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Single–ion magnets (SIMs) possessing a Dy(III) ion have recently
attracted huge scientific attention. Herein, we report on a
Dy(III)-radical single–molecule magnet containing a seven-
coordinate Dy(III) ion with an O3N3Cl donor set. The frequency–
dependent slow relaxation of magnetization has been observed

below 8 K. DC magnetic studies have shown the presence of
weak antiferromagnetic coupling between the Kramers ion
(Dy(III), J = 15/2) and the ligand-centered radical electron (S =

1/2) which was confirmed by multifunctional CASSCF calcula-
tions.

Introduction

The materials that display the magnetic memory effect have
become a part of everyday life in electronic devices.[1] These
molecular materials possess a special class of ions in which
desired magnetism originates from individual molecular com-
plex due to unique electronic and structural aspects.[2] The
magnetic properties can be improved by tuning them. The
molecular lanthanides complexes are perfect candidates as
materials for molecule based future electronic devices taking
the advantage of magnetic and optical properties.[1c] The
dependency on such magnetic materials is increasing daily due
to the ever–increasing demand for data–storing and data-
processing devices.[3–4] However, the data–storage capacity of
the traditional magnetic materials has achieved a limit. There-
fore, it is necessary to replace the present–day magnetic
materials from the devices with precise magnetic molecules/
complexes to increase their storage capacity.[1] In this regard,
single-molecule magnets (SMMs) are the potential candidates
for high-density data storage applications in which the
magnetic memory effect originates at the molecular level.
However, data storage in such SMMs has not been possible at

room temperature. For example, the highest achieved temper-
ature for blocking spin relaxation is only up to 80 K in a Dy(III)-
metallocene cation.[5] Since it is possible to replace a magnetic
domain with a tiny metal complex (i. e. SMM), it increases the
data storage capacity by several thousand times. Scientists
continuously strive to synthesize such complexes that can show
magnetic memory effect at ambient temperature.[6–7] As a result,
this field has received a captivating attention and further
achieved a huge progress since the first report of a Mn12-Ac
SMM by Sessoli et al in 1990[8] following which thousands of
metal complexes[6–8] with different paramagnetic metal ions
have been synthesized, characterized and studied for their
magnetic measurements and theoretical calculations.[9] A steady
shift from the synthesis of high spin and high nuclearity metal
complexes to low nuclearity or even single metal ion containing
complexes has been noticed over the past one and half
decades.[10] The ’philosophical evolution’ in this field has been
majorly centred around Dy(III) ion due to its desirable electronic
properties.[11–12] First, the 4f9 ground electronic configuration of
the lanthanides have a rather short-radius, preventing strong
covalent bonding with the ligands. Following Hund’s rules, the
ground state of this ion is 6H15/2, offering 2J+1 = 16 energy
levels which can be tuned by ligand environment to a large
extent. The axial ligand field allows to preserve the pure
rotational symmetry of the energy states, preserving their mJ

quantum numbers. It came out that many Dy(III) compounds
often possess a dominant ligand field environment, which
stabilises the Kramers doublet with mJ= �15/2 character in the
ground state. Therefore, Dy(III)-containing complexes often
show magnetic bistability, leading to SMM behaviour.[6–7] Dy(III)
ion often possesses a huge uniaxial single-ion magnetic
anisotropy with a set of axially coordinating ligands due to its
oblate type of electron density distribution.[13] Therefore, differ-
ent ligands have been employed to synthesize complexes with
variable geometry and study the effect of the ligand field on
the relaxation dynamics.[14]
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More than a decade ago,[15] Long et al. have shown that
coupling of Dy(III) ions with radical electrons can remove the
degeneracy of the ground state of a Dy(III) ion, preventing
zero–field quantum tunnelling of magnetization (QTM) in
(L)nLn2(N2

3� ) system (L=N(TMS)2
[15] or Cp*).[16–17] Similarly, Wang

et al. have isolated bimetallic azafullerene Dy2@C79N wherein
multiple magnetic centres inside the confined inner space of a
fullerene interact ferromagnetically, hence, enabling Dy2@C79N
to be a favourable SMM with a large energy barrier of U =

