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The reaction of Dy(0,CMe);exH,0 and Ga(NOs)s3*xH,0 led to the
isolation of ("BusN)[Ga"'sDy"(OH)4(shi)s] (1). The compound
possesses a unique chemical structure enclosing the central
magnetic Dy" ion between diamagnetic Ga''-based metallacrown
12-MC-4 ligands. The double-decker complex exhibits field-induced
single-molecule magnet (SMM) behaviour with an effective energy
barrier (Ueg) of 39 K (27.1 cm!). Consistent with the observed slow
relaxation of magnetization, theoretical calculations suggest a
ground state mainly determined by |t11/2> in the easy axis
direction.

The high demand on miniaturization of components for the
development of smaller and novel devices has led to the use of
nanoscale systems. Single-molecule magnets!3 are individual
molecules (of a few nanometers) that have been in the spotlight of
researchers for over 25 years since they have proven to be promising
candidates for various applications such as high-density data storage,
guantum computation, magnetic refrigeration and spintronics.4-7
While in the beginning the interest was focused on polynuclear 3d-
based SMMs,8 right after the discovery that the mononuclear [Pc,Tb]
(Pc = phthalocyaninato) complex exhibits slow relaxation of
magnetization, the 4f elements became the focal point, improving
immensely the SMM performance.®-1! This second generation of
SMMs, also known as single-ion magnets (SIMs), is based on the
magnetic anisotropy of a single ion, which arises from the
combination of spin-orbit coupling and the crystal field. The selection
of the appropriate coordination environment, depending on both
the electronic f-shell shape of the magnetic center!213 and an
adequate choice of ligands,!4 are crucial factors for the enhancement
of their properties. The latest example highlighting the
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aforementioned approach, is the report of a dysprosocenium
complex displaying magnetic hysteresis at temperatures above 77 K
where nitrogen liquefies.1®

The SMM behavior of monometallic phthalocyaninato
sandwich complexes of Tb'" and Dy"' showed that the organic ligand
used is of great importance.®.1¢ In these previous findings it has been
shown that the generated D4y symmetry around the lanthanide ion
reveals an effective way for the improvement of SMMs. This desired
coordination environment around the lanthanide can be also
achieved with the isolation of metallacrowns (MCs).1” Hence, we
decided to employ MCs as ligands and coordinate them with
lanthanides, targeting the formation of double-decker systems.
Lately, it has been observed that the use of diamagnetic metal ions
in combination with anisotropic paramagnetic ones can enhance the
effective energy barrier, with a few examples using Zn'", Mg", Al'" and
others, already reported.18-20 Furthermore, the use of diamagnetic
Ga(lll) ions can play the role of magnetic dilutor, isolating the central
Dy(lll). In such a way, the dipole-dipole interactions get weaker
having as an outcome the suppression of quantum tunnelling of
magnetization (QTM) leading desirably to improved magnetic
properties. As such, the employment of a Ga(lll)-based MC systems
is a novel approach towards the synthesis of 12-MC-4 SIMs and it sets
the starting line for the exploration of future structurally optimized
double decker systems with improved properties.

Metallacrowns, firstly reported in 1989 by Pecoraro and
Lah,2! are inorganic analogues of organic crown ethers and they
possess a repeating [-M-N-O], unit which assists in the formation of
the characteristic MC cyclic motif. These complexes have the ability
to encapsulate a central metal ion in their cavity, similar to crown
ethers, and their ring size varies from 9-MC-3 to 60-MC-20.22
Recently, the incorporation of 4f metal ions in the central cavity of
those compounds, has brought them into the forefronts of the field
since these molecules can be excellent choices for molecular

recognition,?3 molecular magnetism?* and luminescent
technologies.2>:26
Lately, the enhancement of the inherent luminescent

properties of lanthanides using diamagnetic Ga(lll) ions as periphery
ring metal ions, have been reported.21.2427 Pecoraro and coworkers
synthesized a Ga(lll)/Ln(l11) 12-MC-4 complex using salicylhydroxamic
acid, in which they have extensively investigated the structural and
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luminescent properties.2* However, magnetic studies have not yet
been performed. Herein, we report the synthesis, structural and
magnetic characterization of the first double-decker Ga(lll)/Dy(lll)
12-MC-4 complex using salicylhydroxamic acid as an organic
bridging/chelating ligand. Theoretical calculations were employed in
order to assist with the deeper understanding of the magnetic
behaviour of our compound. To the best of our knowledge, no
double-decker or sandwich-type Ln(lll)-Metallacrown complex has
been published up to now.

