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An Approach to Estimate the Barrier Height for Magnetization Reversal in {Dy,} SMMs

Using Ab initio Calculations
Sourav Dey and Gopalan Rajaraman*
Computational Details:

The relationship between structure and magnetic properties is a critical aspect of molecular
magnetism. Sometimes the ferromagnetic to antiferromagnetic transition with structure is not
clear. In this regard, ab initio calculation plays a significant role to predict the magnetic
coupling. First, the CASSCF/RASSI-SO/SINGLE ANISO! calculation is being performed
with CAS(9,7) active space on each one Dy(IIl) centres with replacing the neighbouring
Dy(III) ion with a diamagnetic analogue such as Lu in MOLCAS programme package.?S The
basis set for the calculation has been taken from the ANO-RCC library implemented in the
MOLCAS programme package.”? The calculation provides the single-ion anisotropy of the
individual Dy(IIl) centre. Thereafter, the metal ions are coupled using POLY ANISO to
estimate the magnetic exchange.® It interfaces with the single-ion anisotropy information of the
metal ions from SINGLE ANISO to fit the temperature-dependent magnetic susceptibility
(xmT va T) and field dependent magnetisation (M vs H). A good fit in the corresponding plot

yields the correct magnetic exchange. The magnetic exchange is computed by the following

two Hamiltonian, H= = Jiines 515, and H= -] Isin9321322 . The first one uses true spin (
S =5/2) of the Dy(Ill) ions to compute the magnetic exchange using lines model while the
second one uses pseudospin (3 = 1/2) of the Dy(III) ions to calculate the magnetic exchange
between Dy(III) ions considering the Ising interaction.”> 8 Therefore the computed exchange
from the two models is related to a factor of 25. In our manuscript, we have followed the first

formalism (lines model) if not mentioned otherwise.



Classification of Dy dimer based on ligand backbone and bridging group:

Table S1: The {Dy,} SMM with U,y and computed relaxation parameters (all values in cm™).

The QTM/TA-QTM of the (x-1)" KD has been provided if it relaxes via xt KD.

