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ABSTRACT: Two rare two-

dimensional Ln-radical networks,

namely, [{Ln(tfa)s } 3(NIT-4Py)2]n

[Ln™ = Gd 1 and Tb 2; tfa~ =

trifluoroacetylacetonato; NIT-4Py Hioe)
2-(4-pyridyl)-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide] have been successfully
constructed and characterized. In these complexes, each NIT-4Py radical functions as
a tridentate ligand to ligate to three Ln ions, creating a 2D network with linear five-
spin [Ln3(NIT)2] nodes. Ferromagnetic Ln-NO interactions govern the characteristic
magnetic behavior of a finite spin system. The Tb complex is shown to exhibit SMM
behavior in zero dc field with an energy barrier for spin flipping of 53 K and a

hysteretic M-H behavior at 2.3 K with coercive field Heoer = 110 Oe. This complex

represents the first example of a Ln-nitronyl nitroxide SMM-based network.



INTRODUCTION

Lanthanide single-molecule magnets (SMMs) have been a major topic in the field of
molecular magnetism due to their appealing slow magnetic relaxation behaviors
arising from the strong magnetic anisotropy of Ln ions.!” Recently, significant
progress towards high blocking temperatures and large coercive fields have been
reported;®!? for instance, Layfield et al. presented a mononuclear Dy metallocene
cation [(CpP®)Dy(Cp*)]*  (Cp>:  penta-iso-propylcyclopentadienyl;  Cp*:
pentamethylcyclopentadienyl) with the record magnetic blocking temperature 80 K as

well as effective barrier of 1541 cm™;'°

more recently, Long et al reported a mixed-
valence binuclear Dy complex (Cp*™).Dy»l; featuring metal-metal bonding which
displays an enormous coercive magnetic field with a lower bound of 14 T at 60 K.!!
Ideally, the relaxation of the magnetization for an SMM is controlled by an energy
barrier and follows the Arrhenius behavior; it is known as the Orbach mechanism.
However, in real systems, several processes are at work,'* and one of the important
contributions to the relaxation of the magnetization involves molecular vibrations. It
was suggested that designing structurally more rigid SMM can reduce the under-
barrier spin relaxation by phonon contributions.!> '® One straightforward possibility is
to incorporate the SMM into an extended chemical network, which is inherently more
rigid. In this context, Ln-SMMs can be used as magnetic building blocks to construct
extended systems.!”2° Following such an approach, the coordination geometries of Ln
ions and magnetic exchanges can be controlled through rational structural design and
crystal engineering, resulting in the appealing magnetic performance.?'">> Moreover,
for practical applications, SMMs imbedded in extended structures are expected to be
better candidates than discrete molecules because the ordered arrangement of SMMs
is essential for surface-based devices.'® 2 Achieving organized arrays of molecular
nanomagnets remains a main challenge.

SMMs combining 4f ions and organic radicals are attracting interest because the

exchange coupling between the paramagnetic centers can result in a large ground spin



state and help to suppress QTM.?’*! The metal-radical approach has been used to
obtain the extended networks (2- and 3-D) behaving as magnets*>=® but rather seldom
to imbed Ln-Radical SMMs into extended networks. The most widely used radical
unit is nitronyl nitroxide (hereinafter NIT), due to its chemical adaptability
(functionalization), exceptional stability and versatility in coordination modes. NIT-
Ln complexes are intriguing platforms for designing molecular nanomagnets
exhibiting appealing magnetic relaxation behavior,?® ¥ but NIT-Ln SMM based
network remains unexplored. Therefore, the possibility of achieving a Ln-radical
SMM incorporated in a coordination framework has been considered herein.

The reported extended coordination polymers are based on a specific nitronyl
nitroxide radical, NIT-4Py(2-(4-pyridyl)-4,4,5,5-tetramethylimidazoline-1-oxyl-3-
oxide),*->? which behaves as a three-connecting linker for Ln(IIl) ions. This led to a
unique two-dimensional networks with five-spin [Ln3(NIT)2] nodes, [{Ln(tfa)s}3(NIT-
4Py),]s [Ln = Gd 1 and Tb 2; tfa~ = trifluoroacetylacetonato]. The Tb derivative was
found to exhibit SMM behavior in zero field, which was demonstrated by ac

susceptibility data and the opening of an M versus H hysteresis loop.