669 K.[17b–c] Since 4 f electron are localized in nature; therefore,
they cause weak exchange interactions; however, introducing
radical bridges can induce stronger exchange coupling. Liu
et al. reported a redox-active SMM, Ln2@C80(CH2Ph) (Ln=Tb, Dy,
Gd, etc.), wherein the lanthanide spins are radical–bridged by a
metal–metal bond.[17d] Notably, Tb2@C80(CH2Ph) shows a gigan-
tic coercivity of 8.2 Tesla at 5 K and a high 100 s blocking
temperature of magnetization of 25.2 K.[17d] There are several
other Ln-radical complexes that have been studied by dynamic
magnetic susceptibility measurements.[18–34] Remarkably, a very
wide hysteresis loop was displayed by molecular complex
(CpiPr5)2Dy2I3 possessing a radical electron inbetween two DyIII

ions engazing them in strong bonding interaction.[17e] A revelant
review by Tang et al have summarised the effect of metal-metal
bond in SMMs.[17f]

The most prominent reports include lanthanide complexes
with radical ligands such as semiquinoates, nitronyl nitroxides,
oxidized phthalocyanines, verdazyls, triazinyls, pyridyl–pyra-
zines, indigos, super–reduced dinitrogens, dibismuth and
bipyrimidyls.[16–32] Their studies have shown that the lanthanide
complexes with redox-active radicals and anionic ligands
exhibit stronger exchange interactions. The nature of the
magnetic coupling between radical electron on aminoxyl radical
ligands and lanthanide(III) ions [Ln=Ce to Dy and others] was
investigated by Kahn et al nearly two and half decades ago.[17g–i]

Moreover, the presence of radicals in these complexes are
expected to have a higher barrier and reasonably high blocking
temperature. For example, Das et al.[34a] and Long et al.[34b] have
utilized radical–anionic iminopyridine ligands[35a–b] to study
relaxation dynamics in dysprosium complexes containing
pseudo octahedral Dy(III) ions [Dy(III)(LNN*� )3].

[34] However, they
have not been studied by ab initio calculation except the
hypothetical non-radical analogue [Dy(III)(LNN)3]

3+ [34] quantum
chemical calculation and simulation of hyperfine energy levels
of anisotropic Dy-radical system is believed to be quite
challenging. Notably, the anionic Ln(III) bis-phthalocyanine
complex (LnPc2

� ) represents the first family of single–ion
magnets (Ln=Dy, Tb, Ho, etc.)[14] which grabbed everyone‘s
attention in the era of 3d-based (especially Mn(III)-based
coordination clusters) molecular clusters often displaying SMM
behaviour with ground-state spin of as high as possible.
Previously, we have studied the anionic TbPc2

� complex with-
out any radical electron and neutral Tb(III) bis–phthalocyanine
(TbPc2) complex containing a radical electron on one of the
phthalocyanine-ring (Pc) exploring the different aspects and
potential of radical electron containing TbPc2 complexes.
neutral TbPc2 complex with a radical electron on the ring could
be utilized as qudits.[36] Herein, we report on an antiferromag-

netically coupled redox-active Dy(III)-radical based single-mole-
cule magnet (SMM) [Li(I)Dy(III)(L1)(LNN*� )(Cl)] · tol (1) containing a
seven coordinate Dy(III) ion with an O3N3Cl donor-set with a
radical-anionic iminopyridine ligand and another co–ligand. The
experimentally obtained data has been well correlated with the
computational studies.

