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Abstract

Mononuclear rare-earth tris β-diketonato complexes RE(tta)3dme (RE = Y, 1; La, 2; Dy, 3; Eu, 4; Htta = 2-thenoylacetone; dme = 1,2-dimethoxyethane) react cleanly at room temperature in a 1 to 1 molar ratio with the heteroditopic divergent ligand 4’-(4-pyridil)-2,2’:6’,2”-terpyridine N-oxide (pyterpyNO) to yield RE2(tta)6(pyterpyNO)n where n = 2 for RE= Y, 5; Dy, 6; Eu, 7, and n=3 for RE=La 8. The crystal structure of 5 revealed a dinuclear compound with two pyterpyNO bridging through the oxygen atom in a hypodentate mode leaving uncoordinated the terpyridine moieties. Using a metal:pyterpyNO molar ratio of 2 for RE= Y, 9; Dy, 10; Eu, 11 it was possible to isolate the molecular complexes RE4(tta)12(pyterpyNO)2 whilst using a molar ratio of 2.5 the product La5(tta)12(pyterpyNO)3 12 can be obtained. 89Y-NMR spectroscopy revealed two different yttrium centers at room temperature for 9. An X-ray diffraction study of 10 showed a symmetrical tetranuclear structure resulting from the coordination of two Dy(tta)3 fragments to the two hypodentate terpyridines of the dinuclear unit and presenting two different coordination sites for metals with coordination numbers 8 and 9. Magnetic studies on 6 and 10 revealed the presence of an antiferromagnetic interaction between the two Dy(III) bound by the NO bridges. These compounds displayed a slow relaxing magnetization through Orbach (6) and Raman (10) processes in the absence of an applied magnetic field, whose rate increased upon application of a 1 kOe field. 7 and 11 showed a bright red emission typical of Eu3+. The two complexes have similar emission properties mainly determined by the employed -diketonato ligands.