QTM/TA- | QTM/TA-
Complex Local Uca Ucal
Class Uesr QTM QTM J Ucaerr | Ref
(CSD ref Code) Symmetr Dyl Dy2
[(n*-Cp)a(thf)Dy(u-Cl)], - 9
a RV Ds, 340 | 976 | 976 | 0.0093 00093 | 1o | 198
[(m>-Cp).Dy(u-Ch], - 9
a v T, 26.0 | 3834 | 3834 | 00148 0.0148 | 100 | 503
[{Cp’2Dy(u-SSiPhs)},] - 10
a oV T, 133.0 | 241.1 | 241.1 | 0.0022 00022 | (5| 2166
a [(PYCP({}%;%?SCFS)]Z Ds, 49.0 | 1380 | 1380 | 0.0056 0.0056 | 0.005 | 49.4 | 11
[(PyCp2)Dy(pn-CD]» - 11
a ) Ds, 49.0 | 1340 | 1340 | 0.0051 00051 | oos | 525
[Cp",Dy(u-CD], R "
a A T, 106.0 | 273.0 | 273.0 | 0.0044 00044 | 50| 1215
[Cp":Dy(u-D], - 12
a e T, 341.0 | 4293 | 4293 | 0.0080 0.0080 | 1o | 1050
a [D@C{’,E(é‘l'ﬁg;“)] Cy 330.0 | 462.0 | 4620 | 0.0026 0.0026 | 0.001 | 355.4 | 13
a [{Dy(cl(’; )ﬁ%‘iﬁ&ﬁym})} 2l T, 860.0 | 680.8 | 680.8 | 0.0016 0.0016 | 0420 | 8573 | 1
[Dy",(valdien),(NOs),] - 15
b Qo 69 Dy 528 |201.7 | 2017 | 0.0049 00049 | (510 | 792
[Dy,(valdien),(CH,COO),] - 16
b (11 DOcon Dy 236 | 1380 | 1380 | 0.0069 00069 | /sy | 377
[Dy,(valdien),(CICH,COO )] - 16
b 12 DacOOD) Dag 347 | 1520 | 1520 | 0.0080 0.0080 | (40 | 343
[Dy,(valdien),(CL,CHCOO"),] - 16
b 15 BocoUn Dy 417 | 1540 | 1540 | 00167 00167 | 154e | 147
[Dys(valdien),(CH,COCHCOCH; ),] - 16
b i DOCRAD) Dy 1.1 | 220 | 220 | 00024 0.0024 | o | 169
[Dy,(ovph),Cl,(MeOH);] Dsy (Dyl) o 4
b e sz, Do (Dy2) | 120:5% | 3211 | 1905 | 0.0349 0.0014 | 0.235 | 148.8
b [DYZ(‘(’fgh)ng‘]*;kgzo)ﬂ Day 952 | 1917 | 1917 | 0.0033 0.0033 | 0.185 | 118.9 | 17
[Dy,(L),(NO;)4(CH;0H),] - 18
b OV Dy 528 | 1181 | 118.1 | 0.0034 00034 | (5o | 657
b [DY(‘(’fgh)T(f}%z?H)b Ds, 540 | 196.1 | 196.1 | 0.0067 0.0067 | 0.088 | 59.8 | 19
b [DY2E1L;)ZIg?ﬁ§gé?H)2] Dug 479 | 159.1 | 159.1 | 0.0072 0.0072 | 0.090 | 45.6 | 20
b [Dy%a)zggi(gg;gﬁ)ﬂ Dag 354 | 1594 | 1594 | 00122 00122 | 0330 | 31.1 | 20
[Dy,(NO3)4(sacbH)»(H,0),(MeCN),] - 21
b o Y AWHAL) Ds, 759 | 1493 | 1493 | 0.0035 00035 | 1003 | 853
b [DyzLé(zoﬁf}i(g‘g)H)ﬂ Dy 90.0 | 181.9 | 181.9 | 0.0037 00037 | (1o | 964 | 2
[(NNT55)Dy],(u-biphenyl)[K- :
c (solvent)], Dsn 235 | 904 | 90.4 0.0212 0.0212 | (oco | 76 23
(23, POXMAS) :
[KDy,(C;H;)(N(SiMes),)4] D3y (Dyl) % 24
¢ 4 SPNJON) Dy | 402 | 159 | €01 | 0.0047 0.0019 | 0.781 | 72.7
[Dy(MestrenCH,)(u- Csy (Dyl) -
d H);Dy(Megtren)] Dy (Dy2) | 40.0 | 940 | 231.0 | 0.0331 00081 | o ooe | 299 | 2
(25, NERZUH) :
d [DY(((:;/ éN()}zg‘D‘ACTIigHF)]Z D 433.0 | 466.5 | 466.5 | 0.0040 0.0040 - | 2330 %
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0.018
e [(”'mbp(yz‘;l’N\%;T(;rg‘;hDy}ﬂ gi‘; ggﬁ; 35.6% | 109.7 | 1572 | 0.0200 00030 | oo0 | 568 | 27
e [(”‘bip(yzrg?%%g%ﬁ‘;}}‘)y}ﬂ Dug 382 | 1419 | 1299 | 0.0034 0.0100 | 0.004 | 54.8 | 28
e [(“'bipymgz{g%ﬁ‘l);g’g)ﬂ'2CH3C1 Bi“d‘ gﬁ; 93.1* | 183.8 | 157.4 | 0.2800 00017 | yos0 | 926 | 2
e [(“'bipy“g{o(})l}’fd“;%ﬁgﬂ'MeCN Dag 1854 | 170.8 | 170.8 | 0.0035 0.0035 | 0.006 | 97.6 | 29
e [%i(’b%‘g,(gﬁ;ﬁ] Dy 229 | 1015 | 1015 | 0.0057 00057 | o4 | 349 |

* The U, value has been provided as an average from the two-relaxation process called FR and SR.