Results and Discussion

Syntesis

Anhydrous DyCl3, iminopyridine ligand (LNN) and lithiated salt of
co–ligand (Li–L1) were taken in a 3 :3 :4 molar ratio in a Schlenk
flask containing 10 mL of dry THF, and the stirring was started
in the glovebox (Scheme 1). After 5 min of stirring, one
equivalent (w. r. t. LNN) of K metal was added to the reaction
mixture. The subsequent stirring produced a dark green–
coloured reaction mixture, which was stirred for 10 hours. Then,
the reaction mixture was dried under a vacuum by removing
the THF solvent. After that, 20 mL of dry toluene, a less polar
solvent than THF, was added to the green residue and the
solution was further stirred for 10 min and concentrated under
vacuum. The concentrated solution was kept in the glovebox at
� 40 °C for crystallization. The block–shaped green crystals of
[Li(I)Dy(III)(L1)(LNN*� )(Cl)] · tol (1) suitable for single crystal XRD
were formed in a week. The yield was calculated to be 46%
based on DyCl3. Anal (%). calcd for complex 1
(C65H78ClDyLiN4O4) :C, 65.92; H, 6.64; N, 4.73 Found: C, 65.86; H,
6.25; N, 4.66. UV-vis bands at 365 and 690 nm. X band EPR at
room temperature and cyclic voltammetry (CV) studies of
complex 1 have been given in the SI.

Structural Description

The complex [Li(I)Dy(III)(L1)(LNN*� )(Cl)].tol (1) crystallizes in the
triclinic P-1 space group. The asymmetric unit contains one
Dy3+ ion, one Li+ ion, a chlorine atom, three ligand molecules
and a co-crystallized toluene molecule. The Dy3+ ion is septa-
coordinated with coordination environment N3O3Cl. The coordi-
nation sphere around the Dy3+ ion can be described as capped
trigonal prism (CTPR-7) geometry according to SHAPE 2.1
analysis (see Table S4).[37a] The Dy� O bond distances are in the
range of 2.240(3)–2.671(4) Å. The Dy� Cl bond length is

Scheme 1. Synthetic route of Dy-radical complex (1) containing a seven-
coordinate Dy(III) ion. Dipp=2,6-diisopropylphenyl.



2.5814(16) Å. The Dy� NLNN bond distances of 1 are 2.387(5)–
2.435(5) Å. The Dy� N bond distances in the pseudo-octahedral
Dy(III)-radical complex reported by Trifonov et al. and Shanmu-
gam et al. are in the range of 2.392(2)–2.4653(1) Å.[34] These
bond distances match with the system discussed in this paper.
The Li+ ion is tetra-coordinated with an O3N coordination
environment, which adopts distorted square planar geometry.
The Dy3+ and Li+ ions are connected through two O-bridges,
forming Dy� O� Li bond angles of 102.2(3) and 103.1(3)°.

The Dy� NPy distance in the radical anionic ligand is
2.435(5) Å, and the Dy� Nimine bond length is 2.387(5) Å. The
bond distances within the planar diimino-fragment
NPy� C� C� Nimine backbone in 1 are consistent with the radical,
anionic form of the LNN*� ligand. Here, the bond distances
NPy� C, C� C, and C� Nimine are 1.381(9), 1.400(10) and 1.339(8) Å,
which matches with the previously reported bond distances of
LNN radical anionic ligand (Figure 1 and Tables S1–S2).[34–35]

Magnetic Properties

The dc magnetic susceptibility measurements were performed
on a powdered sample obtained by grinding dark blue–black
single crystals of [Li(I)Dy(III)(L)(LNN*� )(Cl)] · tol (1 · tol) in the
temperature range of 2–300 K under the external magnetic field
(1 kOe).[14–27,34] Complex 1 · tol shows a χT value of
13.2 cm3Kmol� 1 at 300 K, consistent with the previously
reported SMMs containing a single Dy3+ ion.[15a–b–34b] The χT
product of [Dy(III)(LNN*� )3] · 0.5tol is 14.0 cm3Kmol� 1 at 300 K.[34b]

