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© The discovery of graphene kicked off the curtain of atom-type two-dimensional (2D) materials. Layered

. metal-organic frameworks (MOFs) as parallel molecule-based 2D materials are more designable and more
diverse, and magnetism may be induced by their metal ion nodes. However, the multifunctional 2D plane-
like MOFs are very difficult to obtain. Here we describe a Chinese pane-like 2D MOF constructed from the

. Ln3* cation and the nanoscale luminescent tritopic ligand tris(4’-carboxybiphenyl)-amine, responding to

. the slow magnetic relaxation and luminescence properties, respectively. Notably, the Dy-Dy distances

. separated by the tritopic ligand are up to 2nm. Such a 2D molecular material is expected to have potential
applications in optoelectronics and multimodal sensing.

Two-dimensional (2D) materials have become most exciting and popular multifunctional materials since
. the discovery of graphene in 2004. Functional layered metal-organic frameworks (MOFs) can be viewed as
molecule-based 2D materials>, whose pronounced advantages are more designable and more diverse, and their
metal ion knots may induce good magnetism. Nevertheless, it is an extreme challenge to design the MOF-type
2D materials with multifunctions similar to the atom-type 2D materials. Recently, lanthanide(III) ions, especially
© the Dy(III) ion, which contain unique 4f orbital electrons showing strong spin-orbit coupling and high mag-
* netic moment, have been chosen as the metal nodes to construct lanthanide-based MOFs (LnMOFs), endowing
. single-molecule magnet (SMM) behaviors®”’. The SMMs feature magnetic hysteresis and slow magnetic relaxa-
© tion at low temperatures, with potential applications in magnetic devices for high-density information storage,
© quantum computing and spintronics®'*. The lanthanide (III) ions, each of which is equivalent to a single-ion
: magnet due to very weak magnetic exchange interactions between the lanthanide (III) ions containing shielded
- 4f electrons, may be arranged into highly ordered nodes with nanoscale-separation in the LnMOFs; such mate-
© rials are convenient for assembly of corresponding molecular magnetic devices. Notably, the 2D layered LanMOF
systems behaving as SMMs are especially attractive for this objective”.

Although some LnMOFs themselves may display photoluminescence by the aid of ‘antenna effect’ of lig-
ands'®, not all of LnMOFs are luminescent because the photoluminescence of lanthanide ions is subject to the
energy’s match rule. Alternatively, using a fluorescent spacer ligand to assemble LnMOFs should be an effective
approach to the optical-magnetic multifunctional materials, this strategy allows both the SMM and lumines-

. cence properties from different building blocks to be combined together within a MOF system, guaranteeing
. both superparamagnet and emission functions. The motivation to explore the emissive quantum magnets is that
. they are potentially applicable in optoelectronics and multimodal sensing'”. However, the reported lumines-
cent SMMs are limited, which concentrate on mononuclear'’-!, polynuclear?*-*¢, and chainlike systems?, the
development of high-dimensional luminescent Ln(III) complexes showing SMM properties is still at a primitive
stage?s; notably, the photoluminescence in these molecular materials mainly originates from the lanthanide(III)
ions, the case with fluorescent bridging ligands has not been explored. Recently, we have adopted fluorescent tri
s(4’-carboxybiphenyl)-amine? (H,TCBPA, Fig. 1) as the spacer to construct multifunctional LnMOF-type 2D
materials. Herein, we describe the solvothermal synthesis, crystal structure, luminescent and magnetic properties
of a 2D LnMOE, [Dy(TCBPA)(H,0),],- guest (guest: 2DMF-4H,0, 1). Remarkably, 1 possesses an interesting
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Figure 2. Top view (a) and side elevation (b) of the 2D plane-like network of 1; the topological structure of 1(c),
in which the Dy(I1I), dinuclear cluster and the TCBPA®~ ligand act as the 6-connected and 3-connected vertices,
respectively; one classical Chinese pane made of parallelograms (d), which has the same topology structure as 1.

plane-like network structure similar to one classical Chinese pane made of parallelograms, exhibiting not only
slow magnetic relaxation responded to the Ln** knot but also ligand-based luminescence. Its erbium(IIT) ana-
logue [Er(TCBPA)(H,0),],: guest (guest: 2DMF-4H,0, 2) is reported too.