Abbreviations of all the complexes have been given in the Figure caption (below, Figure S1-S32)

(a) Dimers with cyclopentadienyl ligand:
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Figure S1: (a) Molecular structure of [(n°-Cp),(thf)Dy(u-Cl)], (1).° Colour code: Dy-aqua, Cl-green, O-red, C-
grey. Hydrogens are omitted for clarity. (b) Mechanism of relaxation of Dy1 center of 1 (Dy2 center is equivalenet
to Dyl center). The Dyl center relaxes via 1st excited KD due to the large angle (17.1°) of the anisotropy axis
with respect to ground state despite of small TA-QTM at this level. The red arrows indicate the QTM or TA-QTM
via ground or excited KD, respectively. The sky dotted arrows shows the mechanism of Orbach process. The olive

arrows indicate the pathway of magnetic relaxation.
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Figure S2: (a) Molecular structure of [(1°-Cp),Dy(u-Cl)], (2).° Colour code: Dy-aqua, Cl-green, O-red, C-grey.
Hydrogens are omitted for clarity. (b) Mechanism of relaxation of Dyl center of 2 (Dy2 center is equivalenet to
Dyl center). The red arrows indicate the QTM or TA-QTM via ground or excited KD, respectively. The sky
dotted arrows shows the mechanism of Orbach process. The olive arrows indicate the pathway of magnetic

relaxation.
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Figure S3: (a) Molecular structure of [{Cp',Dy(p-SSiPh;)},] (3, Cp'=n°-CsH;Me).!? Colour code: Dy-aqua, S-
yellow, Si-maple, C-grey. Hydrogens are omitted for clarity. (b) Mechanism of relaxation of Dy center of 3 (Dy2
center is equivalenet to Dyl center). The Dyl center relaxes via 2nd excited KD due to the large angle (16.7°) of
the anisotropy axis with respect to ground state despite of small TA-QTM at this level. The red arrows indicate
the QTM or TA-QTM via ground or excited KD, respectively. The sky dotted arrows shows the mechanism of

Orbach process. The olive arrows indicate the pathway of magnetic relaxation.
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Figure S4: (a) Molecular structure of [(PyCp,)Dy(i1-O,SOCF;)], (4).!! Colour code: Dy-aqua, S-yellow, Si-
maple, F-lime green, N-blue, O-red, C-grey. Hydrogens are omitted for clarity. (b) Mechanism of relaxation of
Dyl center of 4 (Dy2 center is equivalenet to Dyl center). The red arrows indicate the QTM or TA-QTM via
ground or excited KD, respectively. The sky dotted arrows shows the mechanism of Orbach process. The olive

arrows indicate the pathway of magnetic relaxation.
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Figure S5: (a) Molecular structure of [(PyCp,)Dy(1-Cl)], (5).!! Colour code: Dy-aqua, Cl-green, N-blue, C-grey.

Hydrogens are omitted for clarity. (b) Mechanism of relaxation of Dyl center of 5 (Dy2 center is equivalenet to

Dyl center). The red arrows indicate the QTM or TA-QTM via ground or excited KD, respectively. The sky



dotted arrows shows the mechanism of Orbach process. The olive arrows indicate the pathway of magnetic
relaxation.
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Figure S6: (a) Molecular structure of [Cp’,Dy(u-C1)], (6, Cp’ = cyclopentadienyltrimethylsilane anion).'? Colour
code: Dy-aqua, Cl-green, Si-maple, N-blue, C-grey. Hydrogens are omitted for clarity. (b) Mechanism of
relaxation of Dyl center of 6 (Dy2 center is equivalenet to Dyl center). The red arrows indicate the QTM or TA-

QTM via ground or excited KD, respectively. The sky dotted arrows shows the mechanism of Orbach process.