The general reaction of Ga(NOs);*H,0, Dy(O,CMe)sexH,0,
shaH; (Scheme 1, Sl), BusNClO4 and piperidine in a 8:1:8:3:8 molar
ratio, in MeOH gave a white suspension that under extended stirring
remained undissolved. Upon filtration, the colorless solution was left
to slowly evaporate which led to the formation of small colorless
plate crystals of ("BusN)[Ga"'sDy"(OH)4(shi)s] (1) in ~35 % vyield. The
chemical and structural identity of complex 1 was proven by single-
crystal X-ray crystallography, elemental analyses (C, H, N) and IR
spectroscopy (Supporting Information).

Fig. 1 Schematic representation of complex 1. Color scheme: Ga'", aqua; Dy", yellow; N,
blue; O, red; C, black. H atoms are omitted for clarity.

Single-crystal diffraction studies unveiled that complex 1
crystallizes in the monoclinic P2/c space group (Table S1). The
oxidation states and the assignment of the ligands’
protonation/deprotonation level in 1 were based on metric
parameters and charge balance considerations. The compound
consists of a [Ga'lsDy"(OH)4(shi)g]- anion which is counterbalanced
by a "BusN* cation, while there are also MeOH and H,0 molecules in
the lattice. The anion comprises eight Ga'' atoms and one Dy"' atom
arranged in a sandwich-like topology. The Ga'' atoms are located
above and below the planes of the central lanthanide ion. The basal
Ga'' atoms are bridged via the oximate groups of eight triply
deprotonated shi3 ligands in a nl:nl:n:nZ:ps fashion, while the two
deckers are connected to each other via the four pu-OH bridges. The
oximato O atoms provided by the ligand are coordinated to the
central Dy"" atom, serving as linkers of the two deckers. As a result,
the Dy is enclosed by eight O atoms and possesses a distorted
square antiprismatic coordination geometry (distorted D44) around
the dysprosium ion (CShM = 1.18, Figure S1, Table S4). All Ga atoms
are five-coordinate with slightly distorted to almost perfect square
pyramidal geometries (t = 0.26 - 0.06) as it was defined by the
trigonality index parameters.22 The overall {Ga'lsDy"(u-OH)4(u-
NO)s}>* core of 1 (Figure S2) reveals that the basal GaeeeGa and the
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GaeeeDy distances are in the ranges of 4.691(1)-4.714(1) and
3.716(1)-3.747(1) A, respectively, while the GaeeeGa distances
between the two deckers are between 3.387(1) and 3.418(2) A. The
Ga-0-N-Ga torsion angles lie within the 165.3-176.4°range. As it is
observed the torsion angles are quite close to 180° and that explains
the almost perfect planarity of the two 12-MC-4 planes. Finally, the
Dy-Dy intermolecular distances are in the range of 13.406(1) -
13.691(1) A meaning that the Dy atoms are isolated in such an
arrangement (Figure S3). Certain critical geometrical parameters
were acquired for complex 1in order to get a deeper understanding
of the inner coordination sphere of the dysprosium ion (Figure 2).

Figure 2. Structural parameters discussed in the text for complex 1. Yellow ball:
Dysprosium, red ball: oxygen.

The 6 angle, which corresponds to compression or elongation along
the tetragonal axis depending on its value, is the angle between the
four-fold axis and the Ln-O bond direction. The magic value for
perfect eight-coordinate square antiprismatic systems is 8 = 54.74°,
whilst larger angles are consistent with compression and smaller
ones correspond to elongation.?2.22 Complex 1 possess an average 6
value of 54.29° revealing a subtle axial elongation for the surrounding
of the central lanthanide ion. Another important parameter that was
calculated is the skew angle ¢, which defines the angle between the
diagonals of the two Oy-planes. When ¢ is 0 a perfect square
prismatic geometry is expected, while when ¢ is 45° a perfect square
antiprismatic geometry is expected. Complex 1 possesses an average
¢ value of 36.40° which further supports the finding of distorted
square antiprismatic geometry of the central Dy" ion. The
interplanar distance (dpp), was found to be 2.710(1) A, while the
distances d; and d; were both found to be 1.355(0) A. Finally,
compound 1 is the first and only example of a sandwich-type or
double-decker lanthanide 12-MC-4 complex and the first possessing
diamagnetic Ga' metal ions as the periphery metal ions,
encapsulating a paramagnetic Dy ion in the middle.