Results and Discussion

Preparation. Pale yellow crystals of 1 or 2 were obtained as the only crystalline phase through solvothermal
reaction between tris(4’-carboxybiphenyl)amine and Ln(NO3); -5H,0 in an DMF/H,O solution in the presence
of 2-fluorobenzoic acid, which just serves as a directing agent and/or a modulator®. It is noteworthy that this
and other nanoscale tritopic ligands are inclined to construct 3D LnMOFs, acting as the linkers®' ¢, whereas we
successfully obtained the 2D layered LnMOFs with nanoscale tritopic ligands for the first time.

Structural description. Complex 1 crystallizes in the monoclinic space group C,,,, its structure exhibits a
2D plane-like network, which is constructed from Dy(III), dinuclear cluster nodes, TCBPA*~ bridging ligands and
water terminal ligands (Fig. 2). The Dy atom is coordinated by two water O atoms and six carboxylate O atoms from
four TCBPA®~ ligands. This [DyOy] eight-coordination geometry was ascertained to be the biaugmented trigonal
prism by the Shape software®’, and the calculation indicates that the deviation value from this polyhedron’s ideal C,,
symmetry is 3.321 (Table S1, SI). Each TCBPA*" ligand bridges four Dy** ions via three carboxylate groups (Fig. 2a):
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two of which coordinate to two discrete Dy atoms with the chelating mode; whereas the third one links to two
neighbouring Dy atoms with the syn-syn bridging mode, and the bridged Dy-Dy separation is 5.155 A. Notably, the
Dy-Dy distances separated by the TCBPA*~ bridging ligand are 21.555 A, 21.555 A and 19.641 A,respectively. From
a topological view, the Dy(III), dinuclear cluster can be considered as a 6-connected node and the TCBPA®~ bridg-
ing ligand as a 3-connected node, therefore a simplified (3, 6)-connected network is generated (Fig. 2c), whose long
topological (O’Keeffe) vertex symbol is 4.4.4.4.4.4.6.6.6.6.6.6 and the short (Schlifli) vertex symbol 4°.6°.8%, accord-
ing to the analytical results by the Olex program. Such an interesting plane topology is reminiscent of one classical
Chinese pane made of parallelograms (Fig. 2d). Complex 2 is of the same structure as 1, but using Er instead of Dy
(Fig. S1, SI). The average Dy-O bond distance of 1 is 2.357 A (Table S2, SI), obviously larger than the mean Er-O
bond distance of 2 (2.338 A), being ascribed to the lanthanide contraction effect. Clearly, such a plane-like structure
is totally different from those of the 3D LnMOFs based on the same ligand®'.

Magnetic properties. The temperature dependence of magnetic susceptibility for complex 1 was inves-
tigated under 1 kOe in the range of 2-300 K. The room temperature x T value of 14.15 cm® K mol ! for 1 is in
agreement with the value of 14.17 cm® K mol~! for one isolated Dy** ion in the °H/, state (Fig. S2, SI). The x T
product declines gently with a temperature decrease in the range of 300-50 K, then falls steeply to reach 10.60 cm?
K mol ™ at 2 K, which mainly originates from thermal depopulation of the excited Stark sublevels for the Dy**
ions. The Curie-Weiss equation was used to fit magnetic susceptibility data, giving the C value of 14.27 cm® K
mol ™! and the 0 value of —1.50 K; this very small negative 6 value suggests that the possible dipole-dipole anti-
ferromagnetic interactions between the Dy** jons is negligible. The field-dependent magnetization measured at
2-6 K revealed that there exists magnetic anisotropy in 1 as the M vs H/T plots are non-superimposed (Fig. S3,
SI). Therefore, alternating-current (ac) susceptibility measurements as a function of temperature were performed
to explore the dynamics of the magnetization of 1. Besides the frequency dependence of the out-of-phase (x')
(Fig. $4, SI), the temperature dependence of the out-of-phase (x”) determined in zero dc field shows significant
signals below 12 K (Fig. 3a), indicating existence of SMM behaviours. However, no peaks could be detected
owing to the obvious quantum-tunnelling effects. A dc field generally may suppress such quantum-tunnelling
effects’®*". The field-dependent y” measured at 250 Hz and 7 K (Fig. S5, SI) indicates that the x”signals are
enhanced with increased fields, but the change is small when the dc field is larger than 1 kOe. Therefore, a 1 kOe
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Figure 4. Solid-state emission spectra of 1 and free ligand at room temperature (A, = 350 nm).