The olive arrows indicate the pathway of magnetic relaxation.
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Figure S7: (a) Molecular structure of [Cp',Dy(u-I)], (7, Cp’ = cyclopentadienyltrimethylsilane anion).!> Colour

code: Dy-aqua, I-violet, Si-maple, N-blue, C-grey. Hydrogens are omitted for clarity. (b) Mechanism of relaxation

of Dyl center of 7 (Dy2 center is equivalenet to Dyl center). The red arrows indicate the QTM or TA-QTM via

ground or excited KD, respectively. The sky dotted arrows shows the mechanism of Orbach process. The olive

arrows indicate the pathway of magnetic relaxation.
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Figure S8: (a) Molecular structure of [Dy,Cp*,(u-BPhy)] (8, Cp* = 1,2,3,4,5-Pentamethylcyclopentadiene). '’
Colour code: Dy-aqua, B-light pink, C-grey. Hydrogens are omitted for clarity. (b) Mechanism of relaxation of

Dyl center of 8 (Dy2 center is equivalenet to Dyl center). The Dyl center relaxes via 2nd excited KD due to the

large angle (5.8°) of the anisotropy axis with respect to ground state despite of small TA-QTM at this level. The

red arrows indicate the QTM or TA-QTM via ground or excited KD, respectively. The sky dotted arrows shows

the mechanism of Orbach process. The olive arrows indicate the pathway of magnetic relaxation.
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Figure S9: The ground state anisotropy axis of Dyl center of 9.'* Colour code: Dy-aqua, Al-amber, N-blue, C-
grey. Hydrogens are omitted for clarity. Mechanism of magnetic relaxation of Dyl center is given in the main

manuscript.

Table S2: The g tensors of eight KDs along with energy (cm!) of Dy1 centre of 9 (Dy2 centre
is symmetric to Dyl).

) Angle of g,, between ground and
Energy (cm) Ex &y & higher excited KDs (°)
0.0 0.000 0.000 19.848
296.4 0.002 0.002 17.089 0.8
526.9 0.005 0.008 14.544 0.8
681.6 0.138 0.148 11.862 6.0
791.2 1.674 2.446 8.617 7.2
841.6 10.115 7.132 2.877 3.0
906.8 0.506 1.554 14.922 89.3
1106.4 0.029 0.045 19.480 89.3

(b) Dimer with Schiff base linkage:
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Figure S10: (a) Molecular structure of [Dy'y(valdien),(NO;),] (10, Hjvaldien = NI,N3-bis(3-
methoxysalicylidene)diethylenetriamine). 'S Colour code: Dy-aqua, O-red, N-blue, C-grey. Hydrogens are omitted
for clarity. (b) Mechanism of relaxation of Dyl center of 10 (Dy2 center is equivalenet to Dyl center). The red
arrows indicate the QTM or TA-QTM via ground or excited KD, respectively. The sky dotted arrows shows the

mechanism of Orbach process. The olive arrows indicate the pathway of magnetic relaxation.
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Figure S11: (a) Molecular structure of [Dy,(valdien),(CH3;COO),] (11).!¢ Colour code: Dy-aqua, O-red, N-blue,
C-grey. Hydrogens are omitted for clarity. (b) Mechanism of relaxation of Dyl center of 11 (Dy2 center is
equivalenet to Dy1 center). The red arrows indicate the QTM or TA-QTM via ground or excited KD, respectively.
The sky dotted arrows shows the mechanism of Orbach process. The olive arrows indicate the pathway of

magnetic relaxation.
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Figure S12: (a) Molecular structure of [Dy,(valdien),(CICH,COO"),] (12).'° Colour code: Dy-aqua, Cl-green, O-
red, N-blue, C-grey. Hydrogens are omitted for clarity. (b) Mechanism of relaxation of Dyl center of 12 (Dy2
center is equivalenet to Dyl center). The red arrows indicate the QTM or TA-QTM via ground or excited KD,
respectively. The sky dotted arrows shows the mechanism of Orbach process. The olive arrows indicate the