Introduction 
The rational design and synthesis of heterometallic molecular or extended structure compounds relies on suitable connectors showing functional units with different affinity for different metal centres. Several heterometallic d-f coordination polymers (CPs) have been prepared by self-assembling reactions between a mixture of metal ions (usually oxides or nitrates) and organic ligands containing different donor atoms (mostly N O donors) able of a selective binding to different metal ions. A minor change in the organic linker can induce a structural variation of the final coordination structure, of the architecture of new coordination polymers (CPs) and a fine control of their properties such as gas storage and separation,1,2 luminescence,3–5 catalysis,6,7 and magnetism.8,9 Particularly, organic linkers can efficiently control the spatial organization and the metal to metal distance, a relevant issue in the study of the luminescence or magnetic properties of lanthanide compounds. Attention to multifunctional organic ligands is continuously growing in the literature and the full understanding of their coordination chemistry can afford low nuclearity molecular complexes carrying hypodentate ligands, potentially utilizable as building blocks able to guarantee a better control of the synthesis.10–15 
Indeed, chemically induced coupling of different molecular units has been shown to be a very powerful tool for the modulation of the magnetic properties of the final adducts. Single Molecule Magnets (SMMs) are coordination compounds with slow relaxing magnetic moment, arising from a preferential direction of magnetization, with no three-dimensional magnetic order.16,17 Lanthanide ions, due to their largely unquenched orbital moment, giving rise to highly anisotropic paramagnetic ground states, have been widely used for the development of SMMs.18 One of the most relevant contributions that ditopic organic ligands introduced to the field of molecular magnetism is the possibility to prepare the so called Single Chain Magnets (SCM), monodimensional coordination polymers featuring significant intrachain magnetic interaction among anisotropic spin bearers, but negligible interaction among the different chains, able to present opening of magnetic hysteresis loop at cryogenic temperatures.19 Moreover, the use of divergent organic ligands has been envisaged as promising for the preparation of ordered structures of SMMs with modulable magnetic properties,20,21and heterotopic ligands has been used to couple SMM units in mono-22–24 or three-dimensional25coordination polymeric networks. Moving to discrete molecular entities, a coordination chemistry bottom-up approach has been used to induce a weak magnetic bias between different paramagnetic centers in SMMs, slowing down their dynamics26, to prepare polymetallic grids27, to increase the number of addressable states in molecular candidates as qbits28 or in a molecular switch, allowing to move from two to three available states within a single molecular entity.29
Concerning the ligand sensitized emission of Ln3+ ions, most of the literature is focused on i) discrete systems based on molecular complexes mainly containing only one lanthanide cation, and ii) extended systems as lanthanide Coordination Polymers (CPs) and lanthanide Metal-Organic Frameworks (LOFs). 
To exploit and tune the emission properties of polynuclear compounds, CPs, and LOFs containing two or more lanthanide ions, the control of Ln3+ distribution in the different available coordination sites is fundamental. Given the very similar chemistry of the f-block ions, the statistical occupation of the accessible coordination sites is often obtained, thus losing control of the ion-ion interactions as for examples Energy Transfer processes or ion-ion cross relaxations phenomena.30,31 These interactions, together with the charge transfer transitions, are often fundamental in determining the emission and functional properties of these compounds and are not trivial to rationalize if the spatial composition (SC)32,33,34 is not univocally defined. For these reasons, it is necessary to develop synthetic protocols that allow the fine control of SC. In this framework, we decided to follow a stepwise process by using divergent N-oxides ligand.
In our previous work we showed that heterocyclic N-oxide ligands as pyrazine N-oxide, or 4,4’bipyridine N-oxide (bipyMO) react with neutral lanthanide tris -diketonato Eu(-diketonate)3 fragments stabilizing homodinuclear molecular compounds Eu2(-diketonate)6(N-oxide)y (-diketonate = thenoyltrifluoroacetonate, dibenzoylmethanate, benzoyltrifluoroacetonate, hexafluoroacetylacetonate; y = 2 or 3).35–37.Heterotopic ligands in these molecular compounds behave as O-donor bridging and hypodentate ligands mantaining an uncoordinated nitrogen donor functionality. Luminescence studies has established the effect of the β-diketonato and N-oxide ligands on the thermometric properties of the obtained compounds, that are determined by the presence of two nonradiative deactivation channels, back energy transfer from Eu3+ to the ligand triplet levels and ligand to metal charge transfer (LMCT), the latter being strongly influenced by the N-oxide ligands. 
Furthermore, self-assembled heterometallic d-f compounds, [Zn(hfac)2Eu(hfac)3(bipyMO)2]n and [Co(hfac)2Dy(hfac)3(bipyMO)2]n, have been prepared exploiting the divergent heterotopic 4,4’bipyridine N-oxide ligand. Magnetic and luminescence studies have been carried out on the ordered 1D CPs resulting from a large difference of affinity for O or N atoms of lanthanide and 3d metal centers.23 In this context, it appeared interesting to evaluate how the nature of the rigid heterotopic ligand could influence the identity and the magnetic and luminescence properties of the product of its reaction with neutral lanthanide tris diketonato fragments Ln(-diketonate)3.
[bookmark: _GoBack][bookmark: _Ref63259451][bookmark: _Ref63261106]A terpyridyl unit is often used in the design of new organic linkers for the relatively easy synthesis and functionalization, for the strong bond with d transition metals and for the interesting redox, photoluminescent and magnetic properties.38–46 The divergent ligand 4’-(4’’’-pyridyl)-2:2’,6’:2’’-terpyridine (pyterpy) is well known in literature, forming a large number of molecular and extended structure compounds for d metals,47–52 but a limited number of examples for lanthanide metals.53–55 Furthermore, very little attention has been paid in the literature on the analogue N-oxidated ligand, 4’-(4’’’-pyridyl-N-oxide)-2:2’,6’:2’’-terpyridine (pyterpyNO) Scheme 1, a single paper reports the synthesis of a mononuclear iron(II) complex, [Fe(pyterpyNO)2](BF4)2, where the metal is coordinated only to the terpyridine unit.56 Nevertheless, this rigid aromatic ligand with two different binding sites is expected to have a rich coordination chemistry, to be able to control the selective and spontaneous organization of molecular units into ordered structures and to be potentially useful for the synthesis of heterometallic complexes, a hot topic in the development of polynuclear molecular materials based on lanthanide systems,57 as previously shown for the analogous 4,4’bipyridine N-oxide ligand.23,35–37
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Scheme 1. 4’-(4’’’-pyridyl-N-oxide)-2:2’,6’:2’’-terpyridine (pyterpyNO).