dc field was applied to overcome the quantum-tunnelling effects, and not only x/ (Fig. S6, SI) but also x 7 (Fig. 3b)
peaks actually appeared at frequencies more than 25 Hz.

In order to assess the effective barrier for the magnetic relaxation process of 1, the frequency-dependent x ”peak
temperature, in the format of the In(7) vs 1/T plot, was fitted to the Arrhenius law, 7= 1yexp(U,q/kT), affording U,q/k
value of 70.1(1.1) K and 7, value of 6.6(0.1) x 10~8s (Fig. S7, SI). The 7, value is normal for the SMMs/SIMs (10>~
107" s). The U,g/k value of 1 is at a moderate level of carboxylate containing complexes*'. The SMM behaviours of
1 were also supported by the parameter @ {= (ATy/T;)/A(logf)} calculation’, where T is the x”peak temperature,
and f the frequency; the @ value of 0.29 for 1 is actually in line with the superparamagnet value (¢ > 0.1), but much
larger than the spin glass value (¢ ~ 0.01)*?. Furthermore, under a dc field of 1 kOe, the frequency-dependent x”
signals of 1 display well-defined temperature-dependent peaks at 4-9 K, being indicative of slow magnetic relaxation
too (Fig. S8, SI). At 7 K and 8 K, two classical semicircle Cole-Cole diagrams were observed (x”vs x/, Fig. S9, SI),
which could be fitted by a Debye model for a single relaxation time (7)***, giving « values of 0.096 and 0.066 for 7
and 8 K, respectively. The small o values suggest narrow distributions of relaxation times. Furthermore, no loop was
observed for 1 at 1.9 K (Fig. 10, SI). Based on the very weak magnetic interactions among the Dy** cations and the
low symmetry of the Dy*>" cation, we assume that a Ising ground state of the Dy*" cation exists in 1, the electrostatic
model* was therefore used to estimate the magnetic axis of the dysprosium(III) ion. As shown in Fig. S11 (SI), the
calculated magnetic axis directionality is very close to the line defined by Dy1-C13, with a small angle of 2.48°.

The magnetic relaxation of complex 2 was also studied for comparison. The x T value of 14.46 cm® K mol ! at
room temperature for 2 is concordant with the theory value of 11.48 cm® K mol ™! for one Er*" ion (°I,5,, Fig. S12,
SI). Unlike complex 1, the erbium(III) analogue 2 didn't display any obvious x” signals when the dc field was
zero (Fig. S13, SI). Although the 2 kOe dc field can let complex 2 present both frequency-dependent x’ signals
(Fig. S14, SI) and frequency-dependent x” signals (Fig. S15, SI), no peaks could be observed in the x” curves
even at 1399 Hz and at above 2.0 K, which suggest a very small effective energy barrier value that could not be
calculated in the above mentioned way based on the In(7) vs 1/T plot. This result indicates that the biaugmented
trigonal prism of the [ErQg] coordination geometry is not beneficial to present SMM behaviors®.

Luminescence. The typical narrow luminescence bands arising from the Ln** cation are absent in the solid
state photoluminescence spectrum of 1 at room temperature (Fig. 4). Nevertheless, upon excitation with 350 nm
UV light, complex 1 displays a broad emission band at 465 nm, which is similar to the large emission band at
498 nm for the free H;L ligand due to the 7-7* transition, but a 33 nm of blue-shift was observed. Obviously, the
ligand’s coordination to the metal ion induces the luminescence’s blue-shift®!. The average fluorescence lifetime
of 1 was determined to be 0.79ns (., =360 nm, Fig. S16, SI), shorter than 2.06 ns (A, = 360 nm, Fig. S17, SI) of
the free ligand. Furthermore, complex 1 shows a smaller absolute emission quantum yield (2.69%) than the free
ligand (24.32%) (A= 360 nm), which can be mainly attributed to the solvent effect because 1 contains coordi-
nated water molecules and some solvent molecules within the crystalline host lattices.