pathway of magnetic relaxation. The large blue arrow represents mechanism overall of magnetic relaxation.
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Figure S13: (a) Molecular structure of [Dy,(valdien),(C1l,CHCOO"),] (13).'° Colour code: Dy-aqua, Cl-green, O-

red, N-blue, C-grey. Hydrogens are omitted for clarity. Mechanism of relaxation of Dyl center of 13 (Dy2 center

is equivalenet to Dyl center). The red arrows indicate the QTM or TA-QTM via ground or excited KD,

respectively. The sky dotted arrows shows the mechanism of Orbach process. The olive arrows indicate the

pathway of magnetic relaxation.
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Figure S14: (a) Molecular structure of [Dy,(valdien),(CH;COCHCOCHj;),] (14).'% Colour code: Dy-aqua, O-

red, N-blue, C-grey. Hydrogens are omitted for clarity. (b) Mechanism of relaxation of Dyl center of 14 (Dy2

center is equivalenet to Dyl center). The red arrows indicate the QTM or TA-QTM via ground or excited KD,

respectively. The sky dotted arrows shows the mechanism of Orbach process. The olive arrows indicate the

pathway of magnetic relaxation.
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Figure S15: (a) The ground state anisotropy axis of the Dy centers in 15.* Colour code: Dy-aqua, F-lime green,

O-red, N-blue, C-grey. Hydrogens are omitted for clarity. (b) Mechanism of relaxation of Dy2 center of 15 (the

relaxation mechanism of Dyl center is given in the main manuscript). The red arrows indicate the QTM or TA-

QTM via ground or excited KD, respectively. The olive arrows indicate the pathway of magnetic relaxation.

Table S3: The g tensors of four KDs along with energy (cm™') of Dyl center of 15.

) Angle of g,, between ground and
Energy (cm) Ex &y & higher excited KDs (°)
0.0 0.001 0.001 19.779

231.4 0.065 0.141 16.544 4.5

321.1 0.058 0.228 18.156 64.9
401.3 1.482 2.152 11.409 14.5
480.4 8.454 6.832 4.743 31.2
551.2 0.700 1.381 14.719 100.0
572.1 0.453 0.631 18.056 88.7
693.9 0.066 0.132 19.402 65.3

Table S4: The g tensors of four KDs along with energy (cm!) of Dy2 centre of 15.

) Angle of g,, between ground and
Energy (om') Ex Ey & higher excited KDs (°)
0.0 0.003 0.006 19.797
190.5 0.076 0.087 17.232 16.8
390.3 0.772 1.587 13.214 7.3
464.3 10.776 8.454 2.587 8.3
507.1 0.666 5.900 12.655 90.1
569.9 8.805 6.076 2.484 61.5
635.5 1.789 2.435 16.814 81.2
694.1 0.378 0.682 18.977 923
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Figure S16: (a) Molecular structure of [Dy,(opch),(OAc),(H,O),] (16, opch
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(E)-N'-(2-hyborxy-3-

methoxybenzylidene)pyrazine-2-carbohydrazide).!” Colour code: Dy-aqua, O-red, N-blue, C-grey. Hydrogens are
omitted for clarity. (b) Mechanism of relaxation of Dyl center of 16 (Dy2 center is equivalenet to Dyl center).
The Dyl center relaxes via 1st excited KD due to the large angle (16.5°) of the anisotropy axis with respect to
ground state despite of small TA-QTM at this level. The red arrows indicate the QTM or TA-QTM via ground or
excited KD, respectively. The sky dotted arrows shows the mechanism of Orbach process. The olive arrows

indicate the pathway of magnetic relaxation.
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Figure S17: (a) Molecular structure of [Dy,(L),(NOs)4(CH;0H),] (17, HL = N'-(2-hydroxybenzylidene)pyridine-
N-oxide-carbohydrazide)).!® Colour code: Dy-aqua, O-red, N-blue, C-grey. Hydrogens are omitted for clarity.
(b) Mechanism of relaxation of Dy1 center of 17 (Dy2 center is equivalenet to Dyl center). The red arrows indicate
the QTM or TA-QTM via ground or excited KD, respectively. The sky dotted arrows shows the mechanism of

