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Fig. S1 XRPD curves of 1-3 (a to c).

Table S1 Bond lengths and bond angles for 1.
1

Dy(1)-O(6) 2.313(9) O(6)-Dy(1)-O(3) 74.2(3)
Dy(1)-O(4) 2.319(10) O(4)-Dy(1)-O(3) 72.0(3)
Dy(1)-O(2) 2.328(9) O(2)-Dy(1)-O(3) 73.9(3)
Dy(1)-O(5) 2.329(9) O(5)-Dy(1)-O(3) 133.4(3)
Dy(1)-O(1) 2.331(8) O(1)-Dy(1)-O(3) 126.3(3)
Dy(1)-O(3) 2.346(9) O(6)-Dy(1)-N(1) 100.7(3)
Dy(1)-N(1) 2.519(10) O(4)-Dy(1)-N(1) 145.1(3)
Dy(1)-N(2) 2.530(10) O(2)-Dy(1)-N(1) 87.8(3)

O(6)-Dy(1)-O(4) 87.2(3) O(5)-Dy(1)-N(1) 75.3(3)
O(6)-Dy(1)-O(2) 136.7(3) O(1)-Dy(1)-N(1) 75.0(3)
O(4)-Dy(1)-O(2) 109.6(3) O(3)-Dy(1)-N(1) 142.8(3)
O(6)-Dy(1)-O(5) 72.1(3) O(6)-Dy(1)-N(2) 75.8(3)
O(4)-Dy(1)-O(5) 75.0(3) O(4)-Dy(1)-N(2) 150.6(3)
O(2)-Dy(1)-O(5) 149.8(3) O(2)-Dy(1)-N(2) 70.7(3)
O(6)-Dy(1)-O(1) 151.3(3) O(5)-Dy(1)-N(2) 120.2(3)



O(4)-Dy(1)-O(1) 81.9(3) O(1)-Dy(1)-N(2) 123.7(3)
O(2)-Dy(1)-O(1) 72.0(3) O(3)-Dy(1)-N(2) 80.3(3)
O(5)-Dy(1)-O(1) 79.4(3) N(1)-Dy(1)-N(2) 63.0(3)

Table S2 Bond lengths and bond angles for 2.
2

Dy1-K1 3.9419(7) F4-K1-F41 180
Dy1-O1 2.347(6) F10-K1-F2 118.9(2)
Dy1-O2 2.350(7) F10-K1-F21 61.1(2)
Dy1-O3 2.388(7) F101-K1-F2 61.1(2)
Dy1-O4 2.336(7) F101-K1-F21 118.9(2)
Dy1-O5 2.370(8) F10-K1-F41 59.2(2)
Dy1-O6 2.315(8) F101-K1-F41 120.8(2)
Dy1-O7 2.379(7) F10-K1-F4 120.8(2)
Dy1-O8 2.318(7) F101-K1-F4 59.2(2)
K1-F21 2.983(7) F101-K1-F10 180
K1-F2 2.983(7) O11-K1-F21 56.11(18)
K1-F41 3.023(8) O11-K1-F2 123.89(18)
K1-F4 3.023(8) O1-K1-F2 56.11(18)
K1-F10 2.939(7) O1-K1-F21 123.89(18)
K1-F101 2.939(7) O11-K1-F4 74.4(2)
K1-O11 2.777(7) O1-K1-F41 74.4(2)
K1-O1 2.777(7) O11-K1-F41 105.6(2)
K1-O31 2.936(7) O1-K1-F4 105.6(2)
K1-O3 2.936(7) O1-K1-F10 106.6(2)
K1-O71 2.831(7) O11-K1-F101 106.6(2)
K1-O7 2.831(7) O11-K1-F10 73.4(2)

