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Figure S1. Molecular structure of high barrier SMM systems included in literature investigation,
(a) [Dy(Cp*)(Cp(Pr)s)]*  (b) [Dy{Cp(Pr)a(Me)}]", (c) [Dy{Cp(Pr)sk]*, (d) [Dy(Cp™)]", (e)
[DY{Cp(Pr)a(Et)}.]*, (f) [Dy{Cp(PPr)ak]*, (g) [Dy(O'Bu)x(py)s]’, (h) [BUPO(NHPr);Dy(H,0)s]*, (i)
[Dy(bbpen)Br], (j) [Dy(O'Bu)CI(THF)s]*, (k) [Dy(DiMeQ),Cls(H.0)] and (I) [(NN™S)DyI(THF),]. Counter
ions and hydrogen atoms omitted for clarity. For Cp variants, the asterisk highlights the unique R
group. See below for counter ions.
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Figure S2. Relaxation rate data (top) for [Dy(Cp*)(Cp('Pr)s)][B(CsFs)a] plotted as log[z 1] vs log[T]
using literature fitted parameters. The double derivative is illustrated below to indicate the

determination of Tswitch.
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Figure S3. Relaxation rate data (top) for [Dy{Cp('Pr)s(Me)}.][B(CsFs)a] plotted as log[t~*] vs log[T]
using literature fitted parameters. The double derivative is illustrated below to indicate the
determination of Tswitch.
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Figure S4. Relaxation rate data (top) for [Dy{Cp('Pr)s(Et)}.][B(CsFs)s] plotted as log[z 1] vs log[T] using
literature fitted parameters. The double derivative is illustrated below to indicate the determination
of Tswitch.
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Figure S5. Relaxation rate data (top) for [Dy{Cp('Pr)s}.][B(CsFs)a] plotted as log[t~*] vs log[T] using
literature fitted parameters. The double derivative is illustrated below to indicate the determination

of Tswitch.
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Figure S6. Relaxation rate data (top) for [Dy{Cp('Pr)s}.][B(CsFs)a] plotted as log[t~*] vs log[T] using

literature fitted parameters. The double derivative is illustrated below to indicate the determination
of Tswitch.
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Figure S7. Relaxation rate data (top) for [Dy(O'Bu)a(py)s][BPha] plotted as log[t ] vs log[T] using
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literature fitted parameters. The double derivative is illustrated below to indicate the determination

of Tswitch.
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Figure S8. Relaxation rate data (left) for [Dy(Cp'™).][B(CsFs)a] plotted as log[t ] vs log[T] using
literature fitted parameters (top) and literature experimental data (bottom). The double derivatives
are illustrated right to indicate the determination of Tswitch for bot fitted data (top) and experimental
data (bottom). The numerical approach yields a similar g,,;;cx value of 52.01 s.

S9



Log[t™ 1]

(=]

Figure S9. Relaxation rate data (top) for [Dy(bbpen)Br] plotted as log[z 1] vs log[T] using literature
fitted parameters. The double derivative is illustrated below to indicate the determination of Tswitch.
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Figure S$10. Relaxation rate data (top) for [Dy(DiMeQ),Cls(H,0)] plotted as log[z~1] vs log[T] using
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literature fitted parameters. The double derivative is illustrated below to indicate the determination

of Tswitch.
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Figure S11. Relaxation rate data (top) for [Dy(O'Bu)CI(THF)][BPha] plotted as log[z 1] vs log[T] using
literature fitted parameters. The double derivative is illustrated below to indicate the determination

of Tswitch.

512



Loglz™']

0.0 0.5 1.0

05 10

20

150 -

100

L
3o FE g0l

300

200

100

L " 1 Log|
0.5 10 15 \ 20 e[t

Log(T)
Ty

Figure S12. Relaxation rate data (left) for [(NN™°)DyI(THF),] plotted as log[t~*] vs log[T] using
literature fitted parameters (top) and literature experimental data (bottom). The double derivatives
are illustrated right to indicate the determination of Tswitch for bot fitted data (top) and experimental
data (bottom). The numerical approach yields a similar Tg,,;:c, value of 4.45 x 10 s.
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Figure S13. Relaxation rate data (top) for ['BuPO(NHPr),Dy(H.0)s][ls] plotted as log[z 1] vs log[T]
using literature fitted parameters. The double derivative is illustrated below to indicate the
determination of Tswitch.
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Figure S14. Log(Tsy¢icn) VS Log(Ts) using 100 s defintion of blocking temperature (T, left) and open
hysteresis temperature (T4, right).
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Figure S15. Left) Plot of reported U.g values versus Tg; for the high barrier systems discussed in the
main text. Right) Shows the same data on a log-log scale. A linear fitting of both data have been
attempted giving the highest R? value of 0.69, far poorer correlation than for a plot of Ts; versus
Tswitch-
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Figure S16. Plot of Us vs Ts: with linear (left) and log-scale (right) using each definition for the Cp

variants. The definition of Ues alone is unable to justify the poor performance observed for
[DY{Cp('Pr)a}2][B(CsFs)a] (Uesr = 1848).
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Figure S17. Plot of Orbach regime for fitted parameters of high barrier systems between 75 and