Orbach process. The olive arrows indicate the pathway of magnetic relaxation.
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Figure S18: (a) Molecular structure of [Dy(opch)Cl(MeOH)], (18)." Colour code: Dy-aqua, Cl-green, O-red,
N-blue, C-grey. Hydrogens are omitted for clarity. (b) Mechanism of relaxation of Dyl center of 18 (Dy2 center
is equivalenet to Dyl center). The Dyl center relaxes via Ist excited KD due to the large angle (11.8°) of the
anisotropy axis with respect to ground state despite of small TA-QTM at this level. The red arrows indicate the
QTM or TA-QTM via ground or excited KD, respectively. The sky dotted arrows shows the mechanism of Orbach

process. The olive arrows indicate the pathway of magnetic relaxation.
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Figure S19: (a) Molecular structure of [Dy,(L,)»(L"),(CH;0H),] (19, HL' = 2,6-dimethoxyphenol), H,L; = 2-((2-
hydroxybenzylidene)amino)phenol).?? Colour code: Dy-aqua, O-red, N-blue, C-grey. Hydrogens are omitted for
clarity. (b) Mechanism of relaxation of Dyl center of 19 (Dy2 center is equivalenet to Dyl center). The Dyl
center relaxes via 1st excited KD due to the large angle (11.9°) of the anisotropy axis with respect to ground state
despite of small TA-QTM at this level. The red arrows indicate the QTM or TA-QTM via ground or excited KD,
respectively. The sky dotted arrows shows the mechanism of Orbach process. The olive arrows indicate the

pathway of magnetic relaxation.
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Figure S20: (a) Molecular structure of [Dy,(L;)»(L"),(CH;0H),] (20, H,L, = 2-(((2-hydroxyphenyl)imino)-
methyl)naphthalen-1-0l1).2° Colour code: Dy-aqua, O-red, N-blue, C-grey. Hydrogens are omitted for clarity. (b)
Mechanism of relaxation of Dyl center of 20 (Dy2 center is equivalenet to Dyl center). The red arrows indicate
the QTM or TA-QTM via ground or excited KD, respectively. The sky dotted arrows shows the mechanism of

Orbach process. The olive arrows indicate the pathway of magnetic relaxation.
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Figure S21: (a) Molecular structure of [Dy,(NOs)4(sacbH),(H,0),(MeCN),] (21, sacbH, = N-salicylidene-2-
amino-5-chlorobenzoic acid).?! Colour code: Dy-aqua, Cl-green, O-red, N-blue, C-grey. Hydrogens are omitted
for clarity. (b) Mechanism of relaxation of Dy1 center of 21 (Dy2 center is equivalenet to Dy1 center). The Dyl
center relaxes via 1st excited KD due to the large angle (9.2°) of the anisotropy axis with respect to ground state
despite of small TA-QTM at this level. The red arrows indicate the QTM or TA-QTM via ground or excited KD,
respectively. The sky dotted arrows shows the mechanism of Orbach process. The olive arrows indicate the

pathway of magnetic relaxation.
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Figure S22: (a) Molecular structure of [Dy,L,(OAc)4(MeOH),] (22, HL = (E)-N’-(2-hydroxybenzylidene)-2-
mercaptonicotinohydrazide).?? Colour code: Dy-aqua, Cl-green, O-red, N-blue, C-grey. Hydrogens are omitted
for clarity. (b) Mechanism of relaxation of Dyl center of 22 (Dy2 center is equivalenet to Dyl center). The red
arrows indicate the QTM or TA-QTM via ground or excited KD, respectively. The sky dotted arrows shows the

mechanism of Orbach process. The olive arrows indicate the pathway of magnetic relaxation.