EXPERIMENTAL SECTION

Materials and Characterizations. All reagents used in the reactions were obtained
from commercial suppliers and directly employed without further purification. The
radical ligand NIT-4Py was synthesized following established procedures.*>> >* The
FT-IR spectra were obtained using a The Bruker-Tenor 27 spectrometer. Elemental
microanalyses for C, H, and N of solid complexes were conducted using a
PerkinElmer 240 elemental analyzer. Powder X-ray diffraction (PXRD) patterns were
obtained by a Rigaku SmartLab SE X-ray diffractometer(CuKa radiation). Magnetic
measurements were carried out with MPMS XL-7 SQUID magnetometer and
Physical Property Measurement System (PPMS, Quantum Design) using VSM or
ACMS configuration for either DC or AC measurements. Magnetic susceptibility data

were collected in a field of 1 kOe and 50 Oe, and isothermal magnetization were
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recorded up to 70 kOe. The sample was mixed to grease and hold in a medical capsule
for Tb derivative. The susceptibility data have been corrected for the diamagnetic

contributions of the holder and all the atoms using the Pascal tables.>*

Preparation of [{Ln(tfa)3}3(NIT-4Py)2]n (Ln = Gd 1 and Tb 2)

Both complexes 1 and 2 were prepared using the same procedure: Ln(tfa)s;-3H,O
(0.45 mmol) was dissolved in 30 mL of n-heptane and heated under reflux for 3 hours.
The solution was then cooled to 85°C and 5 mL of dichloromethane solution
containing NIT-4Py (0.3 mmol) was added. The mixture was refluxed for another
hour, allowed to cool to room temperature, filtered, and the filtrate was left at room
temperature. After two days, deep blue crystals suitable for X-ray diffraction analysis

were obtained.

[{Gd(tfa)3}3(NIT-4Py)2]n (1): Yield: 70%. Anal. Calc. For Ci3304Ni2H136F54Gde: C,
35.75; H, 2.96; N, 3.63%. Found: C, 35.99; H, 3.25; N, 3.46%. IR: (KBr, cm):
3447(w), 1632(s), 1527(m), 1491(w), 1401(w), 1370(m), 1292(s), 1223(m), 1188(s),
1137(s), 1009(w), 853(w), 779(w), 726(w), S60(w).

[{Th(tfa)3}3(NIT-4Py)2]n (2): Yield: 75%. Anal. Calc. For C13804N12H136F54Tbs: C,
35.67; H, 2.95; N, 3.62%. Found: C, 35.71; H, 2.65; N, 3.65%. IR: (KBr, cm™):
3445(w), 1634(s), 1528(m), 1399(w), 1371(s), 1294(s), 1224(m), 1187(m), 1138(s),
854(m), 780(w), 727(m), 561(w).

The experimental PXRD patterns of 1 and 2 are consistent with the simulated patterns

(Figure S1), which confirms the phase purity of crystalline samples.

X-ray crystallography

The crystallographic data for complexes 1 and 2 were acquired using Cu-Ko radiation
on a Rigaku Saturn CCD diffractometer, and the Olex2 software package,”
containing the SHELXT-2018° structure solution program and SHELXL-2018,>7 was
employed for the analysis and refinement of all structures. Non-hydrogen atoms

underwent refinement for anisotropic displacement parameters using a full-matrix



least-squares method, while the positions of hydrogen atoms were determined from
refinement cycles with geometric restraints. To rationalize some unordered atoms,
restraints of ISOR, DELU, or SIMU were used. It was discovered that both complexes
are twins, and twin rotation matrix for batch 2 are -1 0 0 -0 -0.998 -0.5 0.002-0.008
0.998 (BASF:0.1268) for 1 and -1.000 0 0 -0 -1 0.5 -0.001-0.002 1 (BASF:0.5550) for
2. The crystallographic refinement details for 1 and 2 can be found in Table 1,

whereas the significant bond lengths and angles are provided in Tables S2 and S3.