Solid state, direct-current (dc) magnetic susceptibility studies were
performed in the temperature range of 2 — 300 K on a freshly
prepared and analytical pure (see Supporting Information)
microcrystalline sample of 1¢5H,0 under an applied field of 0.1 T.
The xuT product at 300 K is slightly above the value of 14.17 cm3K
mol-! expected for one non-interacting Dy" ion ( 6H1s/,, S=5/2,L =5,
) = 15/2, g = 4/3) (Figure S4). The xuT product shows a slow and
steady decrease upon cooling from 300 K till 50 K, while after that a
sharper decrease is observed till 2 K, where it reaches the value of
9.18 cm3 Kmol. The decrease at low temperature is characteristic
for the depopulation of the Zeeman split crystal field levels. The field
dependence of magnetization was also measured for complex 1 in
the temperature range of 2 - 10 K under a variety of magnetic fields
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of the 0 - 7 T range (Figure S5). As displayed in Figure S6, the values
of magnetization increase sharply at low fields while after that a
more continuous increase is observed for compound 1. The value of
magnetization of complex 1 at 2 K under the applied field of 7 T is
5.95 us, not reaching saturation. The lack of saturation in
magnetization is suggestive of the presence of magnetic anisotropy
and/or population of the Dy low-lying states.

To further understand the observed magnetic behaviour of complex
1, theoretical calculations were carried out using the SIMPRE
computational package.3° The static magnetic susceptibility (Figure
S4) was successfully simulated with a relative error of £ = 1.2:10*
using the Radial Effective Charge (REC) model (D, = 1.26 A and Z; =
0.045) (see details in Sl).31 The calculated magnetization curves are
also in a good agreement with the experimental data (Figure S5).
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Fig. 3. Energy diagram of Dy(lll) electronic sublevels according to performed calculations.

According to our calculations, the ground state wave function is
mainly composed by 79% of the |+11/2> microstates in the easy axis
direction, which is congruent with the observed slow relaxation of
the magnetization. The first excited doublet is located at about 15
cml, showing a large contribution (81%) of another high spin
microstate (+13/2) and widely separated from the rest of energy
levels (Figure 3). This distribution of the energy levels is similar to
other Dy-based compounds with Dss symmetry such as Pc,Dy3?,
[Dy(Ws01s)2]° 33 or [PPh4][Dy{Pt(SAc)s}.] 34, where the ground and
first excited doublets are dominated either by £11/2 or £13/2, while
+15/2 governs the highest in energy Kramers doublet. This contrasts
with very axial systems like dysprosoceniuml®1l where a large
negative Bg stabilizes an isolated +15/2 ground state. Furthermore,
the distortion of the local symmetry, quantified by the skew angle (¢
= 36.40°), results in remarkable contributions of extra-diagonal CFPs
that induce mixing between the M, microstates as one can observe
in Tables S5 and S6. Indeed, a fit of the magnetic properties by only
considering the diagonal CFPs could not reach satisfactory results,
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emphasizing the important role of the non-negligible extradiagonal
terms to model the properties of 1. Regarding the total splitting of
the ground-J multiple, we found that it is about 550 cm, which
suggests that the MC framework provides a moderately large ligand
field, although comparable with other oxygen-coordinated Dy"
compounds reported in the literature.353¢ More details about the
employed electrostatic model are available in the Supporting
Information.

Alternating-current  (ac)
performed for complex 1 in a zero-applied dc field, with a 3 Oe ac

susceptibility measurements were
field oscillating at frequencies from 1-1400 Hz in the temperature
range of 1.9-5.5 K. Complex 1 displays frequency-dependant tails of
sighals below 5.5 K at zero field, indicative of the presence of fast
relaxation of magnetization (Figure S6-59). This means that the slow
relaxation of magnetization and QTM coexist. The lack of the
appearance of the X" peak maxima at zero field led to further
investigations, using the assistance of an applied field of 1000 Oe (at
frequencies from 1-1400 Hz and at a temperature range of 1.9-5.5K)
aiming to shift the peaks and supress the QTM (Figure S10). After the
application of the external field, the field-induced SMM behaviour of
compound 1 is clearly pronounced since the x' and X" values are
significantly increased and the peaks maxima are clearly visible
(Figure 4). In zero dc field the Kramer Dy(lll) ions, which possess an
easy-axis anisotropy, can be affected by the dipole-dipole and
hyperfine interactions, allowing the mixing of the ground state M,
microstates thus advancing the QTM over thermal relaxation
processes.’337 |In order to reduce or even remove the QTM, an
external magnetic field was employed. The Cole-Cole plots for 1 in
the temperature range of 1.9 K-5.5 K display semicircular shapes and
a generalized Debye model (Cole-Cole model) was used for fitting of
the data.383°The obtained a values are in the range of 0.47- 0.36,
implying a distribution of relaxation times and possibly indicating the
presence of multiple relaxation pathways due to a combination of
thermally assisted processes and QTM, proven additionally from the

fitting discussed.