Similar to 1, only ligand-based luminescence spectrum could be observed for 2 in the solid state at room
temperature. A broad emission band at 462 nm was excited by 360 nm UV light, which has a 36 nm of blue-shift
comparing to free H;L ligand because of the ligand to metal coordination role again (Fig. S18, SI). The abso-
lute emission quantum yield (1.11%) of 2 is smaller than that of 1, and the fluorescence lifetime of 2 is too fast
(<0.7ns) to run lifetime measurement with the Edinburgh Analytical Instruments FLS980.

Conclusions

In summary, we present the first 2D layered LnMOF based on nanoscale tritopic ligands, which possesses
an interesting plane-like structure and shows both slow magnetic relaxation and luminescence properties.
We demonstrate a promising approach to the multifunctional MOFs using the magnetic Ln*" cation and the
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luminescent bridging ligand as the node and the linker, respectively. Our work also opens up a designable ave-
nue to novel MOF-type 2D materials with interesting optical/magnetic multifunctions, such molecule-based
2D materials are expected to have potential applications in many fields such as optoelectronics and multimodal
sensing.

Methods

Materials and instrumentation.  Tris(4’-carboxybiphenyl)amine was synthesized following reported pro-
cedures®. Other chemicals and solvents were obtained commercially and used as received. The elemental anal-
yses (C, H, N) were accomplished on a Vario ELIII elemental analyser. The FT-IR spectra were determined on
a Bruker/Tensor-27 spectrophotometer with pressed KBr pellets in the range 4000-400 cm . The fluorescence
spectra, the fluorescence lifetime and the absolute emission quantum yield were measured on an Edinburgh
Analytical Instruments FLS980. Both the dc and ac magnetic susceptibility measurements were carried out on a
Quantum Design MPMS-XL5 SQUID magnetometer using Pascal’s constants diamagnetic corrections.

Preparation of 1and 2. A mixture of tris(4’-carboxybiphenyl)amine (0.05 mmol), 2-fluorobenzoic acid
(1.0 mmol), Ln(NOs;), -5H,0 (0.05 mmol), DMF (2.5 mL) and H,O (0.75mL) in a 25 mL Teflonlined stainless
steel autoclave was maintained at 105 °C for 3 days. After the autoclave had been cooled slowly to 20 °C during 10
hours, light yellow plate crystals of 1 (Ln =Dy, 65% yield based on Dy), or light yellow plate crystals of 2 (Ln=Er,
58% yield based on Er) were harvested. These crystals were washed with water and dried at ambient tempera-
ture in air. Anal. Caled (%) for CysHs,DyN;O,, (1): C 53.02; H 4.94; N 4.12. Found: C 53.06; H 4.97; N 4.09. IR
(KBr, cm™): 3443 (b, s), 3033(w), 2928(w), 1663(m), 1600(m), 1522(m), 1492(w), 1424(s), 1324(w), 1280(w),
1188(w), 1112(w), 1088(w), 862(w), 835(w), 788(m), 731(w), 708(w), 685(w), 656(w), 576(w), 558(w), 475(w),
429(w). Anal. Calcd (%) for C,;sHsoErN;0,, (2): C52.77; H 4.92; N 4.10. Found: C 52.73; H 4.95; N 4.08. IR (KBr,
cm~1): 3401(b, s), 3033(w), 2932(w), 1666(m), 1599(m), 1523(m), 1493(w), 1426(s), 1324(w), 1282(w), 1188(w),
1111(w), 1089(w), 864(w), 835(w), 788(m), 732(w), 709(w), 685(w), 656(w), 577(w), 560(w), 477(w), 429(w).