Table 1. Crystallographic data and structure refinement summary for 1 and 2.

complex 1 2
formula Ci13sH136F54GdeN12044  Ci138H136F54N12044Tbg
T/K 113 100

Crystal system triclinic triclinic

Space group P1 P1

alA 15.5703(2) 15.5373(2)

bIA 22.1153(5) 22.0532(3)

c/lA 27.0149(4) 27.0631(3)

of° 107.598(2) 72.087(1)

pl° 90.063(1) 89.971(1)

y/° 101.713(2) 78.481(1)

V/IA3 8662.9(3) 8627.4(2)

Z 2 2

Pealc/glem’ 1.777 1.788

w/mm! 15.811 13.052

F(000) 4540 4552

20 range /° 3.438 to 130.178 3.438 to 149.112
Reflections collected 29298 33549

Unique reflns 29298 33549
Data/restraints/parameters 29298/2475/2289 33549/1444/2404
GOF (F?) 1.099 1.078

Ri/wR»> 0.1153/0.2319 0.0843/0.2310
Ri1/wR; (all data)? 0.1331/0.2412 0.0992/0.2426

* Ri = X(||Fo| - |Fc||)/Z|Fol, wR> = [Ew(|Fol? — |Fc|)*/Zw(|Fol*)*]"?



Table 2. Key bond parameters(bond lengths (A) and angles (°)) for 1 and 2

Complex 1 2

Ln—Oru 2431(12)-2.499(12)  2.414(7)-2.497(7)

Ln—O, 2316(12)-2.382(11)  2.314(7)-2.38(1)

Ln-N 2.620(7)-2.627(7) 2.574(9)-2.620(8)

Ln-O-N 131.05(7)-141.59(8)  131.72(1)-141.13(2)
RESULTS AND DISCUSSION

Synthesis. Seminal investigation on Ln-NIT-4Py radical complexes were reported in
1990s by Gatteschi et al,®® and same group described in 2007 the Dy-NIT-4Py
complex, which exhibits SMM behavior.*® Our group also obtained a series of Ln-
radical complexes using the same radical but with different Ln(IIl) ions or co-
ligands.>® % A common feature off all these Ln-NIT-4Py complexes is their cyclic
dimer structure. In this work, tfa” was involved as co-ligand of Ln(III) unit resulting in
the coordination networks [{Ln(tfa);}3(NIT-4Py)2]» (Ln = Gd, 1, and Tb, 2). These
were obtained as a unique product under reaction conditions (solvent, temperature and
metal/radical ratio) similar to those used in previous reports. This underlines the effect
that subtle modifications at the periphery of the coordination centers can have on
supramolecular assembly.

Crystal Structures. The studies of the X-ray crystal structures reveal that complexes
1 and 2 crystallize in the space groups P1 (Table 1), and both are 2D coordination
networks. The key bond parameters of 1 and 2 are listed in Table 2. The asymmetric

I jons

unit of two complexes encompasses six crystallographically independent Ln
and four NIT-4Py linkers (Figure 1). Specifically, all Ln™ ions are eight-coordinated
with six O-atoms from three chelating tfa™ anions and either two oxygens from the
NIT moieties of two radicals (Ln2 and Ln5), or one O-atom from a NIT and one N-

atom from a pyridyl group of two distinct NIT-4Py (Lnl, Ln3, LnS, and Ln6). The



coordination polyhedrons (Figure S3) of the Ln centers have distorted triangular
dodecahedral (D2q) geometry (see Table S3 for shape analysis details). The Ln—Oxfa
and Ln—Or.q bond lengths respectively fall within the range of 2.316(12) A-2.382(11)
A and 2.431(12) A=2.499(12) A for 1, 2.314(7) A=2.38(1) A and 2.414(7) A-2.497(7)
A for 2. The Ln—N bond distances are in the range of 2.620(7) A—2.627(7) A for 1
and 2.574(9) 10\—2.620(8) A for 2, which is longer than those of Ln—O. and Ln—Oraq
bond lengths (table 2). Each NIT-4Py radical acts as a tri-dentate ligand linked to
three Ln" ions in u3-#':n':n'-coordination mode, by means of both the NO groups and
the pyridine N atom, resulting in a two-dimensional network. In these 2D network,
two NIT-4Py linkers connect three Ln'! ions with nitronyl nitroxides (NIT), forming a
linear [Ln3(NIT)2] node with [4f-NIT-4f-NIT-4f] array (Figure. 2). Each node is
connected to four adjacent nodes by the means of pyridyl groups. The distances

between two Ln!!

