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Geometry optimization 
Model ligand geometries were optimized with Density Functional Theory (DFT) as described below 
using the B3LYP functional1–3 with DFTD3 dispersion corrections4,5 and the def2-TZVP basis6,7 as 
implemented in ORCA 3.0.2.8 

L1 = -N(SiH3)2 
The Si-N-Si angle and N-Si bond lengths for L1 were taken from average crystallographic values for 
similar species (Si-N-Si = 135(5)° and N-Si = 1.71(4) Å)9–11 and the hydrogen positions were 
optimized. 

L2 = -C(SiH3)3 
The Si-C-Si angles and C-Si bond lengths for L2 were taken from average crystallographic values for 
similar species (Si-C-Si = 115(1)° and C-Si = 1.84(1) Å)12,13 and the hydrogen positions were 
optimized. 

L3 = -CH(SiH3)2  
The Si-C-Si angle and C-Si bond lengths for L3 were taken from average crystallographic values for 
similar species (Si-C-Si = 122(3)° and C-Si = 1.82(2) Å),14–17 the methyl proton fixed with Si-C-H = 
90° and C-H = 1.0 Å and the remaining hydrogen positions were optimized. 
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THF 
The entire molecule was optimized. 

[Sm{C(SiMe3)3}2] (2) 
Hydrogen atoms were added and their positions optimized with Ca2+ as a diamagnetic substituent for 
Sm2+. 

Ab initio calculations 
Ab initio calculations were performed using the CASSCF/RASSI/SINGLE_ANISO approach,18–20 
using MOLCAS 7.8.21–23 For all calculations the Dy atom was treated with the ANO-RCC-VTZP 
basis, the N or C donors and the Si atoms with the ANO-RCC-VDZP basis, while all other atoms 
were treated with treated with the ANO-RCC-VDZ basis.24–27 The two electron integrals were 
Cholesky decomposed with the default thresholds. The 4f9 configuration of DyIII was modelled with a 
complete active space of 9 electrons in 7 orbitals, where 21 sextets, 224 quartets and 158 doublets 
were included in the orbital optimization and 21 sextets, 128 quartets and 130 doublets were mixed by 
spin-orbit coupling. The ab initio results, parameterized by a set of crystal field parameters where the 
z-axis is the main magnetic axis of the ground Kramers doublet,28 were then utilized to estimate the 
energy barriers to the reversal of magnetization, Ueff. 

Ueff barrier construction 
Firstly it is ensured that the crystal field parameters are such that the main magnetic moment of the 
ground Kramers doublet is taken as the quantization axis. Then the magnetic transition probability is 
calculated with PHI29 as the average of the x, y and z magnetic perturbations linking two states, 
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, where !!  and !!  are two 

eigenvectors of the crystal field Hamiltonian. This matrix is symmetric with zeroes on the diagonal. 
The system is initialized in the ground state with negative magnetization along the quantization axis 
and any transition elements involving a decrease in magnetic moment are set to zero. The probability 
of departure from each state is normalized to unity and all possible pathways leading to the positively 
magnetized component of the ground doublet are examined (keeping in mind that steps which 
decrease the magnetization are disallowed). The probability for each pathway is taken as the product 
of the probabilities for each step, normalized such that the sum of the probabilities for all pathways is 
unity. The energy barrier for each pathway is assigned as the maximum energy encountered in that 
pathway and the overall Ueff is then the sum of all possible relaxation pathways weighted by their 
probabilities. It must be stressed that the method used here to estimate the Ueff value for each 
calculation is not strictly correct as this of course neglects the phonon density of states of these 
hypothetical compounds as well as the alteration of the crystal field during vibrational modes. 
However the model is useful in comparison to examine the trends upon complex deformation. 
Furthermore it is noted that the use of truncated model ligands leads to a small alteration of the 
calculated Ueff values: Ueff calculated for 1Dy with this approach yields Ueff = 1837 cm-1, while for a 
comparable complex of L1 Ueff = 2060 cm-1 (θ = 175° and φ = 40°). Likewise for 2Dy and 3Dy, the 
barriers are calculated to be Ueff = 1247 cm-1 and Ueff = 1484 cm-1, respectively, while for comparable 
complexes of L2 Ueff = 1573 cm-1 (θ = 135° and φ = 50°) and Ueff = 1847 cm-1 (θ = 145° and φ = 60°), 
respectively. 
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Table S1. Ab initio calculated electronic states for 2Dy. 