This may also be due to the solid-state effect.[15c] Also, the
experimental χT value is comparable to the theoretically
calculated value of 14.54 cm3Kmol� 1 for a non–interacting Dy3+

ion (g = 4/3 and 6H15/2) and one mono–radical (S = 1=2, g =

2).[6–27,34] Upon cooling, the complex exhibited a decrease of χMT

to reach the values of 7.95 cm3Kmol� 1 at 2 K (Figure 2, left),
which can be attributed to the thermal depopulation of the mJ

levels, which is an inherent property of the individual
dysprosium centres.[6] Also, it is visible that the sharp decrease
in χMT value below 50 K indicates the presence of the
antiferromagnetic interaction[16–17,34] between the Dy3+ and the
radical and was confirmed by calculations (vide infra). The χT
product of [Dy(III)(LNN*� )3] remained constant from 300 to 30 K
and below which it went down to ~9.5 cm3Kmol� 1 at 1.8 K from
15.29 cm3Kmol� 1 at 300 K, suggesting antiferromagnetic inter-
action between Dy(III) and radical electron on LNN ligand is
stronger in 1.[34a] Point to be noted that χT product fell to
~5.5 cm3Kmol� 1 at 1.8 K from 14.0 cm3Kmol� 1 at 300 K [Dy-
(III)(LNN*� )3] · 0.5 tol.[34b] It suggests that lattice toluene can cause
significant perturbation to the magnetic parameters.[34]

The field dependencies of magnetization were measured at
2 K, 3 K and 5 K for 1 · tol (Figure 2, right). The magnetization
approached saturation; however, the complex did not reach
saturation at 7 T due to interplay with the low-lying excited
states.[6] The dynamic behaviour of magnetization in complex
1 · tol was investigated by ac magnetic susceptibility measure-
ments using an oscillating ac field of 3.5 Oe at 1–1500 Hz
frequencies to probe the presence of slow relaxation of
magnetization.[6–27] The ac susceptibility contains the in-phase
(χM’) and the out-of-phase (χM’’) components and were measured
as a function of temperature (T) and as a function of the ac
frequency (ν), as shown in Figure 3. This complex 1 · tol displays
signals in the out–of–phase component (χM’’) of the ac magnetic
susceptibility without an externally applied dc field, indicating
strong frequency dependence and slow magnetisation
relaxation.[16–17] The maximum intensity of the out–of–phase
components gradually decreases with increasing temperature.
The maximum of the signal shifts from low frequency to high
frequency, indicating strong frequency dependence up to 7.2 K.
Both the curves plotted were fitted together using a general-
ized Debye model[37b] through which the relaxation times (t)
were yielded at particular temperature using the equation
t ¼ 2pv. The values of a are in the range 0.5–0.6 indicating the
presence of more than one relaxation pathway operating at
these temperatures. This can also be viewed on Cole-Cole plots
obtained within the temperature of 2–7.2 K as they show
asymmetric semicircular shapes implying multiple pathways of
relaxation (Figure 4). The α values and other fitting parameters
at different temperatures have been given in the ESI (Table S3).

The Arrhenius graph of 1 · tol, plotted using the natural
logarithm of the relaxation time (ln τ0) and the inverse of
temperature (1/T), showed a curvature indicating that the
dynamics cannot be modelled using a simple Orbach mecha-
nism. Here, the data could be fitted using thermally activated
Orbach [/ exp(� Ueff/kBT)] and Raman processes (/ Tn), accord-
ing to the equation (1).

t 1 ¼ t 1
0 e

Ueff
KB T þ CTn (1)

Where τ is the inverse of the ac frequency, T is the
temperature of the maximum in the ac signal, Ueff is the
effective energy barrier, kB is Boltzmann’s constant, and C and τ0

Figure 1. The molecular structure of the complex [Li(I)Dy(III)(L1)(LNN* )(Cl)] · tol
(1 · tol) and its core structure.



are the fitting parameters of the different relaxation
mechanisms.[6–28]

The fitting using the above equation in the 2–7 K temper-
ature range resulted in a low energy barrier of Ueff=5 K and
pre-exponential factor of τ0=1.2×10� 4 s with C =0.014, n =6.46
for 1 tol. However, to confirm the QTM contribution, fitting of
the data was performed by including the QTM parameter using
the following equation (2) which has showed negligible QTM
contribution (tQTM =~1024) (Table 1).