X-ray collection and structure determination. A single crystal with dimensions 0.14 x 0.11 x 0.06 mm?
of 1 or 0.26 x 0.09 x 0.06 mm? of 2 was chosen to collect data on a Bruker SMART APEX-CCD diffractometer
with Mo-K,, radiation (A=0.71073 A) at 173(2) K. Empirical absorption corrections from ¢ scan were applied.
Cell parameters were obtained by the global refinement of the positions of all collected reflections for two com-
plexes. The structures were solved by direct methods and refined by a full matrix least-squares technique based
on F* using with the SHELX-2014 program package. The DMF and H,O solvent molecules in the complexes are
highly disordered. The SQUEEZE subroutine of the PLATON software suit was used to remove the scattering
from the highly disordered guest molecules. All non-hydrogen atoms were refined anisotropically, and all hydro-
gen atoms except those in coordinated water molecules were refined as riding atoms. Crystallographic data and
structure determination parameters of complexes 1 and 2 are given in Table S3. CCDC-1557227 (1) and 1557228
(2) contain the supplementary crystallographic data, which can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

References
1. Novoselov, K. S. et al. Electric field effect in atomically thin carbon films. Science 306, 666-669 (2004).
2. Sheberla, D. et al. M. High electrical conductivity in Ni;(2,3,6,7,10,11-hexaiminotriphenylene),, a semiconducting metal-organic
graphene analogue. J. Am. Chem. Soc. 136, 8859-8862 (2014).
3. Huang, X. et al. A two-dimensional pi-d conjugated coordination polymer with extremely high electrical conductivity and
ambipolar transport behavior. Nature Commun. 6, 7408 (2015).
4. Furukawa, H., Cordova, K. E., O’Keefte, M. & Yaghi, O. M. Mapping of functional groups in metal-organic frameworks. Science 341,
882-885 (2013).
5. Liu, K. et al. Constraining the coordination geometries of lanthanide centers and magnetic building blocks in frameworks: a new
strategy for molecular nanomagnets. Chem. Soc. Rev. 45, 2423-2439 (2016).
6. Yin, D. D. et al. Slow magnetic relaxation in a novel carboxylate/oxalate/hydroxyl bridged dysprosium layer. Chem. Sci. 6, 3095-3101
(2015).
7. Liu, C. M., Zhang, D. Q. & Zhu, D. B. A 3D MOF constructed from dysprosium (III) oxalate and capping ligands: ferromagnetic
coupling and field-induced two-step magnetic relaxation. Chem. Commun. 52, 4804-4807 (2016).
8. Sessoli, R., Gatteschi, D., Caneschi, A. & Novak, M. A. Magnetic bistability in a metal-ion cluster. Nature 365, 141-143 (1993).
9. Woodruff, D. N, Winpenny, R. E. P. & Layfield, R. A. Lanthanide single-molecule magnets. Chem. Rev. 113, 5110-5148 (2013).
10. Vincent, R. et al. Electronic read-out of a single nuclear spin using a molecular spin transistor. Nature 488, 357-360 (2012).
11. Bogani, L. & Wernsdorfer, W. Molecular spintronics using single-molecule magnets. Nat. Mater. 7, 179-186 (2008).
12. Komeda, T. et al. Observation and electric current control of a local spin in a single-molecule magnet. Nat. Commun. 2,217 (2011).
13. Gao, . et al. Tetrathiafulvalene-supported triple-decker phthalocyaninato dysprosium(III) complex: synthesis, properties and
surface assembly. Sci. Rep. 4, 5928, d0i:10.1038/srep05928 (2014).
14. Fetoh, A. et al. Photo-activation of single molecule magnet behavior in a manganese based complex. Sci. Rep. 6, 23785, doi:10.1038/
srep23785 (2016).
15. Liu, C. M. et al. Multiple thermal magnetic relaxation in a two dimensional ferromagnetic dysprosium(III) metal-organic
framework. RSC Adv. 5, 104854-104861 (2015).
16. Cui, Y., Chen, B. & Qian, G. Lanthanide metal-organic frameworks for luminescent sensing and light-emitting applications. Coord.
Chem. Rev. 273,76-86 (2014).
17. Cucinotta, G. et al. Magnetic anisotropy in a dysprosium/DOTA single-molecule magnet: beyond simple magneto-structural
correlations. Angew. Chem., Int. Ed. 51, 1606-1610 (2012).
18. Bi, Y. et al. Thermostability and photoluminescence of Dy(III) single-molecule magnets under a magnetic field. Chem. Sci. 7,
5020-5031 (2016).
19. Ruiz, J. et al. Field and dilution effects on the slow relaxation of a luminescent DyOy low-symmetry single-ion magnet. Chem.
Commun. 48,7916-7918 (2012).
20. Li, Q. W. et al. “Half-sandwich” Yb' single-ion magnets with metallacrowns. Chem. Commun. 51, 10291-10294 (2015).