(c) Dimer with oraganometallic building block:
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Figure S23: (a) Molecular structure of [(NNTBS)Dy],(u-biphenyl)[K-(solvent)], (23, NNTBS = 1,1-(NSi‘BuMe,),
). Colour code: Dy-aqua, Fe-redish brown, K-purple, Si-maple, O-red, N-blue, C-grey. Hydrogens are omitted
for clarity. (b) Mechanism of relaxation of Dyl center of 23 (Dy2 center is equivalenet to Dyl center). The red
arrows indicate the QTM or TA-QTM via ground or excited KD, respectively. The sky dotted arrows shows the

mechanism of Orbach process. The olive arrows indicate the pathway of magnetic relaxation.
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Figure S24: (a) Molecular structure of [KDy,(C;H7)(N(SiMe;),)4] (24).2* Colour code: Dy-aqua, K-purple, Si-
maple, O-red, N-blue, C-grey. Hydrogens are omitted for clarity. (b) Mechanism of relaxation of Dyl center of



24. The Dyl center relaxes via 1st excited KD due to the large angle (12.6°) of the anisotropy axis with respect to
ground state despite of small TA-QTM at this level. (¢) Mechanism of relaxation of Dy2 center of 24. The Dy2
center relaxes via st excited KD due to the large angle (14.8°) of the anisotropy axis with respect to ground state
despite of small TA-QTM at this level. The red arrows indicate the QTM or TA-QTM via ground or excited KD,

respectively. The sky dotted arrows shows the mechanism of Orbach process. The olive arrows indicate the

pathway of magnetic relaxation.

(d) Dimers with p-X- (X = Cl, H) bridge:
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Figure S25: (a) Molecular structure of [Dy(MestrenCH,)(u-H);Dy(Megtren)] (25, Megtren = tris{2-
(dimethylamino)ethylamine).?> Colour code: Dy-aqua, N-blue, C-grey, H-white. Hydrogens (except bridging
hygrogen) are omitted for clarity. (b) Mechanism of relaxation of Dyl center of 25. The red arrows indicate the
QTM or TA-QTM via ground or excited KD, respectively. The sky dotted arrows shows the mechanism of Orbach

process. The olive arrows indicate the pathway of magnetic relaxation.

Figure S26: (a) The ground state anisotropy axis of Dyl center of 26.2¢ Colour code: Dy-aqua, Cl-green, N-blue,
C-grey. Hydrogens are omitted for clarity.



Table S5: The g tensors of eight KDs along with energy (cm') of Dy1 center of 26 (Dy2 center

is symmetric to Dyl).

Angle of g,, between ground and
-1
Energy (cm™) Ex Ey & higher excited KDs (°)
0.0 0.000 0.000 19.863
275.7 0.011 0.013 16.892 4.8
466.5 0.111 0.132 14.087 10.3
595.3 0.635 0.884 11.578 20.6
696.7 1.885 4.195 8.523 22.6
763.5 2.972 4.344 11.705 84.6
813.7 0.756 2.475 14.120 94.9
1024.4 0.010 0.017 19.495 91.9
(e) Dimers with 2,2-bipyrimidine (bipym) bridge:
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Figure S27: (a) Molecular structure of [(p-mbpymNO)-{(tmh);Dy},] (27, mbpymNO = 2, 2" biprimidine-N-
oxide, tmh = 2,2,6,6-tetramethyl-3,5-heptanedionate).?” Colour code: Dy-aqua, O-red, N-blue, C-grey, H-white.
Hydrogens are omitted for clarity. (b) Mechanism of relaxation of Dyl center of 27. (¢) Mechanism of relaxation
of Dy2 center of 27. The red arrows indicate the QTM or TA-QTM via ground or excited KD, respectively. The