Figure 2. The χMT versus T (top; H=1 kOe; a–b) and M versus H (bottom; c–
d) plots of complex 1 · tol. Comparison between calculated and measured
magnetic susceptibility (a, b) and molar magnetization (c, d) of 1 · tol, using
the two methods described in the text. Powdered samples were obtained by
grinding the single crystals 1 · tol for magnetic measurements.

Figure 3. In-phase (χM’) vs frequency (top) and out-of-phase (χM’’) vs
frequency (bottom) components of ac magnetic susceptibility of com-
plex 1 · tol.

Figure 4. Arrhenius plot (Top) of relaxation time vs 1/T and Cole-Cole plot
(bottom) of complex 1 · tol.



t 1 ¼ t 1
0 e

Ueff
KB T þ CTn þ t 1

QTM (2)

Previously reported complexes [Dy(III)(LNN*� )3] and [Dy-
(III)(LNN*� )3] · 0.5 tol having a six-coordinate Dy(III) ion (with
distorted octahedral coordination geometry) possess additional
QTM process. The reversal of magnetization happens via
Orbach, Raman and QTM processes.[34] The thermal energy
barrier of the latter is reported to be 28/34 cm� 1 in the
absence/presence of the external dc magnetic field of 1 kOe.[34b]

The former complex[34a] possesses two relaxation processes (fast
and slow), having energy barriers of 23.5 and 10.3 cm� 1,
respectively. The relaxation time for the Orbach process is
significantly slower in 1 · tol in the absence of the external dc
field. The molecular complexes are stacked in solid material
with some shorts of overall attraction inter-molecular forces.
The phonon vibrations for the corresponding slow relaxation of
magnetization can pass from one molecular complex to it
neighbouring complexes leading to a more complicated
situation.[34,35c]

Ab Initio Calculations

Further insight into the electronic structure and properties of
complex 1 was obtained through ab initio and density func-
tional theory (DFT) calculations. Ab initio multireference calcu-
lations were used to derivate the electronic energy states and
crystal field splitting,[38–39] while the broken symmetry DFT
calculations were employed to derivate the magnetic exchange
interaction.[40] The low-lying electronic structure of complex 1
can be understood as the spin coupling between the ground
state of the Dy3+ ion (6H term) and the radical electron (2S
state), giving rise to a high-spin term (7H, Dy� R ferromagnetic
coupling) and a low-spin term (5H, Dy� R antiferromagnetic
coupling). Excited terms also undergo similar exchange cou-
pling to give rise to 7F and 5F terms. The energy separation of
the high-spin and low-spin states is due to the magnetic
exchange interaction. It is expected to be significantly smaller
than the crystal field splitting of these terms. Figure 5 shows
the energy spectrum of the low-lying electronic structure of
complex 1, as obtained in the calculations. Ab initio multi-
configurational calculations were based on the full molecular
structure obtained in X-ray measurements without computa-
tional structural optimization. RASSCF/RASSI calculations were
performed on an active space of 18 electrons in 17 orbitals.[41]

All atoms were described with the ANO-RCC basis sets, which
include relativistic corrections for core orbitals. Dy and all

closely spaced atoms were described with large VTZP basis sets,
while distant atoms were described with medium VDZP basis.[42]

All molecular orbitals and low–lying excitations were evaluated
within Complete Active Space Self Consistent Field (CASSCF)
calculations.[43] The active space included the 5 s25p6 shells in
RAS1 space, 4f9 and the radical in RAS2 space and the 5d shell
in RAS3 space.[44] Configurations with a maximum of 2 holes in
RAS1 and 2 electrons in RAS3 were allowed. The terms H and F
of high–spin and low–spin configurations were computed
(18 roots for each spin value) and were subsequently mixed by
the spin–orbit coupling in RASSI. The latter interaction was
accounted for within a one-center mean-field approximation
(AMFI). SINGLE_ANISO and POLY_ANISO software described
magnetic properties based on the calculated low-lying
states.[45–50] The obtained crystal-field splitting of the 5H and 7H
terms (Figure 5, left) and subsequently of the 5H7 and