In this work, we show that pyterpyNO can bridge two rare earth centers in a hypodentate mode through the oxygen atom. A careful control of the stoichiometry in the reaction of pyterpyNO with RE(tta)3dme affords complexes with two different molecular compositions, adding new members to the family of polynuclear lanthanide compounds connected through N-oxide bridges.23,35,36,The characterization of the products has been carried out, where appropriate, through NMR, single crystal X-ray diffraction, magnetic and photoluminescent studies. Our results introduce the pyterpyNO ligand as a new synthon to prepare polynuclear functional materials based on lanthanide ions, whose nuclearity and structure may be controlled in a rational manner.

Result and Discussion
Dinuclear complexes. Mononuclear RE(tta)3(dme) (RE= Y (1), La (2), Dy (3), Eu (4); Htta=1,1,1-trifluoro-3-(2-thenoyl)-acetone; dme=1,2-dimethoxyethane) precursors have been easily prepared in good yields, following a synthetic route previously reported for Y(hfac)3(dme),58 (Hhfac = hexafluoroacetylacetone) see supplementary information. Air stable crystalline products, quite soluble in most organic solvents, have been fully characterized. The crystal structures of compounds 3 (Dy) and 4 (Eu) are shown in Figure S1. 
[bookmark: _Hlk87054560]PyterpyNO cleanly reacts at room temperature with the diketonato precursor RE(tta)3(dme) in molar ratio 1:1 (RE = Y, Dy, Eu) yielding a toluene soluble product. For all compounds, elemental analyses were consistent with the product of a dme substitution reaction, RE(tta)3(pyterpyNO). The IR spectra of the recovered products 5 (Y), 6 (Dy) and 7 (Eu) (Figure S2a) are almost completely superimposable suggesting a similar molecular identity. Suitable crystals for X-ray diffraction have been obtained by slow evaporation of a deuterated chloroform solution of the yttrium compound. A single-crystal diffraction analysis revealed the dinuclear complex Y2(tta)6(pyterpyNO)2 .2 CDCl3, 5 CDCl3, where two pyterpyNO ligands are bridging two metal centers through the oxygen atom and the terpyridine fragments are not involved in the metal coordination (Figure 1). The molecule is centrosymmetric and the coordination around yttrium atoms is approximately described by a triangular dodecahedron (according to the results obtained with the SHAPE software, reported in Table S2). Coordination through an oxygen atom is preferred with respect to the coordination of the terpyridine unit that is expected to be stabilized by a strong chelate effect. Simple steric arguments do not provide a convincing explanation of the outcome, since a coordination number 9 is common for lanthanides.59 The hypodentate coordination mode suggests that the oxygen atom of the N-oxide moiety is a strong donor for rare earth centers. Previous findings, with different divergent heterotopic (N, O) ligands (as 4,4’-bipyridile N-oxide or pyrazine N-oxide) showing uncoordinated nitrogen atoms in their lanthanide β-diketonato complexes, are here confirmed and a well-defined reactivity result established. Crystals collapse on drying and also on standing in air.
[image: ]
Figure 1. Molecular structure for 5. Only the most populated positions of the disordered CF3 groups have been represented. ' = 1  x, 1  y, 1  z.

For the diamagnetic yttrium, 5, NMR studies (1H, 13C, 19F and 89Y-NMR) have been carried out (Figure 2a). 1H spectra show a single set of quaterpyridine signals. Significantly, the signal due to the hydrogen close to the terpyridine unit, hydrogen 11 in Figure 2a at 8.79 ppm, is not greatly shifted with respect to the chemical shift of the free ligand at 8.75 ppm while hydrogen 5, close to the N-oxide moiety, moves from 8.35 to 9.34 ppm upon coordination. Fluorine atoms of the tta ligands are all equivalent in the 19F-NMR and a single signal at 31.5 ppm is present in the 89Y-NMR, a chemical shift not much different from that found for 1, 32.8 ppm, that is octacoordinated with all oxygen donors. 