O1-Dy1-K1 43.88(17) O1-K1-F101 73.4(2)
O1-Dy1-O2 72.8(2) O11-K1-O1 180
O1-Dy1-O3 76.6(3) O11-K1-O3 118.2(2)
O1-Dy1-O5 113.4(3) O1-K1-O3 61.8(2)
O1-Dy1-O7 79.4(2) O11-K1-O31 61.8(2)
O2-Dy1-K1 99.85(17) O1-K1-O31 118.3(2)
O2-Dy1-O3 80.2(3) O11-K1-O7 114.8(2)
O2-Dy1-O5 73.6(3) O1-K1-O71 114.8(2)
O2-Dy1-O7 145.1(2) O1-K1-O7 65.2(2)
O3-Dy1-K1 47.90(16) O11-K1-O71 65.2(2)
O4-Dy1-K1 119.02(18) O31-K1-F21 109.4(2)
O4-Dy1-O1 139.2(3) O3-K1-F2 109.44(19)
O4-Dy1-O2 76.6(2) O3-K1-F21 70.56(19)
O4-Dy1-O3 72.1(2) O31-K1-F2 70.56(19)
O4-Dy1-O5 82.2(3) O31-K1-F4 128.22(19)



O4-Dy1-O7 114.5(3) O3-K1-F4 51.77(19)
O5-Dy1-K1 156.4(2) O3-K1-F41 128.23(19)
O5-Dy1-O3 146.8(3) O31-K1-F41 51.77(19)
O5-Dy1-O7 138.5(3) O3-K1-F10 107.41(19)
O6-Dy1-K1 90.82(19) O31-K1-F101 107.41(19)
O6-Dy1-O1 73.1(3) O31-K1-F10 72.59(19)
O6-Dy1-O2 115.8(3) O3-K1-F101 72.59(19)
O6-Dy1-O3 138.6(3) O31-K1-O3 180
O6-Dy1-O4 146.2(3) O71-K1-F21 114.2(2)
O6-Dy1-O5 72.7(3) O71-K1-F2 65.8(2)
O6-Dy1-O7 74.2(3) O7-K1-F21 65.8(2)
O6-Dy1-O8 80.4(3) O7-K1-F2 114.2(2)
O7-Dy1-K1 45.33(16) O71-K1-F4 79.1(2)
O7-Dy1-O3 73.0(2) O71-K1-F41 100.9(2)
O8-Dy1-K1 116.87(17) O7-K1-F41 79.1(2)
O8-Dy1-O1 145.6(3) O7-K1-F4 100.9(2)
O8-Dy1-O2 140.1(2) O71-K1-F10 126.56(18)
O8-Dy1-O3 112.4(3) O71-K1-F101 53.44(18)
O8-Dy1-O4 72.4(3) O7-K1-F101 126.56(18)
O8-Dy1-O5 77.8(3) O7-K1-F10 53.44(18)
O8-Dy1-O7 72.5(2) O7-K1-O31 121.1(2)
F2-K1-F21 180 O7-K1-O3 58.9(2)
F2-K1-F41 59.7(2) O71-K1-O31 58.9(2)
F21-K1-F4 59.7(2) O71-K1-O3 121.1(2)
F2-K1-F4 120.3(2) O71-K1-O7 180

F21-K1-F41 120.3(2)
 
Table S3 Bond lengths and bond angles for 3.
3

Dy(1)-O(1) 2.296(7) O(2)-Dy(1)-N(2) 71.0(3)
Dy(1)-O(3) 2.302(7) O(5)-Dy(1)-N(2) 83.7(3)
Dy(1)-O(6) 2.308(8) O(1)-Dy(1)-N(1) 74.9(3)
Dy(1)-O(4) 2.311(7) O(3)-Dy(1)-N(1) 135.4(3)
Dy(1)-O(2) 2.318(7) O(4)-Dy(1)-N(1) 149.4(3)
Dy(1)-O(5) 2.364(7) O(6)-Dy(1)-N(1) 82.6(2)
Dy(1)-N(2) 2.554(8) O(2)-Dy(1)-N(1) 114.4(3)
Dy(1)-N(1) 2.590(7) O(5)-Dy(1)-N(1) 72.1(3)
Dy(2)-O(10) 2.301(8) O(10)-Dy(2)-O(12) 82.0(3)
Dy(2)-O(12) 2.330(8) O(10)-Dy(2)-O(11) 81.8(3)
Dy(2)-O(11) 2.318(9) O(12)-Dy(2)-O(11) 71.9(3)
Dy(2)-O(9) 2.327(9) O(10)-Dy(2)-O(9) 73.2(3)
Dy(2)-O(8) 2.320(7) O(12)-Dy(2)-O(9) 143.1(3)
Dy(2)-O(7) 2.381(8) O(11)-Dy(2)-O(9) 77.8(3)