Fig. 4 Frequency-dependent ac susceptibilities in an applied field of 10000e for complex
1. The solid lines represent fitting of the data.

We plotted In(t) versus 1/T (Figure 5) and a linear behaviour is
observed for the high temperature regime, revealing the presence of
a thermally activated Orbach pathway. A fit was obtained taking into
account the Raman process as well which dominates at the low
temperature regime according to the equation t! = CT" +15lexp(-
Uert/KsT), where CT" corresponds to the Raman relaxation and the
last terms relate to the Orbach relaxation pathway.%? The best fit
parameters are n = 9.0(4), C= 0.0019(5) s1K-9, U= 39.00 + 0.04 K or
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27.1cm, 9= 2.27(5) x10-8 s (Figure 5). The larger value of Uy when
compared to the energy of the first Kramers Doublet suggests a
complex relaxation process that may imply the second excited state
as has been shown in other Dy complexes#142 and/or indicate the
presence of off-resonance phonons that are thermally activated
above the energy of the first excited state, inducing fast relaxation
10,43, Finally, due to the rather modest observed anisotropy barrier
and the strong presence of the Raman component, we also
performed a fit using uniquely the Raman process (Figure S12), which
evidenced that the Orbach contributions dominates at the high
temperature regime. More details can be found as a Supporting
Information.
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Fig. 5 (left) Arrhenius plot showing the magnetization relaxation of 1 under an applied
field of 1000 Oe. (right) Cole-Cole plots for compound 1 using the ac susceptibility data
under a field of 1000 Oe from 2.1 Kto 5.5 K. The solid lines represent the best fit obtained
using the generalized Debye model.

Preliminary photoluminescence studies have been performed and
shown in Figure S13. Complex 1 shows a strong blue emission upon
maximum excitation at 341 nm. The excitation spectrum clearly
shows that there is a direct excitation of the Dy(lll) ion through f-f
transitions (Figure S14). While the broad band at ~375 nm is most
likely due to strong charge transfer effects, the bands at 474, 581,
670 and 757 nm can be attributed to the characteristic 4Fg/2—>°H1s/2,
4F9/2>%H13/2, *Fo/2>®H11/2 and 4Fg/,—>6Hg/, emission transitions of Dy
ions, respectively.** Up to now, neither fluorescence nor absorption
spectra associated with lanthanide centres have been reported in Ln-
based phthalocyanine (Pc) double-decker complexes. 45

In conclusion, we have shown that the reaction of Ga(NOs);¢H>0,
and Dy(O,CMe)s;*xH,0 in the presence of salicylhydroxamic acid
leads to the isolation of a novel Ln(lll) double-decker 12-MC-4 or
sandwich type complex, which
magnetization both at zero and with an applied magnetic field.

shows slow relaxation of
Experimental measurements further confirmed the SMM nature of
our {GagDy} complex upon application of an external field of 1000
Oe, giving an effective energy barrier of Ues = 39.00 + 0.04 K (27.1
2.3(5) x108 s,
the dysprosium-based
emission of the compound. This work paves the way to the use of

cm?l) and a relaxation time T = while

photoluminescence studies recorded
metallacrowns as a versatile scaffold for the rational design of SIMs.
Based on this proof-of-concept, more exciting compounds with
improved properties can be envisioned, following a judicious

chemical design of the coordination environment. Work in progress
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involves the isolation and characterization of more members of the
lanthanide series, such as Tb", Ho", Er', as well as the deeper
investigation of the role the Ga(lll) ions play regarding the observed
slow relaxation of magnetization of the resulting novel {GagDy}
compound.

We would like to thank Dr. Dieter Schollmeyer for the collection
of the X-Ray diffraction data of our complex. A. A. A. is a
member of (SFB/TRR) 173 “Spin+X - Spin in its collective
environment” and a fellow of the Excellence Initiative by the
Graduate School of Excellence Materials Science in Maingz,
Germany (DFG/GSC 266), both initiated by the Deutsche
Forschungsgemeinschaft (DFG, German Research Foundation).
J. J. B. acknowledges the EU for a Marie Curie Fellowship
(H2020-MSCA-IF-2016-751047)

Conflicts of interest

“There are no conflicts to declare”.