SCIENTIFICREPORTS|7: 11156 | DOI:10.1038/s41598-017-11006-5 5


http://S3
http://dx.doi.org/10.1038/srep05928
http://dx.doi.org/10.1038/srep23785
http://dx.doi.org/10.1038/srep23785

www.nature.com/scientificreports/

21. Menelaou, M. et al. Dy"'- and Yb'™-curcuminoid compounds: original fluorescent single-ion magnet and magnetic near-IR
luminescent species. Chem.-Eur. J. 18, 11545-11549 (2012).

22. Yi, X. et al. A luminescent and sublimable Dy"!-based single-molecule magnet. Chem.-Eur. J. 18, 11379-11387 (2012).

23. Canaj, A. B. et al. A strongly blue-emitting heptametallic [Dy'!;;] centered-octahedral single-molecule magnet. Inorg. Chem. 51,
745127453 (2012).

24. Pointillart, E et al. A redox-active luminescent ytterbium based single molecule magnet. Chem. Commun. 49, 615-617 (2013).

25. Ruiz, J. et al. Closely-related Zn",Ln", complexes (Ln" = Gd, Yb) with either magnetic refrigerant or luminescent single-molecule
magnet properties. Inorg. Chem. 53, 3586-3594 (2014).

26. Wen, H. R. et al. 3d-4f heterometallic trinuclear complexes derived from amine-phenol tripodal ligands exhibiting magnetic and
luminescent properties. Dalton Trans. 46, 1153-1162 (2017).

27. Chorazy, S. et al. White light emissive Dy'!! single-molecule magnets sensitized by diamagnetic [Co"(CN)]*" linkers. Chem.-Eur. J.
22,7371-7375 (2016).

28. Ren, M. et al. Lanthanide phosphonates with pseudo-Dy, local symmetry exhibiting magnetic and luminescence bifunctional
properties. Inorg. Chem. Front. 2, 558-566 (2015).

29. Park, H. J. et al. A highly porous metal-organic framework: structural transformations of a guest-free MOF depending on activation
method and temperature. Chem. Eur. J. 17,7251-7260 (2011).

30. Alezi, D. et al. Quest for highly connected metal-organic framework platforms: rare-earth polynuclear clusters versatility meets net
topology needs. J. Am. Chem. Soc. 137, 5421-5430 (2015).

31. He, Y. P, Tan, Y. X. & Zhang, J. Guest inducing fluorescence switching in lanthanide-tris((4-carboxyl)phenylduryl)amine
frameworks integrating porosity and flexibility. J. Mater. Chem. C 2, 4436-4441 (2014).

32. Devic, T. et al. MIL-103, a 3-D lanthanide-based metal organic framework with large one-dimensional tunnels and a high surface
area. J. Am. Chem. Soc. 127, 12788-12789 (2005).

33. Guillerm, V. et al. Discovery and introduction of a (3,18)-connected net as an ideal blueprint for the design of metal-organic
frameworks. Nat. Chem. 6, 673-680 (2014).

34. Xu, H., Cao, C. S. & Zhao, B. A water-stable lanthanide-organic framework as a recyclable luminescent probe for detecting pollutant
phosphorus anions. Chem. Commun. 51, 10280-10283 (2015).

35. Li, Y. ], Wang, Y. L. & Liu, Q. Y. The highly connected MOFs constructed from nonanuclear and trinuclear lanthanide-carboxylate
clusters: selective gas adsorption and luminescent pH sensing. Inorg. Chem. 56, 2159-2164 (2017).

