutral atom scattering factors and values used to calculate the linear absorption coefficient are

from the International Tables for X-ray Crystallography (1992).” All figures were generated using
SHELXTL/PC.®
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Figure S1. ORTEP diagram (50% ellipsoids) of the cation of [Co(pnNs:-OMe),](BF4)2 (5). H's
are not shown for sake of clarity.

Table S1. Crystal data and refinement parameters for of 5(ClOa).

5
Empirical
tormula C20H30Cl2CoNgO10
MOICCUAT [0 (pNs-OMelhyoned)I(CIOA):
FwW 644.33
Color Reddish pink
Habit Needles
Size (mm) 0.54 x 0.19 x 0.16
T (K) 100(2)
LA 0.71073
Lattice Monoclinic
Space group P 2i/c
ad) 9.9009(5)
b (&) 17.9640(8)
c(A) 15.9921(9)
a () 90.000
£ 105.467(2)
7() 90.000
V (A%) 2741.3(2)
z 4
dealc (g/cm®) 1.561
2 (mm?) 0.884
GOF on F? 1.010
R indices R1=0.0355
[1>20()] wR2 = 0.0746
R indices R1 =0.0568
all data wR2 = 0.0855




Table S2. Selected bond distances (A) and angles (°) for dimers with u-F bridge(s) reported
here and in literature.

Reference

No Chemical Formula MeeeM M-N* M-Npy M-Npyr M-F £LM-F-M
*Schiff-base:
i [Co"5(u-F)(pnN,- 2.2559(19) _
This work PhCI)s(OHz)(MeCN)|(BF4)s (1) 4.003 gigggg 2282(2) 2.034(5) 159.47(11)
* le:
EDEVEG! [Co2(u-F) (U-L*)21(BF 1) 413 - - a%f""zz.ggeg 2.0626(4) 180.00
HU 2 *pyrazole: el
QHOR [Co2(u-F)(U-Lm)2] (BF4)s 3.90 = = avg: 2.09 1.9774(4) 180
T avg: 1.96
3 mo T B _ 1.944(1),
NIDBAD [Cox(u-Br)LY(BPh,), 3.577 1.945(2) 2.077(3) 118.9(2)
*triazole: 1.992(1)-
DISTAA* [Cos(u-F)(detrH)s(NCS),](H20),  3.3726(3) = = 2.137(2)- 2.019(1) 114.44(7)
2.206(2) avg: 2.006
*triazole:
2.131(2), 2.023(1)
DOMHIWS3 [Cos(u-F)2(tmtr)a(NCS)a(H20),](H20),  3.4015(3) - - 2.152(2), 2.058(2) 112.92(7)
2.168(2), avg: 2.041
2.172(2)
DOTBUK® [Cra(u-F)(F)2(TPYA)](BF4) 3.862 2059 0 - L) 179.85(12)
2 ATFYARI(BF4)s ' 5008 2.042 1.9347(16) '
*Schiff-base:
) W ) 2.288(4) _ 2.045(4) 98.8(2)
*amine: 2.100(4)- *pyrimidine: 1.987(3)-
o 2.127(5) 2.162(4) 2.233(4) : 100.0(1)
ClBGOL? [Cou(L™)2(Fal(BFa)s  3.114(9) 2.139(4) mean: 2.227(4) _eny) 99.4(1)
mean: 2.129 2.129 mean: 2.230 T
*pyrimidine:
2.161(2) 2.134(2)- 1.992(1)-
VEDTABS® [COs(LEYS(F)l(BFa)s  3.194(5) 2.177(2) 2.198(2) ggig% 2.095(1), igg'ggg
mean: 2.169 avg: 2.155 meén' 2353 mean: 2.049 .
i 2.033(5), 1.924(4)
FMPZCO [CozF2(dmpz)s](BF4)2 3.092(2) = = 2.040(5), 2146(4 98.8(2)
2.042(6) A48
" Bu *amine: 1.860
UZEYOO [L®B'Co(u-F)]2 3.062 1.952 - - 1988 105.43
1.974 .
2.127(6)- 2.035(6)-
XUJTOM [CosLa(u-F)2](BFa)10 3.143 - 2.208(13) 2'2033&5))' 2.058(5) iggég
avg: 2.172 : avg: 2.047 :
*amine: 2.143(3) 1.985(2),
BOMTII™ [Coz(u-F)JL,](BF.)2 3.157 2.124(3) 2.249(3) - 2.098(2) 101.24
’ 2.251(3) avg: 2.196
*diketiminate
1.9757(12) 102.44(10)
NASHUL3 [LMeFe(u-F)],  3.0831(6) 2.0081(18) = =
2.0161(17) 1.9774(14) 102.56(9)
y 2.103(3) 2.183(2)
CENJIO [Cux(u-F)o(tmpz)e](BF4),  3.0141(8) - - 2.009(3) 1911(2 94.59(7)
1.965(3) 911(2)
*amine: 2.014 1.918(2
PIBPEV1 [CUzF2(bnpy2)al(PFs),  3.137(1) v 5019 = 2‘232523 97.97
*Schiff-base: 2.154(7)
This work [Co"2(pnNL)s](BF2)s (3) 6.801 giﬁgg 2.160(7) - - -
2.168(7) 2.166(7)
This work [Ca"(py)a(MeCN),](BF4), (4) - - 2.156(8) - - -
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Figure S2. Capped stick and space-filling representations of complex 2, illustrating the -1t
interactions between ligands. Red lines represent the plane of the aromatic ring. The closest
Ce++C distance is 3.616 A.
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Figure S3. Full ORTEP diagram (50% ellipsoids) of [Co"(py)4(MeCN)2](BF4)2 (4) including
disorder model of the BF4 counterions. H’s are not shown for sake of clarity.
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Figure S4. The reciprocol x vs T and e vs T plots for complexes 1 and 2 obtained 1000 G;
filled circles represent experimental data that is well-modeled by the magnetic simulation (red
line). Open black circles are experimental data that deviates from the simulation.