Notes and references

1 D. Gatteschi, R. Sessoli and J. Villain, Molecular Nanomagnets,
Oxford University Press, 2006.

2 R. Winpenny and G. Aromi, Eds., Single-molecule magnets and
related phenomena, Springer, Berlin ; New York, 2006.

3 G. Christou, D. Gatteschi, D. N. Hendrickson and R. Sessoli, MRS
Bulletin, 2000, 25, 66—71.

4 Y.-N. Guo, G.-F. Xu, Y. Guo and J. Tang, Dalton Transactions, 2011,
40, 9953.

5 N. F. Chilton, S. K. Langley, B. Moubaraki, A. Soncini, S. R. Batten
and K. S. Murray, Chemical Science, 2013, 4, 1719.

6 R.J. Blagg, F. Tuna, E. J. L. Mclnnes and R. E. P. Winpenny,
Chemical Communications, 2011, 47, 10587.

7 Y.-Z. Zheng, G.-). Zhou, Z. Zheng and R. E. P. Winpenny, Chem.
Soc. Rev., 2014, 43, 1462-1475.

8 R. Sessoli, D. Gatteschi, A. Caneschi and M. A. Novak, Nature,
1993, 365, 141-143.

9 N. Ishikawa, M. Sugita, T. Ishikawa, S. Koshihara and Y. Kaizu,
Journal of the American Chemical Society, 2003, 125, 8694—-8695.

10 C. A. P. Goodwin, F. Ortu, D. Reta, N. F. Chilton and D. P. Mills,
Nature, 2017, 548, 439.

11 F.-S. Guo, B. M. Day, Y.-C. Chen, M.-L. Tong, A. Mansikkamaki
and R. A. Layfield, Angewandte Chemie International Edition,
2017, 56, 11445-11449.

12 J. ). Baldovi, S. Cardona-Serra, J. M. Clemente-Juan, E.
Coronado, A. Gaita-Arifio and A. Palii, Inorganic Chemistry, 2012,
51, 12565-12574.

13 S.T. Liddle and J. van Slageren, Chemical Society Reviews, 2015,
44, 6655—6669.

14 L. Escalera-Moreno, J. J. Baldovi, A. Gaita-Arifio and E.
Coronado, Chem. Sci., 2018, 9, 3265—-3275.

15 F.-S. Guo, B. M. Day, Y.-C. Chen, M.-L. Tong, A. Mansikkamaki
and R. A. Layfield, Science, 2018, eaav0652.

16 N. Ishikawa, Polyhedron, 2007, 26, 2147-2153.

17 P. Happ, C. Plenk and E. Rentschler, Coordination Chemistry
Reviews, 2015, 289-290, 238-260.

This journal is © The Royal Society of Chemistry 20xx



Please do not adjust margins

Journal Name

18 A. Upadhyay, C. Das, S. Vaidya, S. K. Singh, T. Gupta, R. Mondol,
S. K. Langley, K. S. Murray, G. Rajaraman and M. Shanmugam,
Chemistry - A European Journal, 2017, 23, 4903—-4916.

19 J. Ruiz, G. Lorusso, M. Evangelisti, E. K. Brechin, S. J. A. Pope and
E. Colacio, Inorganic Chemistry, 2014, 53, 3586—3594.

20 S. K. Langley, N. F. Chilton, B. Moubaraki and K. S. Murray,
Chemical Communications, 2013, 49, 6965.

21 M. S. Lah, M. L. Kirk, W. Hatfield and V. L. Pecoraro, Journal of
the Chemical Society, Chemical Communications, 1989, 1606.

22 G. Mezei, C. M. Zaleski and V. L. Pecoraro, Chemical Reviews,
2007, 107, 4933-5003.

23 L. F. Jones, C. A. Kilner and M. A. Halcrow, Chemistry - A
European Journal, 2009, 15, 4667—-4675.

24 C.Y.Chow, S. V. Eliseeva, E. R. Trivedi, T. N. Nguyen, J. W.
Kampf, S. Petoud and V. L. Pecoraro, Journal of the American
Chemical Society, 2016, 138, 5100-5109.