7H8 spin–
orbit multiplets are given in Table 2. The anisotropic axis on the
Dy-centre has been shown in Figure 5, right with dotted red
lines. Broken-symmetry DFT calculations were done using ORCA
quantum chemistry software[51] to find the strength of the
magnetic interaction between the radical and the lanthanide
ion. For these purposes, the Gd–1 substituted model of the
original compound 1 was employed, where the Gd ion
computationally replaced the Dy. The metal substitution stems
from the near-orbital degeneracy of the low–lying state of the
Dy3+ site, making it unsuitable for DFT description. The ground
state of the Gd3+ ion is 8S, non-degenerate, and therefore
suitable for DFT.[52] BP functional was employed alongside def2-
TZVP basis sets and very tight convergence thresholds.
Calculated exchange couplings obtained for Gd� R were
rescaled by coefficient 7/5 to match the exchange Hamiltonian
bHex ¼ � JbSDybsRad (bSDy ¼

5
2 ;
bSGd ¼

7
2Þ. The calculated magnetic ex-

Table 1. Different fitting parameters of AC data of complex 1.

without QTM with QTM

τ0 = 1.2×10 4 τ0 = 1.51×10 4

Ueff 5 4.8

n 6.46 4.9

τ(QTM) – 6×1024

Figure 5. Low–lying term energy structure of complex 1. Note that the
crystal field splitting of the 7H and 5H terms have a similar pattern but are
not identical. The relative energy separation between 5H and 7H was left as
an adjustable parameter with a best–fitted value of about 20 cm 1,
corresponding to an effective J = � 6.7 cm 1 (left). The Red dashed line shows
the orientation of the main magnetic axis in the ground state of 1 in the
molecular frame. Color scheme: Dy-cyan, Cl-green, C-dark grey, Li-pink, N-
blue. Hydrogen atoms are not shown for clarity (right).



change value depends on the applied formula (Noodleman,
Bencini & Gatteschi or Yamaguchi) and ranges between � 4.3
and � 12.3 cm� 1. Similar exchange values were obtained with
other basis sets and DFT functionals.41d The extracted JGd-radical
value of previously reported [Gd(LNN

*� )3] is � 1.85 cm� 1 (anti-
ferromagnetic coupling) with radical–radical coupling constant
of � 111.9 cm� 1.[34a] Kahn et al have reported JGd-rad= +6.1 cm� 1

(ferromagnetic coupling) for [Gd(aminoxyl radical)2(NO3)3] with
the radical-radical coupling constant (J’) of � 7.0 cm� 1.[17g]

Ferromagnetic coupling was also observed in Dy-analogue.[17h–i]

Gatteschi et al also have reported ferromagnetic coupling for
Gd(III)-radical magnetic interaction.[17b,33b–c]

The spin density distribution of the radical alone was found
using the spin-unrestricted DFT calculation on the Lu–1, which
was obtained by substituting the Dy with diamagnetic Lu in the
calculation. Figure 6 shows the spin density distribution of the
radical in this compound. Time-dependent DFT calculations
evaluated excited states of Lu–1, and it was found that they lie
about 10400 cm� 1 higher in energy than the ground state.

As such, we may conclude that excited states on the radical
do not participate significantly in magnetic exchange. Two
semi–ab initio approaches were employed to extract the
magnetic exchange using the measured magnetism. The first
method consisted of adjusting the relative energy difference
between the 7H and 5H terms (at their barycenter) and mixing
them by spin-orbit coupling in RASSI.[41] The crystal–field
splitting of these terms and their wave functions were kept as
in the original ab initio calculations (as listed in Table 2). The
resulting spin-orbit states were used for the description of the
magnetism of compound 1 using the SINGLE_ANISO
program.[45–49]

