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Crystallography

Table S1. Crystallographic and refinement parameters for compounds 1 - 5

[YCL,(Py)s] YCI(THF)s [Y(O'Bu)CI(THF)s5]BPh,-
BPh, - THF BPh,- 0.5THF 2THF
(1) (2) (3)
Reference This work This work 1,2
Sum formula C4oH4sBCLLNY C46HgsBC,055Y YCs¢HgsBClOg
Formula weight (g/mol) 874.5 875.59 1021.4
Crystal system Orthorhombic Triclinic Monoclinic
Space group Pca2q P1 P21/n
T (K) 150 150 100
a(A) 19.8587(16) 12.5396(6) 13.6356(17)
b (&) 12.5584(10) 12.7786(6) 12.4340(15)
c(A) 18.0227(17) 29.3605(15) 32.618(4)
a(?) 90 79.595(4) 90
B(°) 90 79.953(4 90.434(2)
vy () 90 82.294(4) 90
Vv (43) 4494.7(7) 4528.2(4) 5530.0(12)
Z 4 4 4
| Pearc (g cm3) 1.292 1.284 1.227
4 (mm™) 1.455 1.450 1.153
Fooo 1808 1848 2184
0 () 3.4450 -20.4830 3.150 - 27.266 2.22 -23.43
Goodness of fit 1.055 1.014 1.049
Ry (%) 8.06 6.01 5.85
wR; (%) 8.91 12.51 15.78




Table S1 continued. Crystallographic and refinement parameters for compounds 1 -5

[Y(OArFs),(Py)s] [Y(*BuPO(NHPr),), [GA(*BuPO(NHPr),),
B(ArFs),-0.5C¢Hyy (H20)5][1]5-H,0 (H20)5][1]5-H,0
4 -2(*‘BuPO(NHPr), -2(*BuPO(NHPr),
(5) (5b)

Reference This work 3 This work
Sum formula YCe4H3,BF3,N50, YCy4oH11213Ng010Py GdCyoH11213Ng010Py
Formula weight (g/mol) 1572.7 1458.9 1527.20
Crystal system Triclinic Triclinic Triclinic
Space group P1 P1 P1
T (K) 150 120 120
a(h) 11.9649(8) 13.7506(13) 13.7931(11)
b (A) 14.5150(10) 14.727(2) 14.7302(9)
c(h) 19.4283(16) 20.641(2) 20.712(2)
a(?) 73.514(7) 92.293(14) 92.658(17)
B(°) 77.693(6) 108.245(10) 108.510(13)
vy (©) 79.769(6) 114.902(8) 114.902(5)
V(A3 3136.3(4) 3528.3(7) 3539.3(6)
A 2 2 2

| Peaic (g cm3) 1.665 1.373 1.433
4 (mm) 1.069 2.275 2.381
Fooo 1562 1492 1542
0 (°) 2.712-28.961 2.205-25.250 2.659-25.250
Goodness of fit 1.064 1.060 1.080
Ry (%) 9.36 3.36 3.45
wR; (%) 22.89 7.62 8.60




Table S2. Selected bond lengths (A) and angles (°)

12 | 2P 3¢ 42 5¢
Y-X bonds (axial)
Y1-Cl1 2.574(3) 2.5653(9) 2.6608(11)
Y1-CI2 2.576(3) 2.5675(9)
Y2-CI3 2.5842(9)
Y2-Cl4 2.5649(10)
Y1-01 2.042(3) 2.143(4) 2.206(2)
Y1-02 2.150(4) 2.201(2)
Y - E bonds (equatorial)
Y1-E1 2.514(7) 2.394(2) 2.522(5)
Y1-E2 2.536(8) 2.387(2) 2.421(3) 2.506(5)
Y1-E3 2.506(9) 2.382(2) 2.414(3) 2.500(5)
Y1-E4 2.509(6) 2.382(2) 2.418(3) 2.523(5)
Y1-E5 2.516(8) 2.396(2) 2.412(3) 2.512(6) 2.3478(14)
Y1-06 2.390(3) 2.3421(13)
Y1-07 2.3428(15)
Y1-08 2.355(2)
Y1-09 2.3465(18)
Y2-06 2.391(2)
Y2-07 2.369(2)
Y2-08 2.411(2)
Y2-09 2.383(2)
Y2-010 2.368(2)
X-Y-X angles (axial)
Cl1-Y1-CI2 177.42(8) 176.43(3)
Cl13-Y2-Cl4 179.61(3)
01-Y1-Cl1 178.72(8)
01-Y1-02 178.59(17) 175.02(8)
Angles at Y involving equatorial atoms
Range 69.7(2) - 71.47(8) - 71.43(10) - 70.94(16) - 70.57(7) -
nearest E-Y- 74.1(3) 72.46(8) 72.82(10) 73.67(18) 73.37(9)
E
Range CI-Y-E 88.0(2) - 86.36(6) - 83.91(7) -
93.0(2) 94.68(6) 89.16(7)
Range 0,,-Y- 90.20(10) - 84.06(16) - 86.03(8) -
Eeq 95.59(10) 97.33(17) 94.51(8)

o op

two molecules in the asymmetric unit




[GACl,(Py)s]BPh,-THF (1)

2[GACL,(THF)s]2BPh,- THF (2)