25 C.Y. Chow, E. R. Trivedi, V. Pecoraro and C. M. Zaleski,
Comments on Inorganic Chemistry, 2015, 35, 214-253.

26 A. A. Athanasopoulou, C. Gamer, L. Volker and Eva Rentschler,
NOVEL MAGNETIC NANOSTRUCTURES: unique properties and
applications., ELSEVIER, S.I., 2018.

27 Q.-W. Li, J.-L. Liu, J.-H. Jia, Y.-C. Chen, J. Liu, L.-F. Wang and M.-L.
Tong, Chemical Communications, 2015, 51, 10291-10294.

28 A.W. Addison, T. N. Rao, J. Reedijk, J. van Rijn and G. C.
Verschoor, J. Chem. Soc., Dalton Trans., 1984, 1349-1356.

29 M. A. Sgrensen, H. Weihe, M. G. Vinum, J. S. Mortensen, L. H.
Doerrer and J. Bendix, Chemical Science, 2017, 8, 3566—3575.

30 J.J. Baldovi, S. Cardona-Serra, J. M. Clemente-Juan, E.
Coronado, A. Gaita-Arifio and A. Palii, Journal of Computational
Chemistry, 2013, 34, 1961-1967.

31 J.J. Baldovi, J. J. Borras-Almenar, J. M. Clemente-Juan, E.
Coronado and A. Gaita-Arifio, Dalton Transactions, 2012, 41,
13705.

32 R. Marx, F. Moro, M. Dorfel, L. Ungur, M. Waters, S. D. Jiang, M.
Orlita, J. Taylor, W. Frey, L. F. Chibotaru and J. van Slageren,
Chem. Sci., 2014, 5, 3287.

33 J. J. Baldovi, J. M. Clemente-Juan, E. Coronado, Y. Duan, A.
Gaita-Arifio and C. Giménez-Saiz, Inorg. Chem., 2014, 53, 9976~
9980.

34 M. A. Sgrensen, U. B. Hansen, M. Perfetti, K. S. Pedersen, E.
Bartolomé, G. G. Simeoni, H. Mutka, S. Rols, M. Jeong, I. Zivkovic,
M. Retuerto, A. Arauzo, J. Bartolomé, S. Piligkos, H. Weihe, L. H.
Doerrer, J. van Slageren, H. M. Rgnnow, K. Lefmann and J. Bendix,
Nat Commun, 2018, 9, 1292.

35 N. F. Chilton, G. B. Deacon, O. Gazukin, P. C. Junk, B. Kersting, S.
K. Langley, B. Moubaraki, K. S. Murray, F. Schleife, M. Shome, D.
R. Turner and J. A. Walker, Inorg. Chem., 2014, 53, 2528-2534.

36 K.S.Lim,J. ). Baldovi, W.R. Lee, J. H. Song, S. W. Yoon, B. J. Suh,
E. Coronado, A. Gaita-Arifio and C. S. Hong, Inorg. Chem., 2016,
55, 5398-5404.

37 J. P. Costes, S. Titos-Padilla, I. Oyarzabal, T. Gupta, C. Duhayon,
G. Rajaraman and E. Colacio, Inorg. Chem., 2016, 55, 4428-4440.

38 K.S. Cole and R. H. Cole, The Journal of Chemical Physics, 1941,
9, 341-351.

39 M. Grahl, J. Kotzler and I. SeRler, Journal of Magnetism and
Magnetic Materials, 1990, 90-91, 187-188.

40 K.R.Vignesh, S. K. Langley, K. S. Murray and G. Rajaraman,
Inorganic Chemistry, 2017, 56, 2518-2532.

41 Y.-N. Guo, L. Ungur, G. E. Granroth, A. K. Powell, C. Wu, S. E.
Nagler, J. Tang, L. F. Chibotaru and D. Cui, Scientific Reports, 2014,
4, 5471.

This journal is © The Royal Society of Chemistry 20xx

COMMUNICATION

42 1. Oyarzabal, J. Ruiz, E. Ruiz, D. Aravena, J. M. Seco and E.
Colacio, Chem. Commun., 2015, 51, 12353-12356.

43 L. Escalera-Moreno, J. J. Baldovi and E. Coronadoa,
arXiv:1905.06989 [cond-mat, physics:physics].

44 S. V. Eliseeva and J.-C. G. Biinzli, New Journal of Chemistry,
2011, 35, 1165.

45 N. Ishikawa, M. Sugita, T. Okubo, N. Tanaka, T. lino and Y. Kaizu,
Inorganic Chemistry, 2003, 42, 2440-2446.

J. Name., 2013, 00, 1-3 | 5

Please do not adjust margins