E (cm-1) gx gy gz gz angle (°) 

0 0.0000 0.0000 19.8736 - 

352 0.0013 0.0015 16.9747 0.4 
657 0.0332 0.0379 14.0905 0.3 
907 0.3792 0.3923 11.2272 0.4 

1094 2.5017 2.2152 8.1411 1.1 
1219 8.4877 5.4345 4.2645 0.5 
1318 15.2567 2.2021 1.1156 0.3 
1408 19.5269 0.1921 0.0932 0.4 
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Table S2. Crystal-field calculated electronic states for 2Dy, using the ab initio crystal field 
parameters. 

E (cm-1) gx gy gz gz angle (°) Wavefunctions 

0 0.0000 0.0000 19.9774 - 100% ± 15 2  

350 0.0013 0.0016 17.2191 0.4 98% ± 13 2 + 2% ± 9 2  

657 0.0334 0.0386 14.3976 0.3 94% ± 11 2 + 5% ± 7 2  

908 0.3748 0.3916 11.5364 0.5 
88% ± 9 2 + 10% ± 5 2  

+2% ± 13 2  

1094 2.2575 2.5310 8.3776 1.2 
76% ± 7 2 + 17% ± 3 2  

+5% ± 11 2 + 2% ∓ 1 2  

1218 8.5837 5.5547 4.3417 0.4 

34% ± 5 2 + 21% ∓ 5 2  

+17% ± 1 2 + 12% ∓ 1 2  

+5% ± 9 2 + 3% ∓ 9 2 + 3% ∓ 7 2  

+2% ± 7 2 + 2% ± 3 2 + 2% ∓ 3 2  

1316 15.3925 2.1481 1.0951 0.3 

47% ± 3 2 + 23% ∓ 5 2  

+13% ∓ 1 2 + 11% ± 7 2  

+3% ∓ 3 2 + 2% ∓ 9 2  

+1% ± 1 2 + 2% ± 5 2  

1408 19.6698 0.1701 0.0840 0.4 

53% ± 1 2 + 28% ∓ 3 2  

+10% ± 5 2 + 3% ∓ 7 2  

+3% ∓ 1 2 + 2% ± 3 2 + 1% ∓ 5 2  
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Table S3. Ab initio calculated crystal field parameters for 2Dy. 

Parameter Value (cm-1) 

!!!! 2.01962721927927E-01 
!!!! 9.90535471369045E-02 
!!! -7.97415315824689E+00 
!!! 9.45043914084932E-02 
!!! 3.09623722913212E+00 
!!!! 2.55865420502294E-03 
!!!! 2.94433661425981E-04 
!!!! 2.32410301921615E-03 
!!!! -5.60993397492546E-04 
!!! -2.34093970354183E-03 
!!! 1.04610326782185E-03 
!!! 1.35613368433382E-02 
!!! 1.24933000434739E-02 
!!! -1.52335628295406E-03 
!!!! -2.58151378671642E-05 
!!!! -3.74582627683468E-05 
!!!! -3.78467505427757E-05 
!!!! -1.09824415321907E-05 
!!!! -2.61195638356284E-07 
!!!! -3.81531217138823E-06 
!!! 1.06249156432690E-05 
!!! -2.25869579446961E-05 
!!! -1.25083861866480E-04 
!!! 2.43263765905571E-06 
!!! 1.46628048009982E-05 
!!! -5.73140016168279E-05 
!!! -7.58183352474061E-07 
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Table S4. Ab initio calculated electronic states for 3Dy. 