[image: ] [image: C:\Users\Luca\Documents\ricerca\articoli\LnpyterpyNO\IC\La2.TIF]
Figure 2. a) 1H, 19F and 89Y NMR spectra of 5 and b) 1H, 19F and NMR of 8.
La(tta)3(dme) reacted as well with pyterpyNO in toluene at room temperature, although with an important difference respect to europium, dysprosium, and yttrium analogues. Analytical and spectroscopic (NMR in Figure 2b) data suggest the formation of a dinuclear complex of compositions [La(tta)3]2(pyterpyNO)3 (8). As for the yttrium derivative, a single set of the pyterpyNO signals is present and a significative shift of the hydrogen 5, close to the N-oxide moiety, is observed for compound 8. Differently from the yttrium derivative 5, in 8 the integral ratio of hydrogen atoms suggests a tta/pyterpyNO molar ratio of 6/3. These results can be rationalized considering that the larger ionic radius of lanthanum ions can afford the presence of three bridging pyterpyNO ligands instead of two as discussed above for yttrium, europium, and dysprosium. The lanthanum complex 8 has three uncoordinated terpyridine units of three hypodentate pyterpyNO ligands. Despite several crystallization attempts, no suitable single crystal has been obtained for a X-ray diffraction study in order to establish the crystal and molecular structure in the solid state.

[bookmark: _Hlk87054668]Tetra- and pentanuclear complexes. PyterpyNO reacts as well with RE(tta)3(dme) (RE= Y, Dy, Eu) in molar ratio 1:2 yielding a single highly soluble complex, of composition [RE(tta)3]4(pyterpyNO)2 (IR, Figure S2b; elemental analysis). Structural studies on the dysprosium derivative, carried out through X-ray single crystal diffraction, have confirmed what suggested by analytical data: here the heterotopic divergent ligand has a bridging coordination mode. A tetranuclear centrosymmetric molecule with two non-equivalent metals has been characterized for [Dy(tta)3]4(pyterpyNO)2 (Figure 3). Two metals in a central position (CN = 8, approximately described by a triangular dodecahedron, see Table S2) are coordinated by 6 oxygen atoms of three tta and by 2 oxygen atoms of two bridging pyterpyNO while two metals in a lateral position (CN = 9, three-capped trigonal prism, Table S2) are coordinated by 6 oxygen atoms of three tta and by 3 nitrogen atoms of a chelate terpyridine fragment. Crystals collapse on drying and also on standing in air.
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Figure 3. Molecular structure of 10. Only the more populated positions of the disordered CF3 groups have been represented. ' = 2  x, 1  y, 1  z.
NMR characterization has been carried out for RE = Y, Figure 4a. Also in this case only a single set of quaterpyridine signals is present in the 1H-NMR spectrum of 9, with hydrogen 11 moving from 8.79 to 9.68 ppm as expected for coordination of the terpyridine unit to yttrium while hydrogen 5 only slightly changing its chemical shift. Significantly, two different sets of signals for tta ligands are present in 1H-NMR, a result that is consistent with two non-equivalent metal centers as revealed by 89Y-NMR spectroscopy (signals at 13.9 and 31.4 ppm) and by two different fluorine signals in the 19F-NMR.
La(tta)3(dme) reacted with pyterpyNO in toluene at room temperature in a molar ratio five to three to yield a pentanuclear complex of composition [La(tta)3]5(pyterpyNO)3, (12). In Figure 4b, in the 1H-NMR spectrum, a significative shift of the hydrogen 11, close to the terpyridine moiety, is observed for compound 12 suggesting the coordination of the terpyridine site of the ditopic ligand. Two different sets of signals due to tta ligands are present in 12 in a molar ratio 2 to 3, consistent with 19F-NMR spectra where two fluorine signals are very close to the same molar ratio. Despite several crystallization attempts, no suitable single crystal has been obtained for a X-ray diffraction study in order to establish the crystal and molecular structure in the solid state.