Site 1

Site 2

[Y(O'Bu)CI(THF)s]BPh,-2THF (3)

[Y(OArFs)2(Py)s]B(ArFs),-0.5CsH14(4)

[Y(tBuPO(NHipr)Z)z(Hzo)s] [I] 3'H20'2 (tBuPO(NH
Pr), (5)

Figure S1. Solid state structures of the 5 complexes, excluding counterions and solvent. Colour code: Gd/Y=magenta,
=yellow, Cl=light green, F=dark green, O=red, N=Blue and C=grey. Hydrogen is not shown



EPR spectroscopy
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Figure S2. Spectra (black) and simulations (red) of 2 at X (top), K (middle) and Q-band (bottom). Fitted with the spin
Hamiltonian of equation 1 without the B % term (See manuscript for discussion).

Table S3. Best fit spin Hamiltonian parameters for 2 from fit of EPR spectra using spin Hamiltonian containing
BR. Numbers in parenthesis are estimated standard deviations of the last digit.

5
g1 gy B3 BY B3
102 cm™? 105 cm? 105 cm?
2 1.9910(2) - 3.761(1) -0.921.2(41) 5.0(4)
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Figure S3. Spectra (black) and simulations (red) of neat GdCl,(THF)s at X (top) and K (bottom). Simulated with S=1/2.



Table $4. Best fit spin Hamiltonian parameters for 5b from fit of X- and Q-band EPR spectra. Numbers in parenthesis

are estimated standard deviations of the last digit.

g1 gi B} B} B{ B} AE BY/AE

5 102cm? | 105em? | 107 cm? | 105 cm?? (cm?) (10%)
X-band | 1.988(4) | 1.997(7) | 1.47(2) | -03(2) | -4(1) | 72(7) | 0527 14
Q-band* | 1.989(3)* | 1.995(6)* | 1.6(1) | -3(1) “4(5) 6(2) 0.58 10

*not field corrected




Parameter conversion

In order to convert the P{ parameters obtained via the multi purpose EPR fitting program to

the Bf parameters as originally defined by Stevens we used the relation.*>

. PL [(2S + k + 1)!
B q.Wybourne = ? W

Which results in parameters normalised in Wybourne’s notation. These were then divided by

the ratios listed in Table S4 to convert them to Stevens parameters.®

k
B q,Wybourne
B %,S tevens — 1
k,q

Table S5. Conversion factors between Stevens and Wybourne normalised parameters.

k q Al

2 0 2

2 2
\/6

4 0 8

6 16

6 —8

377




Ground state compositions

Table S6. Composition of the eigenstates of 1 in the ms state basis.

ms\E(cm-") 0.000 0.000 0.227 0.227 0.671 0.671 1.308 1.308

-35 0.00016 99.99984

-2.5 100

99.9998
-1.5 4 0.00016

-0.5 100

0.5 100

99.9998
1.5 4 0.00016

25 100

3.5 0.00016 99.99984

Table S7. Composition of the eigenstates of 2 in the ms state basis.

ms\E(cm™') 0.000 0.000 0.234 0.234 0.693 0.693 1.356 1.356

-3.5 0.0153 99.9847

-2.5 100

-1.5 99.9847 0.0153

-0.5 100

0.5 100

1.5 99.9847 0.0153

2.5 100

3.5 0.0153 99.9847

Table $8. Composition of the eigenstates of 2 in the ms state basis using alternative spin-hamiltonian.

ms\E(cm™") 0.000 0.000 0.234 0.234 0.691 0.691 1.357 1.357
99.9944

-3.5 0.00001 0.00554 4

99.9683
-2.5 0.03139 0.00026 3 0.00001

99.6280
-1.5 0.00005 | 0.36631 5 0.00003 | 0.00556
-0.5 990.58996 | 0.01228 | 0.36614 0.03163
99.5899
0.5 0.01228 6 0.36614 0.03163
99.6280

1.5 0.36631 | 0.00005 5 0.00003 0.00556




25

0.03139

0.00026

0.00001

99.96833

3.5

0.00001

0.00554
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Table S9. Composition of the eigenstates of 3 in the ms state basis.

ms\E(cm")

0.000

0.000

0.123

0.123

0.356

0.356

0.673

0.673

-3.5

0.0071

99.9929

-2.5

100

-1.5

99.9929

0.0071

-0.5

100

0.5

100

1.5

99.9929

0.0071

25

100

3.5

0.0071

99.9929

Table S10. Composition of the eigenstates of 4 in the mg state basis.

ms\E(cm™')

0.0000

0.0000

0.0551

0.0551

0.2078

0.2078

0.3611

0.3611

-3.5

0.4964

99.5036

-2.5

100

-1.5

99.5036

0.4964

-0.5

100

0.5

100

1.5

99.5036

0.4964

2.5

100

3.5

0.4964

99.5036

Table S2. Composition of the eigenstates of 5b in the ms state basis.

ms\E(cm™')

0.000

0.000

0.106

0.106

0.323

0.323

0.568

0.568

-3.5

0.1624

99.8376

-2.5

100

-1.5

99.8376

0.1624

-0.5

100

0.5

100

1.5

99.8376

0.1624

2.5

100




3.5

| 01624 |

99.8376
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