ions through the NIT moiety in 1 and 2 are vary from 8.528
A-8.835 A and 8.508 A—8.781 A, respectively. The two-dimensional 2p-4f layers
stack along the b-direction with the minimum Ln—Ln distances of 11.125 A for 1 and

10.440 A for 2 (Figure. S4).

Figure 1. The asymmetric unit of 2 (H and F atoms are omitted for clarity).



Figure 2. View of the [{Tb(tfa);}3(NIT-4Py):], network.

Magnetic Properties. From a magnetic view point, the present polymeric system
comes down to the five spin species [Ln3(NIT)>]. Indeed, while an exchange
interaction between NIT and the Ln centers linked by the aminoxyl groups might be
expected (i.e. within the [4f-NIT-4f-NIT-4f] array), only very weak, if any, exchange
interaction is anticipated to be mediated by the pyridyl groups. Therefore the

magnetic data below are given with respect to a [Ln3(NIT)2] unit.

The dc magnetic susceptibilities of complexes 1 and 2 were measured between 2-300
K in a field of 1 kOe (Figure 3 and 4). At 300 K, the ymT products (ym stands for the
magnetic susceptibility of a LnsNIT, moiety) of 24.83 cm*Kmol™ for 1 and 36.30
cm’Kmol™! for 2, are close to the theoretical values of 24.39 cm®*Kmol™! and 36.15
cm*Kmol™!, respectively, for an uncoupled system comprising three Ln"™ ions (Gd™:
8Sip, § = 7/2, L = 0, C = 7.88 cm’ K mol™'; Tb"™: 7Fs, § =3, L =3, C = 11.82
cm®Kmol™) and two radical species (S = 1/2, C = 0.375 cm®*Kmol™). Upon
decreasing the temperature, the ym7 gradually increases to reach 71.90 cm*Kmol™! at
2 K for 1 and a maximum of 144.6 cm*Kmol ™! at 3.0 K for 2 before dropping sharply
to 128 cm’Kmol™! at 2 K. Such behaviors are characteristic for ferromagnetic
interactions between the spin centers. For 2, the down-turn of ym7 at low T (black
trace) is no longer found in a weaker field strength (50 Oe, blue trace), with ymT

steadily increasing to 363.6 cm*Kmol™! at 2.0 K. Thus the maximum can be attributed
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to an effect of saturation rather than to antiferromagnetic interactions. The field
dependence of the magnetizations for both complexes show a rapid increase for low
fields before leveling and reaching 22.65 N (2.0 K; 70 kOe) for 1 (Figure 3 inset)
and 16.4 Nf (2.4 K; 70 kOe) for 2 (Figure S5). The magnetization at saturation for 1
is in good agreement with the 23 Nf§ expected for S = 23/2, confirming ferromagnetic

NIT-Gd interactions.
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Figure 3. Plot of ymT versus T and (inset) M versus H curve for 1. The red line is the

simulation curve by PHI.
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Figure 4. ymT versus T curves with Hpc = 1 kOe (black) and 50 Oe for 2. The insert

shows the low T range behaviors.

Accordingly, the magnetic data for 1 could be quantitatively analyzed by considering
the exchange interaction outlined in scheme 1. There, Ji is the magnetic coupling
between a nitroxyl group and a Gd™ ion and J» represents exchange between two
next-neighbor aminoxyl groups through the Gd™ ion. A possible contribution from
magnetic exchange between the [Gd3;NIT>] units mediated the pyridine rings was
considered within the mean-field approximation (zJ/°).®' The PHI software®® was used

to simultaneously fit ym7 versus T and M versus H curves based on the Hamiltonian:

H=-2/: (SGdlSRadl + S raarScar T ScarSraar + SRadZSGd3) _2‘]2(SRadISRad2) +[Hg, ., (SGdl + S t SGdS) +pHg, ., (SRadl + SRadZ)

, yielding Ji = 3.74(4) cm™, Jo = -8.8(2) cm™, gca = 1.99(1), graa= 2.0 (fixed) and zJ’

=0.00295(2) cm™.
Jz
[ |
Gogs .,/1 Rad1 71-6% ./1 Rad?2 ./1 Gc}

Scheme 1. Magnetic exchange pathway of 1.