Dy(2)-N(6) 2.543(9) O(10)-Dy(2)-O(8) 74.3(3)
Dy(2)-N(5) 2.551(8) O(12)-Dy(2)-O(8) 74.2(3)

O(1)-Dy(1)-O(3) 143.5(3) O(11)-Dy(2)-O(8) 140.7(3)
O(1)-Dy(1)-O(6) 79.4(3) O(9)-Dy(2)-O(8) 122.5(3)
O(3)-Dy(1)-O(6) 118.3(3) O(10)-Dy(2)-O(7) 103.4(3)
O(1)-Dy(1)-O(4) 83.2(3) O(12)-Dy(2)-O(7) 141.8(3)
O(3)-Dy(1)-O(4) 73.8(3) O(11)-Dy(2)-O(7) 146.1(3)
O(4)-Dy(1)-O(6) 72.5(3) O(9)-Dy(2)-O(7) 72.0(3)
O(1)-Dy(1)-O(2) 72.1(2) O(8)-Dy(2)-O(7) 71.2(3)
O(3)-Dy(1)-O(2) 75.4(3) O(10)-Dy(2)-N(6) 145.7(3)
O(4)-Dy(1)-O(2) 77.5(3) O(12)-Dy(2)-N(6) 111.1(3)
O(6)-Dy(1)-O(2) 140.6(3) O(11)-Dy(2)-N(6) 73.2(3)
O(1)-Dy(1)-O(5) 138.8(2) O(9)-Dy(2)-N(6) 78.8(3)
O(3)-Dy(1)-O(5) 77.5(3) O(8)-Dy(2)-N(6) 139.0(3)
O(4)-Dy(1)-O(5) 115.1(3) O(7)-Dy(2)-N(6) 85.9(3)
O(6)-Dy(1)-O(5) 72.6(3) O(10)-Dy(2)-N(5) 149.3(3)
O(2)-Dy(1)-O(5) 145.2(3) O(12)-Dy(2)-N(5) 77.2(3)
O(1)-Dy(1)-N(2) 103.1(3) O(11)-Dy(2)-N(5) 112.1(3)
O(3)-Dy(1)-N(2) 81.4(3) O(9)-Dy(2)-N(5) 135.2(3)
O(4)-Dy(1)-N(2) 143.9(3) O(8)-Dy(2)-N(5) 78.4(3)
O(6)-Dy(1)-N(2) 143.5(3) O(7)-Dy(2)-N(5) 80.6(3)

Table S4 DyIII ion geometry analysis by SHAPE 2.1 software.

Configuration ABOXIY,
1

ABOXIY, 
2

ABOXIY,
3Dy1

ABOXIY,
3Dy2

Octagon(D8h) 30.583 29.707 30.961 31.484
Heptagonal pyramid(C7v) 23.031 23.736 21.180 23.014

Hexagonal bipyramid(D6h) 13.824 15.949 15.004 16.236
Cube(Oh) 7.452 8.592 8.965 9.768

Square antiprism (D4d) 1.552 0.247 0.740 0.910
Triangular dodecahedron (D2d) 0.702 2.269 1.811 1.730

Johnson gyrobifastigium J26 (D2d) 15.424 16.286 15.406 15.113
Johnson elongated triangular 

bipyramid J14 (D3h)
28.336 29.181 27.911 28.116

Biaugmented trigonal prism J50 
(C2v)

2.832 2.926 2.482 2.455

Biaugmented trigonal prism (C2v) 2.241 2.341 2.043 1.605
Snub siphenoid J84 (D2d) 3.798 5.390 4.829 4.606
Triakis tetrahedron(Td) 8.204 9.388 9.792 10.582



Elongated trigonal bipyramid(D3h) 23.012 24.142 24.335 23.994

Table S5 K (I) ion geometry analysis by SHAPE 2.1 software.