E (cm-1) gx gy gz gz angle (°) 

0 0.0000 0.0000 19.8900 - 
413 0.0007 0.0008 17.0056 0.7 
782 0.0167 0.0181 14.1508 0.3 

1079 0.2129 0.2202 11.3113 1.3 
1290 1.8349 1.8075 8.2396 4.0 
1418 7.7901 6.3410 4.1462 1.9 
1518 15.1435 2.1177 0.8969 0.4 
1645 19.5646 0.0545 0.0278 0.5 

 

  



	
   	
  

S7	
  
	
  

Table S5. Crystal-field calculated electronic states for 3Dy, using the ab initio crystal field 
parameters. 

E (cm-1) gx gy gz gz angle (°) Wavefunctions 

0 0.0000 0.0000 19.9888 - 100% ± 15 2  

410 0.0007 0.0008 17.2774 0.8 99% ± 13 2 + 1% ± 9 2  

784 0.0155 0.0171 14.5132 0.3 97% ± 11 2 + 3% ± 7 2  

1080 0.2095 0.2202 11.6693 1.3 
92% ± 9 2 + 7% ± 5 2  

+1% ± 13 2  

1289 1.8246 1.8611 8.5109 3.8 
80% ± 7 2 + 15% ± 3 2  

+3% ± 11 2 + 1% ∓ 1 2  

1415 7.8311 6.3969 4.2759 1.6 
56% ± 5 2 + 30% ± 1 2  

+5% ± 9 2 + 4% ∓ 3 2 + 4% ∓ 7 2  

1516 15.2198 2.1256 0.9183 0.4 

40% ± 3 2 + 20% ∓ 5 2  

+10% ∓ 1 2 + 10% ∓ 3 2  

+8% ± 7 2 + 4% ± 5 2 + 4% ± 1 2  

+2% ∓ 7 2 + 1% ∓ 9 2  

1645 19.6974 0.0544 0.0279 0.3 

51% ± 1 2 + 28% ∓ 3 2  

+11% ± 5 2 + 3% ± 3 2  

+3% ∓ 7 2 + 3% ∓ 1 2 + 1% ∓ 5 2  
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Table S6. Ab initio calculated crystal field parameters for 3Dy. 

Parameter Value (cm-1) 

!!!! -1.54497001881025E-02 
!!!! 1.60949328578478E-02 
!!! -9.33457494690100E+00 
!!! 1.92878051778270E-01 
!!! 3.09394290563682E+00 
!!!! 3.07220302128604E-04 
!!!! 3.81913879110261E-04 
!!!! -4.06823584071651E-04 
!!!! 5.97986290483851E-04 
!!! -3.17331013820649E-03 
!!! 2.03510214939157E-03 
!!! 7.92115989320873E-03 
!!! 1.51186002032762E-02 
!!! 6.69929061801084E-04 
!!!! 3.85332707821224E-06 
!!!! 1.19499993568456E-05 
!!!! -6.17502794576279E-06 
!!!! -1.54198236037387E-05 
!!!! 1.78740571440496E-06 
!!!! -1.45391436271930E-05 
!!! 1.81386270585825E-05 
!!! -5.27156054171306E-05 
!!! -8.73350847517333E-05 
!!! -7.77107936900869E-06 
!!! -2.69589025010664E-05 
!!! -5.02559403686099E-05 
!!! 2.60302918806461E-05 
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Figure S1. Calculated barrier to magnetization reversal Ueff as a function of the Dy-E bond length r, 
for θ = 180° and φ = 90°. 
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Figure S2. Relative energy of the S = 5/2 CASSCF wavefunction as a function of the Dy-E bond 
length r, for θ = 180° and φ = 90°. 
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Figure S3. Relative energy of the S = 5/2 CASSCF wavefunction as a function of the E-Dy-E bending 
angle θ, averaged for all torsion angles φ. Error bars are one standard deviation from the mean of the 
torsion angles φ. 
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Figure S4. Zero-field magnetic transition probabilities within the ground multiplet for 2Dy. The x-
axis shows the magnetic moment of each state along the main magnetic axis of the molecule. 
Relaxation commences from the − 15 2  state and only includes pathways which reverse the 
magnetization. The transparency of each arrow is proportional to the normalized transition 
probability. Inset: main magnetic axis of the ground Kramers doublet for 2Dy (blue rod), Dy = green, 
Si = pink, C = grey and H = white. 
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