The positive J; indicates ferromagnetic interactions between the Gd™ ion and the
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coordinated NO group, its value is comparable to the exchange interactions reported
in the literature.’® ® The negative J» is in line with antiferromagnetic exchange
between the coordinated NO groups via Gd reported before; its strength is in
agreement with reported values.®® % Finally, the insignificant zJ’ parameter confirms

the absence of magnetic interactions between the [Gd3NIT2] units.

AC-susceptibility studies showed no out-of-phase susceptibility (y»") signal for 1,
thus excluding magnetic ordering in the investigated temperature domain (Figure S6).
For 2, temperature / frequency dependence peaks of in-phase (yu') and out-of-phase
(xm") susceptibility components were observed in the temperature range of 2.0 to 14.0
K without an applied static field (Figure 5 and S7), indicating SMM behavior.
Application of a static DC did not change the observed behaviors (Figure. S8). The
Cole—Cole plot (Figure 6a) show a near symmetrical shape; its analysis by the
generalized Debye model® gave a parameters of 0.062-0.081, indicating a very

narrow distribution of relaxation times.
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Figure 5. Frequency dependence (from 10-10* Hz) of the (a) in-phase and (b) out-of-

phase ac susceptibility in the absence of an applied dc field for 2.

The temperature dependence of the relaxation time (7) extracted from the frequency-
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dependent ac susceptibility data with the generalized Debye model is shown in Figure.
6b. The relaxation behavior is well reproduced by considering Raman and Orbach
relaxation processes, respectively first and second term in 7! = CT" + 75!
exp(—Uesi/ksT). Best fit led to an effective energy barrier Uesr = 53.8(6) K, 70 = 6.8(9)
x 1077s, C = 0.025(5)6 s'K™ and n = 5.4. The energy barrier for spin reversal for 2 is
among the largest found in discrete Tb-NIT derivatives (Table S4).2% 3% 6 67 The
exponent # is lower than the value expected for non-Kramers systems (n = 7) but this
is commonly found in Ln™ SMMs, 72 and is attributed to optical and acoustic
phonons.” 7 Theoretical investigation by Gu et al. suggests that a combination of
several low-energy molecular vibrations can contribute to the lower exponent of the

temperature dependence in the Raman relaxation mechanism.’>- 76
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Figure 6. (a) Cole—Cole diagrams at different temperatures under zero dc field for 2;

(b) Fitting of the Arrhenius plot based on equation Inz = —In[CT" + 70~ 'exp(—Ues/ksT)].

The ZFC-FC magnetizations for 2 exhibit a clear divergence below 2.4 K (Figure 7a),
suggesting a blocking of the magnetization (73 = 2.4 K). This is supported by the
opening of a hysteresis loop with a coercive field 110 Oe at 2.3 K (Figure 7b), a
hallmark of SMM. To date, few Ln-Nitroxide SMMs exhibit hysteresis loop?* #% ¢7-77
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and most of their hysteresis loops are observed at extremely low temperatures (< 2 K).
Recent studies have shown that the Raman relaxation, responsible for relaxation under
the barrier, is directly linked to ligand vibrations.”® In order to support a possible role
of the stiffness of the lattice on the magnetic relaxation behavior of 2, it is instructive
to compare its SMM characteristics with the previously reported discrete Tb-NIT-4Py
complexes, i.e. [Tb(hfac)s(NIT-4Py)]»>° and [Tb(Phtfac);(NIT-4Py)]>.%° For the first,
no slow relaxation of the magnetization was observed above 2 K, whereas second
exhibited an Orbach type relaxation with a barrier of 25.7(4) K, to be compared with
the 53.8 K obtained for complex 2. Thus, the better SMM behavior of 2 can be
attributed to a clear reduction of the under the barrier relaxation. This result suggests
that embedding the spin cluster (i.e. [Tb3(NIT)2]) in an extended, stiffer lattice limits

the contributions of molecular vibrations to the relaxation of the magnetization.
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Figure 7. Plots of (a) the field cooled (FC), zero field cooled (ZFC), and remnant
magnetization (REM) recorded with an applied field of 1 kOe for 2; (b) hysteresis
loops of polycrystalline sample at 7= 2.3 K for 2. The field scan rate was constant at