sky dotted arrows shows the mechanism of Orbach process. The olive arrows indicate the pathway of magnetic

relaxation.
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Figure S28: (a) Molecular structure of [(pu-bipym){((+)-tfacam);Dy},] (28, tfacam = 3-
(trifluoroacetyl)camphor).?® Colour code: Dy-aqua, F-lime green, O-red, N-blue, C-grey, H-white. Hydrogens are
omitted for clarity. (b) Mechanism of relaxation of Dyl center of 28. (c¢) Mechanism of relaxation of Dy2 center
of 28. The red arrows indicate the QTM or TA-QTM via ground or excited KD, respectively. The sky dotted

arrows shows the mechanism of Orbach process. The olive arrows indicate the pathway of magnetic relaxation.
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Figure S29: (a) Molecular structure of [(p-bipym){(Dbzm);Dy},]-2CH;Cl1 (29, HDbzm = dibenzoylmethane).?
Colour code: Dy-aqua, O-red, N-blue, C-grey, H-white. Hydrogens are omitted for clarity. (b) Mechanism of
relaxation of Dyl center of 29. The Dyl center does not relax via first excited KDs due to the large excitation
coefficient from first excited to second excited KD which has been explained in the original paper. (¢) Mechanism
of relaxation of Dy2 center of 29. The Dy2 center relaxes via 1st excited KD due to the large angle (14.8°) of the
anisotropy axis with respect to ground state despite of small TA-QTM at this level. The red arrows indicate the
QTM or TA-QTM via ground or excited KD, respectively. The sky dotted arrows shows the mechanism of Orbach

process. The olive arrows indicate the pathway of magnetic relaxation.

(a) (b)

[ ] 0.08
. - >
® 160 /
pe L ﬁ‘ % ¢ — ] //
‘g b € 'E 1201 4
L2 = T ‘ﬁ o p = 1 //
"‘ ‘e ‘E ‘ 2 801 — L7 o001
¢ * .8 e %° o P
© .'0 (W ® L 4 G’ﬁ (= 40
¢, ! @ (% 11] ,/
e £ 0.003
. o g
:: rs ™Y N
¢ LN ) 10 -5 0 5 10
.ﬁ "
. M (1)

Figure S30: Molecular structure of [(u-bipym){(Dbzm);Dy},]-MeCN (30).2° Colour code: Dy-aqua, O-red, N-
blue, C-grey, H-white. Hydrogens are omitted for clarity. (b) Mechanism of relaxation of Dy1 center of 30 (Dy2
center is equivalent to Dyl). The Dyl center relaxes via Ist excited KD due to the large angle (6.1°) of the
anisotropy axis with respect to ground state despite of small TA-QTM at this level. The red arrows indicate the
QTM or TA-QTM via ground or excited KD, respectively. The sky dotted arrows shows the mechanism of Orbach

process. The olive arrows indicate the pathway of magnetic relaxation.
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Figure S31: Molecular structure of [Dy,(bpm)(tfaa)s] (31, tfaa = (1,1,1-trifluoroacetylacetonate, bpm = 2,2'-
bipyrimidine).® Colour code: Dy-aqua, F-lime green, O-red, N-blue, C-grey, H-white. Hydrogens are omitted for
clarity. (b) Mechanism of relaxation of Dy1 center of 31 (Dy2 center is equivalent to Dy1). The red arrows indicate
the QTM or TA-QTM via ground or excited KD, respectively. The sky dotted arrows shows the mechanism of

Orbach process. The olive arrows indicate the pathway of magnetic relaxation.
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Figure S32: Molecular structure of 32.3! Colour code: Dy-aqua, B-light pink, O-red, C-grey. Hydrogens are
omitted for clarity. (b) Mechanism of relaxation of Dyl center of 32. The red arrows indicate the QTM or TA-
QTM via ground or excited KD, respectively. The sky dotted arrows shows the mechanism of Orbach process.

The olive arrows indicate the pathway of magnetic relaxation.
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