90 K, where the Obrach regime is dominant for these systems. Left) using ZFC peak definition for Tg;,

centre) using hysteresis definition for Ty and right) using 100-s blocking Ts;.
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Figure S18. Plot of Orbach
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regime for fitted parameters of high barrier systems between 75 and 90 K

including ['BuPO(NHPr),Dy(H,0)s][I3] to highlight that this comparison cannot be extended to lower

barrier systems. Despite th

e observation of open hysteresis up to 12 K, this system cannot be

compared using Orbach because it requires extrapolation beyond the temperature at which slow

relaxation is observed.

Table S1. Collection of Er b

ased SMMs from literature. COT = cyclooctatetraenide, Dsp = 3,4-

dimethyl-2,5-bis(trimethylsilyl)phospholyl, COT” = 1,4-bis(trimethylsilyl)cyclooctatetraenyl and Cp* =
pentamethylcyclopenta-dienyl.

Er SMMs l(JIiF)F To(s) TsHyst (K) | REF
[Er(COT)(Dsp)] 358 | 1.60x 101 10 s1
[K(18-crown-6)][Er(COT),] | 216 | 6.90x 10 10 S2

323 | 8.17x10™ s3
[Er(COT)Cp*] S 5

197 | 3.13x10 s3
[K(18-crown-6)][Er(COT),] 286 | 3.70x10° 5 sS4
[Er(COT)(CsHsB)] 373 | 5.30x10™%2 8 S5
[Er(COT)(CsHsBMe)] 432 | 5.50x 10712 6 S5
[Er(COT)(CsHsBNEt)] 250 | 9.20x 107 2 S5
[Li(DME)s][Er(COT"),] 187 | 4.00x 1038 8 S6
[Er,(COT”)3] 323 | 5.70x 107 7 S7
[Ka(THF)4][Er2(COT”)s] 306 | 5.00x 107 10 S7
[Er{N(SiMes)2}s] 122 | 9.33x107° - S8
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Table S2. Collection of Th based SMMs from literature, all systems show no open hysteresis above 2

K. Pc = phthalocyaninato, TPP = tetraphenylporphyrin, DBU = 1,8-diazabicyclo[5.4.0] undec-7-ene

and Cp* = pentamethylcyclopenta-dienyl.

[Tb(Cp*)2(BPha)] (dilute)

Th SMMs Uest (K) To(s) REF

[Tb(Pc),] 590 1.5x10° s9

[Tb{(OEt)sPc}s] 791 4.2 x 101 510
[Tb(Pc)(PcRs)] R = O(CsHa)-p-'Bu 725 2.2 x 10 s11
[Tb(Pc)(PcRs)] R = O(CsHa)-p-'Bu 938 1.1x 10 S11
[Tb(Pc)(Pc(R1)s(R2)s] R1="BuR2 =H 924 22 x 101 S11
[NMe4][Tb(PcRs).] R = O(CsHa)-p-Bu 636 8.3x10™M s11
[NBu4][Tb(PcRs)2] R = O(CsHa)-p-Bu 567 3.4 x 1010 s11
[NMes][Tb(Pc)(PcRs)] R = O(CeHa)-p-Bu 648 3.0x10% s11
[NBua][Tb(Pc)(PcRs)] R = O(CsHa)-p-'Bu 701 7.7 x 101 511
[NBU4][Tb(PC)(PC(R1)4(R2)4] R1 = tBu R2=H 576 4.8 x 10-10 S11
[HDBU][Tb(TPP).] 387 1.6 x 10 512

344 1.0x 10 513

Tswitch = 3.8 x 10 s

Tswiten=21.2 K
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Figure $19. Relaxation rate data (top) for [Tb(Cp*).(BPhs)] (dilute) plotted as log[z 1] vs log[T] using
literature fitted parameters. The double derivative is illustrated below to indicate the determination

of Tswitch.
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