33 Oels.
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CONCLUSION

The use of NIT-4Py radical behaving as a 3-connection linker to coordinate to the
Ln' ions, allowed the formation of an unique two-dimensional network made up by
five-spin [Ln3(NIT)2] nodes. Importantly, ferromagnetic Ln-NIT interactions take
place between the five centers but the nodes are magnetically well isolated. The Tb
derivative was found to behave as a field-free SMM with an energy barrier for spin
flipping among the largest known the Tb-NIT SMMs. For this complex, a blocking
temperature of about 2.3 K gave rise to the opening of a hysteresis loop. To the best of
our knowledge, this is the first example of an SMM network based on Ln-nitronyl
nitroxide. These results open up interesting prospects for the design of a new

generation of molecular nanomagnets based on the Ln-Radical combination.
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Table S1. Selected bond distances (A) for compound 1.

1Gd

Gd(6)-O(41) 2.324(15) Gd(4)-0(20) 2.354(11)
Gd(6)-O(37) 2.332(15) Gd(4)-0(19) 2.359(12)
Gd(6)-0(32) 2.351(12) Gd(4)-0(10) 2.350(12)
Gd(6)-O(30)#3 2.454(11) Gd(4)-N(1)#2 2.61(7)
Gd(6)-O(21) 2.415(11) Gd(5)-009) 2.378(11)
Gd(6)-O(14) 2.344(12) Gd(5)-0(7) 2.335(11)
Gd(6)-O(1) 2.365(12) Gd(5)-0(43) 2.499(11)
Gd(3)-0(38) 2.354(12) Gd(5)-0(3) 2.372(10)
Gd(3)-0(35) 2.318(12) Gd(5)-0(27) 2.367(11)
Gd(3)-0(34) 2.467(12) Gd(5)-0(2) 2.365(11)
Gd(3)-0(29) 2.353(13) Gd(5)-0(1A) 2.372(11)
Gd(3)-0(28) 2.377(11) Gd(5)-N(12)#1 2.617(6)
Gd(3)-0(25) 2.360(12) Gd(1)-0(8) 2.338(11)
Gd(3)-0(16) 2.348(13) Gd(1)-04) 2.340(12)
Gd(3)-N(9) 2.620(7) Gd(1)-0(31) 2.475(11)
Gd(2)-0(5) 2.335(11) Gd(1)-0(24) 2.368(10)
Gd(2)-0(40) 2.358(13) Gd(1)-0(17) 2.381(13)
Gd(2)-0(36) 2.369(14) Gd(1)-0(15) 2.350(11)
Gd(2)-0(26) 2.431(10) Gd(1)-N(11) 2.627(6)
Gd(2)-0(22) 2.378(12) 0O(6)-N(3) 1.255(19)
Gd(2)-0(18) 2.479(11) 0(43)-N(5) 1.319(19)
Gd(2)-0(12) 2.319(12) 0O(34)-N(8) 1.26(2)
Gd(2)-0(11) 2.341(11) 0(26)-N(7) 1.247(19)
Gd(4)-0(6) 2.462(11) 0O(21)-N(10) 1.21(2)
Gd(4)-0(39) 2.331(12) O(18)-N(4) 1.24(2)
Gd(4)-0(33) 2.369(14) N(6)-0O(30) 1.36(2)
Gd(4)-0(23) 2.346(11) N(2)-0(31) 1.55(2)

Symmetry transformations used to generate equivalent atoms:

#1 x-1,y,z; #2 x+1,y,z; #3 x-1,y,z-1; #4 x+1,y,z+1



Table S2. Selected bond distances (A) and for compound 2.