The best–fitting parameter was � 20 cm� 1, corresponding to
a J value of about � 6.7 cm� 1. As an alternative to the above
method, the magnetic properties of 1 were described within
the Lines model by employing POLY-ANISO software. We used
the ab initio results for the cation 1+ for these purposes, while
the radical was modelled as isotropic S =1/2. The molar
magnetization and magnetic susceptibility were best described
using the J= � 7.0 cm� 1 for the mentioned exchange Hamil-
tonian, in close agreement with the one predicted by the first
method. Figure 2 shows the comparison between measured
and calculated magnetism for both methods. A similar theoret-
ical calculation on previously reported [Dy(LNN

*� )3]
[34] has not

been carried out. However, JDy-rad is estimated to be � 1.32 cm� 1

based on the JGd-rad extracted from the fitting of χT vs T plot
(� 1.85 cm� 1).[33b–c,34a] It is noted that the agreement between
measured and calculated powder magnetization is quite good,
while the description of measured susceptibility is less
satisfactory. Based on the obtained low-lying exchange eigen-
states, the blocking barrier plot is built by arranging energy

Table 2. Low-lying energy states for 1, 1+ and of the radical alone (in cm 1).

No radical,
Cation 1+,
6H term

No radical,
Cation 1+,
6H15/2 multiplet

Neutral 1,
7H term

Neutral 1,
7H8 multiplet

Neutral 1,
5H term

Neutral 1,
5H7 multiplet

Excited states on
radical alone

0.0 0.0 0.0 0.0 0.0 0.0 10476.4

15.3 0.0 16.6 0.4 23.3 3.0 13447.1

108.6 63.8 80.5 16.1 71.2 19.5 16631.7

143.0 63.8 86.8 16.8 92.2 23.0 21950.9

230.7 113.8 255.5 133.0 257.9 156.2 22073.7

266.9 113.8 323.3 134.8 327.5 171.8 23035.1

310.1 184.5 345.4 180.4 349.9 215.5 23566.8

417.2 184.5 419.1 195.4 424.1 244.8 23994.2

444.2 221.0 425.4 228.8 425.5 251.4 24997.2

498.4 221.0 558.8 243.1 557.3 273.9 25453.4

518.8 277.8 563.4 264.4 562.1 295.9

277.8 290.5 405.5

377.2 294.7 407.4

377.2 403.2 466.2

412.4 404.6 468.3

412.4 453.8

454.5

Figure 6. Spin density distribution of the radical alone, as computed for Lu–
1.



states as a function of their intrinsic magnetic moment along
the quantization axis (i. e. the main axis of ground KD of Dy site,
the magnetization blocking barrier of 1) (Figure 7).

The fitting of the AC susceptibility data employing equa-
tions (1) and (2) showed that the effective energy barrier for the
Orbach process is nearly 5 cm� 1. However, the overall reorienta-
tion of the magnetization complex 1 is most possibly accom-
panied by other processes as well (Raman and QTM). Our
ab initio calculation revealed that the corresponding energy
barrier for the Orbach process is likely to be ~15 cm� 1 (first
excited state). The deviation can be attributed to the interplay
between all these processes. A similar problem has been
recently addressed in dipotassiumtetrachloride-bridged dyspro-
sium metallocenes.[10b] In past the authors were not regeularly
discussing the eorror bars in the fitting of the data which has
been addressed in the report of the dysprosium
metallocenes.[10b]

Conclusions

In conclusion, we have synthesized and isolated an air and
moisture-sensitive Dy(III)-mono-radical coordination complex
containing a Dy(III) ion with seven coordination numbers. The
radical electron of the anionic NN-donor ligand is weakly
antiferromagnetically coupled with the Dy(III) ion. The slow
relaxation of magnetization has been displayed below 8 K with
a relatively high relaxation time (τ0=1.2×10� 4 s). Ab initio
calculations explained the low-lying energy structure and
magnetism, revealing the origin of the fast-magnetic relaxation
in this compound, unlike previously studied Dy(III)- based SIM
with seven coordination numbers.11 Our multi-reference/func-
tional CASSCF calculations rationalize the experimental results
quite well. Our investigation shades deeper insight into Dy-
radical based SMM, especially to two closely relevant Dy(III)-tri-
radical complexes.[34]

Supporting Information
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