Configuration ABOXIY, 2K

Dodecagon (D12h) 34.311
Hendecagonal pyramid(C11v) 28.356
Decagonal bipyramid(D10h) 15.497

Hexagonal prism(D6h) 8.298
Hexagonal antiprism(D6d) 14.369
Truncated tetrahedron (Td) 13.237

Cuboctahedron (Oh) 2.979
Anticuboctahedron J27(D3h) 4.717

Icosahedron (Ih) 2.069
Johnson square cupola J4(C4v) 20.489

Johnson elongated pentagonal bipyramid J16(D6h) 7.932
Biaugmented pentagonal prism J53(C2v) 13.200

Sphenomegacorona J88(Cs) 17.658
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(a)                                (b)

Fig. S1 Magnetic hysteresis loops for compounds 1 (a) and 3 (b), respectively.

  

(a)                             (b)
Fig. S2 Temperature dependence of the in-phase (χ′, a) and out-of-phase (χ″, b) ac 
susceptibility signals under 0 Oe dc field for 1.

  (a)                             
(b)

Fig. S3 Temperature dependence of the in-phase (χ′, a) and out-of-phase (χ″, b) ac 
susceptibility signals under 0 Oe dc field for 2.



   

(a)                             (b)
Fig. S4 Temperature dependence of the in-phase (χ′, a) and out-of-phase (χ″, b) ac 
susceptibility signals under 0 Oe dc field for 3.

   
(a)                             (b)

Fig. S5 Plots of the frequency-dependent in-phase (a) and out-of-phase (b) ac 
susceptibility at indicated temperatures for 2. 

  

 (a)                                (b)

Fig. S6 Cole–Cole diagrams with red solid lines as Debye fits for 1 (a) and 3 (b), 
respectively.



  
(a)                                 (b)

Fig. S7 Fitting of frequency dependence of relaxation time under 0 Oe dc field for 1 (a) 
and 3 (d).

     
(a)                                  (b)

Fig. S8 Fitting of frequency dependence of relaxation time under 0 Oe dc field for 1 (a) 
and 3 (b).

 
4. Relaxation fitting parameters of 1 and 3

The magnetic susceptibility data of 1 and 3 under a zero dc field were described by the 

modified Debye functions:
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Table S6 Relaxation fitting parameters from Least-Squares Fitting of χ(ω) data for 1 
under a zero applied dc field.

T Δχ1 (cm3mol-1) Δχ2 (cm3mol-1) τ(s) α
2 0.983532E+00 0.102372E+02 0.636214E-03 0.120707E+00

2.2 0.877062E+00 0.946374E+01 0.632538E-03 0.124239E+00
2.4 0.770546E+00 0.866756E+01 0.629372E-03 0.126738E+00
2.6 0.698238E+00 0.803123E+01 0.626111E-03 0.128596E+00
2.8 0.641316E+00 0.747214E+01 0.625104E-03 0.129681E+00
3 0.624238E+00 0.728084E+01 0.616214E-03 0.129649E+00

3.2 0.550759E+00 0.657650E+01 0.618803E-03 0.132735E+00
3.4 0.512913E+00 0.620566E+01 0.614080E-03 0.134195E+00
3.6 0.493857E+00 0.587573E+01 0.611164E-03 0.133591E+00
3.8 0.470212E+00 0.558001E+01 0.605921E-03 0.134295E+00
4 0.450917E+00 0.531156E+01 0.598924E-03 0.133974E+00

4.2 0.432325E+00 0.506660E+01 0.591299E-03 0.134823E+00
4.5 0.405041E+00 0.474123E+01 0.577360E-03 0.135353E+00
5 0.369947E+00 0.428356E+01 0.551649E-03 0.134736E+00