2Thb

Tb(2)-0(7) 2.345(6) Tb(6)-0(21) 2.429(7)
Tb(2)-0(3) 2.331(7) Tb(6)-0(30) 2.420(7)
Tb(2)-O(1) 2.318(7) Tb(6)-0(32) 2.339(7)
Tb(2)-0(27) 2.358(7) Tb(6)-0O(41) 2.326(9)
Tb(2)-0O(43) 2.468(7) Tb(6)-0(14) 2.355(9)
Tb(2)-0(2) 2.336(7) Tb(3)-N(1)#3 2.620(8)
Tb(2)-0(9) 2.348(7) Tb(3)-0O(33) 2.339(8)
Tb(2)-N(12)#1 2.606(8) Tb(3)-0O(10) 2.314(7)
Tb(1)-N(11)#2 2.594(8) Tb(3)-0(23) 2.336(7)
Tb(1)-O(4) 2.337(7) Tb(3)-0(6) 2.488(8)
Tb(1)-O(31) 2.497(7) Tb(3)-0(19) 2.325(8)
Tb(1)-0O(13) 2.328(7) Tb(3)-0(20) 2.374(9)
Tb(1)-O(15) 2.367(7) Tb(3)-0O(39) 2.348(8)
Tb(1)-O(8) 2.342(7) Tb(6)-0(40) 2.367(7)
Tb(1)-0(24) 2.334(6) Tb(6)-O(36) 2.317(7)
Tb(1)-0(17) 2.344(6) Tb(6)-0(26) 2.420(7)
Tb(4)-O(35) 2.336(7) Tb(6)-O(18) 2.414(7)
Tb(4)-O(34) 2.464(7) Tb(6)-0(12) 2.340(8)
Tb(4)-O(38) 2.345(8) Tb(6)-O(11) 2.323(8)
Tb(4)-0(29) 2.362(8) Tb(6)-O(44) 2.386(15)
Tb(4)-O(28) 2.369(8) Tb(6)-0(22) 2.338(17)
Tb(4)-0(25) 2.320(7) Tb(6)-O(22A) 2.386(18)
Tb(4)-O(16) 2.343(8) Tb(6)-O(44A) 2.31(3)
Tb(4)-N(9) 2.574(9) 0(6)-N(3) 1.293(11)
Tb(5)-0(42) 2.317(6) 0(34)-N(8) 1.285(11)
Tb(5)-O(5) 2.325(7) O@31)-N(2) 1.274(10)
Tb(5)-0O(37) 2.363(7) 0(26)-N(7) 1.296(11)
N(6)-0(30) 1.283(11) O(21)-N(10) 1.274(11)
N(5)-0(43) 1.300(10) 0O(18)-N(4) 1.294(10)

Symmetry transformations used to generate equivalent atoms:

#1 x,y,z+1; #2 x+1,y,2-1; #3 x-1,y,z; #4 x+1,y,z; #5 x-1,y,z+1; #6 x,y,z-1



Table S3. SHAPE analyses for 1 and 2.

SAPR-§ TDD-8 BTPR-8 SAPR-§  TDD-8 BTPR-8
Gd1 1.335 1.026 2.043 Tbl 1.118 1.089 2.125
Gd6 1.183 1.121 2.099 Tb6 1.254 1.094 1.963
Gd4 1.832 0.588 2422 Tb4 1.449 0.862 1.951
Gd2 2.529 0.209 2.297 Tb2 2.152 0.629 2.279
Gd3 1.553 0.808 1.967 Tb3 1.778 0.524 2.379
Gd5 1.913 0.307 2.161 Tb5 2.408 0.245 2.265

SAPR-8: Square antiprism; TDD-8: Triangular dodecahedron; BTPR-8: Biaugmented trigonal
prism.
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Figure S1 Powder X-ray diffraction patterns of complexes 1 and 2.

Figure S2 (a) The asymmetric unit (H and F atoms are omitted for clarity) and (b) the network
structure of 1.

4



Figure S4 The packing diagram of (a) 1 and (b) 2. (H and F atoms are omitted for clarity).
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Figure. S5 M versus H of 2.
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Figure S8. Measured y' and y" versus T plots for 2 under O (in blue) and 1kOe (in red) dc field.