36. Liu, C. M. et al. Two-step warming solvothermal syntheses, luminescence and slow magnetic relaxation of isostructural dense
LnMOFs based on nanoscale 3-connected linkers. Inorg. Chem. Front. 3, 1076-1081 (2016).

37. Casanova, D., Llunell, M., Alemany, P. & Alvarez, S. The rich stereochemistry of eight-vertex polyhedra: a continuous shape
measures study. Chem.-Eur. J. 11, 1479-1494 (2005).

38. Mishra, A., Wernsdorfer, W,, Abboud, K. A. & Christou, G. Initial observation of magnetization hysteresis and quantum tunneling
in mixed manganese-lanthanide single-molecule magnets. J. Am. Chem. Soc. 126, 15648-15649 (2004).

39. Moragues-Canovas, M. et al. Resonant quantum tunneling in a new tetranuclear iron(III)-based single molecule magnet. Adv.
Mater. 16, 1101-1105 (2004).

40. Habib, F. et al. Supramolecular architectures for controlling slow magnetic relaxation in field-induced single-molecule magnets.
Chem. Sci. 3,2158-2164 (2012).

41. Liu, C. M. et al. Field-induced relaxation of magnetization in a three-dimensional LnMOF with the second bridging ligand squarate.
ACS Omega 1, 286-292 (2016).

42. Mydosh, J. A. Spin Glasses, An Experimental Introduction; Taylor and Francis Ltd.: London, pp. 1-256 (1993).

43. Cole, K. S. & Cole, R. H. Dispersion and absorption in dielectrics I. Alternating current characteristics. J. Chem. Phys. 9, 341-351 (1941).

44. Aubin, S. M. et al. Reduced anionic Mn,, molecules with half-integer ground states as single-molecule magnets. Inorg. Chem. 38,
5329-5340 (1999).

45. Chilton, N. E et al. An electrostatic model for the determination of magnetic anisotropy in dysprosium complexes. Nat. Commun.
4,2551 (2013).

46. Rinehart, J. D. & Long, J. R. Exploiting single-ion anisotropy in the design of f-element single-molecule magnets. Chem. Sci. 2,
2078-2085 (2011).

Acknowledgements

This work was supported by the National Key Basic Re-search Program of China (2013CB933403), the National
Natural Science Foundation of China (21471154 and 91022014), and the Strategic Priority Research Program of
the Chinese Academy of Sciences (XDB12010103).

Author Contributions
C.-M. Liu and D.-Q. Zhang designed the concept. C.-M. Liu wrote the paper. C.-M. Liu, D.-Q. Zhang, X.-Hao and
D.-B. Zhu carried out the experimental work, and analyzed the results and revised the paper.

Additional Information
Supplementary information accompanies this paper at doi:10.1038/s41598-017-11006-5

Competing Interests: The authors declare that they have no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

¥ License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2017

SCIENTIFICREPORTS|7: 11156 | DOI:10.1038/s41598-017-11006-5 6


http://dx.doi.org/10.1038/s41598-017-11006-5
http://creativecommons.org/licenses/by/4.0/

	A Chinese Pane-Like 2D Metal-Organic Framework Showing Magnetic Relaxation and Luminescence Dual-Functions

	Results and Discussion

	Preparation. 
	Structural description. 
	Magnetic properties. 
	Luminescence. 

	Conclusions

	Methods

	Materials and instrumentation. 
	Preparation of 1 and 2. 
	X-ray collection and structure determination. 

	Acknowledgements

	Figure 1 Molecular structure of H3TCBPA.
	Figure 2 Top view (a) and side elevation (b) of the 2D plane-like network of 1 the topological structure of 1(c), in which the Dy(III)2 dinuclear cluster and the TCBPA3− ligand act as the 6-connected and 3-connected vertices, respectively one classical Ch
	Figure 3 Plots of χ″ vs T for 1 (Hdc = 0 Oe, Hac = 2.
	Figure 4 Solid-state emission spectra of 1 and free ligand at room temperature (λex = 350 nm).