5.5 0.350855E+00 0.390603E+01 0.527635E-03 0.130152E+00
6 0.338212E+00 0.358603E+01 0.504476E-03 0.125414E+00

6.5 0.311197E+00 0.331829E+01 0.479174E-03 0.120318E+00
7 0.296681E+00 0.308618E+01 0.451865E-03 0.114586E+00

7.5 0.280323E+00 0.288362E+01 0.425154E-03 0.105898E+00
8 0.263316E+00 0.270553E+01 0.394531E-03 0.961469E-01
9 0.248838E+00 0.240956E+01 0.320753E-03 0.715124E-01
10 0.246896E+00 0.216867E+01 0.215905E-03 0.446681E-01

Table S7 Relaxation fitting parameters from Least-Squares Fitting of χ(ω) data for 3 
under a zero applied dc field.

T Δχ1 (cm3mol-1) Δχ2 (cm3mol-1) τ(s) α
2 0.185550E+00 0.317884E+01 0.925102E-03 0.266784E+00

2.2 0.170850E+00 0.288622E+01 0.916392E-03 0.264696E+00
2.4 0.158753E+00 0.264416E+01 0.907133E-03 0.262524E+00
2.6 0.145156E+00 0.243583E+01 0.895439E-03 0.261895E+00
2.8 0.138553E+00 0.226293E+01 0.885056E-03 0.258568E+00
3 0.136412E+00 0.228612E+01 0.8719226E-03 0.271652E+00



3.2 0.123162E+00 0.198348E+01 0.862860E-03 0.255475E+00
3.4 0.116027E+00 0.186665E+01 0.849252E-03 0.253949E+00
3.6 0.111270E+00 0.176254E+01 0.836905E-03 0.251964E+00
3.8 0.106701E+00 0.166932E+01 0.822410E-03 0.249706E+00
4 0.102304E+00 0.158522E+01 0.807290E-03 0.247897E+00

4.5 0.930493E-01 0.140774E+01 0.765119E-03 0.242585E+00
5 0.864061E-01 0.126604E+01 0.719709E-03 0.236547E+00

5.5 0.810821E-01 0.114932E+01 0.668790E-03 0.229794E+00
6 0.768344E-01 0.105254E+01 0.615543E-03 0.223005E+00
7 0.734337E-01 0.900058E+00 0.509261E-03 0.208746E+00
8 0.688963E-01 0.786364E+00 0.401615E-03 0.199448E+00
9 0.716034E-01 0.697934E+00 0.310514E-03 0.191284E+00
10 0.777849E-01 0.627784E+00 0.237063E-03 0.186805E+00

Theoretical methods and computational details

This section is supposed to be included in ESI.

Multiconfigurational ab initio calculations, including spin-orbit coupling (SOC), 

were performed on the experimental structures of the complexes here to explore their 

SMM propertiesy. This type of calculation includes two steps: 1 1) a set of spin 

eigenstates, are obtained by the state-averaged (SA) CASSCF method; 2 2) the low-

lying SOC states, i.e., Kramers doublets (KD) herein, are obtained by state interaction 

which is the diagonalization of the SOC matrix in the space spanned by the spin 

eigenstates from the first step. In the CASSCF step, the active space consisted of 9 

electrons in 7 orbitals and all the spin eigenstates of 21 sextets were included. Due to 

the hardware limitation, other highly excited quartets and doublets were not considered. 

The step of state interaction were performed by the RASSI-SO module 3 with the SOC 

integrals from the AMFI method. 4 The ANO-RCC basis sets, 5–7 including VTZP for 

Dy, VDZ for C and H as well as VDZP for other atoms, were used. All the calculations 

were carried out with the MOLCAS@UU, a version of MOLCAS 8.010,11 which is 

freely distributed for academic users. The SINGLE ANISO module 8,9, developed by 

Chibotaru and et al, was used to obtain the g-tensors, transition magnetic moments 

ameters characterizing the magnetic anisotropy.
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