Table S4. Structure and magnetic parameters for Tb-NIT SMMs.

Complex Structure Ue/K(Hac/kOe) 0 (s) Ref.
[Tb(hfac)3;( NITPhOEt)2] Mononuclear 29.3 2.99 x 108 1
[Tb(hfac);(NIT2Py)]0.5C7Hi6 Mononuclear 17.1 9.56 x 1077 2
Tb(NITpic)s Mononuclear 22.8 55x%x107° 3
[Tb(tfa)s(NITBzImH)] Mononuclear 13.95 4.56 x 1077 4
[Tb(hfac)3;(NIT-Pyz)] Mononuclear 26 1.38 x 107 5
[Tb(hfac)3(4-Me-3-NITtrz)(H20)] Mononuclear 16(3.0) 6.7 x 1078 6
[Tb(hfac)3(NITPhCOOMe)2] Mononuclear 20(1.5) 1.94 x 1078 7
[Tb(hfac);(NITPhPO(OEt)2)]2 Binuclear 27.5(2.0) 2.64 x 107° 8

21.0(2.0) 1.76 x 107
[Tb(Phtfac)3;(NIT4Py)]2 Binuclear 22.8 4.1x10°8 9
[Tb(hfac)3( NIT-5-Py-3Br)]2 Binuclear 28.7 5.9 %107 10
[Tb(hfac);(NIT3Py)]2 Binuclear 19.0(3.0) 8.8x 108 11
[Tba(hfac)s(4-Me-3-NITtrz)2(OH)s] Trinuclear 14 3.1x 1077 12
Tb(acac)sNIT2Py-0.5H20 Mononuclear 21.18(1.0) 1x1077 13

26.0(3.5) 3x1078
[(Tb(hfac)3)s(NITPhOHexyl)s(H20):] Hexanuclear 24.4 1.1 x10° 14

27.7 2.7 %107
[Tb(hfac)3(NITPhCOOMe)]n 1D 36(1.0) 2.0x108 15
{[Tb(tfa)3]3(NIT-4Py)2} 2D 53.8 6.8 x 107 this work

hfac = hexafluoroacetylacetonate; NITPhOEt = 4'-ethoxy-phenyl-4,4,5,5-tetramethylimidazoline- 1-oxyl-3-oxide;
NIT-2Py = 2-(2'-pyridyl)-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide; NITpic = 2-(2'-pyridyl-3'-carboxyl)-
trifluoroacetylacetonate; NIT-BzImH =
NIT-Pyz = 2-{3-pyrazolyl}-4,4,5,5-

2-[3-(4-methyl-1,2,4-triazolyl)]-4.,4,5,5-
4'-[2-(1-0xyl-3-4,4,5,5-tetramethylimidazoline)-
NITpPy

4.,4,5,5-tetramethylimidazoline- 1-oxyl-3-oxide; tfa =
2-(2'-benzimidazolyl)-4,4,5,5-tetramethylimidazolyl-1-oxyl-3-oxide;
4-Me-3-NITtrz =
NITPhPO(OEt): =
HPhtfac =

tetramethylimidazoline-1-oxyl-3-oxide;
tetramethylimidazoline-1-oxyl-3-oxide;

4,4 4-trifluoro-1-phenylbutane-1,3-dione;

phenyl]diethoxylphosphine  oxide;

2-(4-pyridyl)-4,4,5,5-tetramethyl-4,5-dihydro- 1 H-imidazolyl-1-oxyl-3-oxide; NIT-3Py =
2-(3-pyridyl)-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide NIT-5-Br-3py =
2-(4,4,5,5-tetramethyl-3-oxylimidazoline-1-oxide)-5-bromo-3-pyridine; NITPhOHexyl =
2-(4-(hexyloxy)phenyl)-4,4,5,5-tetramethylimidazolin-1-oxyl-3-oxide); NITPhCOOMe =

2-(4-(methoxycarbonyl)phenyl)-4,4,5,5-tetramethylimidazolin-1-oxyl-3-oxide
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