[image: ][image: C:\Users\Luca\Documents\ricerca\articoli\LnpyterpyNO\IC\Y4.TIF]
Figure 4. a) 1H, 19F and 89Y NMR spectra of 9 and b) 1H, 19F and NMR of 12.

A toluene solution of [Y(tta)3]2(pyterpyNO)2 cleanly and quickly reacts at room temperature with two equivalents of Y(tta)3(dme) yielding the tetranuclear compound so that it is possible to get [Y(tta)3]4(pyterpyNO)2 both in a single step or adding in sequence two equivalents of the metal precursor. In Figure 5 the synthetic process has been schematized.

[image: C:\Users\Luca\Downloads\Schemino reazione 4.tif]
Figure 5. Schematic representation of the assembly of the dinuclear, tetranuclear and pentanuclear complexes.

Magnetic Study of 6 and 10.
Static magnetic properties. The temperature dependence of the MT product of compounds 6 and 10 are displayed in Figure 6. For compound 6, it can be seen that the experimental room temperature MT value (25.92 emuK/mol) is lower than the one expected for the free ion (28.33 emuK/mol), as frequently found for Dy(III) complexes. This value stays constant upon lowering the temperature until 225 K, when begins to decrease, according to a crystal-field induced splitting of the 6H15/2 electronic ground multiplet of the ion,60 reaching the 20.44 emuK/mol value at 5.5 K. At this temperature, there is a change in the slope of the curve, which drops at 15.36 emuK/mol at 1.8 K. Since this change in slope cannot be accounted for in terms of magnetic saturation effects, we attribute it to a magnetic exchange between the two Dy(III) ions bridged by the pyterpyNO ligands. The Dy(III) displays a high magnetic anisotropy at low temperature and it is usually modelled as an effective S=1/2 spin with a theoretical gz value of 20.60 A simultaneous fit of the 2-15 K section of this plot and of the isothermal magnetization curves, reported as a red line in the Figures 6 and S3, estimates a value of the exchange constant J to be -1.39(1) cm-1, (H = -JS1zS2z), with gz = 18.94(1). Both sign and magnitude of the coupling constant are in line with similarly oxygen-bridged Dy(III) dimers.61,62 

[image: ]
Figure 6. Temperature dependence of the MT product for compounds 6 and 10. The lines corresponds to the best fitting function, calculated with the model discussed in the text. Inset: zoom of the low temperature region of both curves.

[bookmark: _Hlk86747223][bookmark: _Hlk86487411]As observed for 6, 10 displays a room temperature MT value (50.70 emuK/mol) lower than the one expected for four Dy(III) free ions (56.67 emuK/mol), which decreases upon cooling to reach the 35.01 emuK/mol value at 1.8 K. In agreement with the presence of the same dinuclear Dy(III) bridged core found in 6, the MT drops faster below 6.0 K, suggesting a similar antiferromagnetic interaction to be present in this case as well. The striking resemblance of the low-temperature part of the MT product of both compounds is highlighted in the inset of Figure 6. In here, a similar fitting procedure has been performed, considering the presence of two additional, uncoupled, terpyridine-bound Dy(III) ions with Ising-type magnetic anisotropy, yielding gz = 18.50(1) for the central Dy(III) ions, gz = 18.52(1) for the peripheral Dy(III) ions and J = -1.49(1) cm-1. This confirms that for both systems, a weak antiferromagnetic interaction is active between the two Dy(III) ions bound by the N-oxide group of the pyterpyNO ligand. The isothermal magnetizations of compounds 6 and 10 are reported in Figure S3 and display saturation values of 9.77 and 18.55 B/mol, respectively.

Dynamic magnetic properties. The dynamics of the magnetization of compounds 6 and 10 have been assessed with frequency- and temperature-dependent susceptometry. Both systems display slow relaxing magnetization in the absence of a static field applied, and quite interestingly, show an increase in the relaxation rate upon application of a 1 kOe static field. Figure 7 reports the in-phase ('M) and out-of-phase (”M) magnetic susceptibilities of 6, measured with no applied field. The temperature dependence of the same data is reported as Figure S4. The onset of frequency dependent peaks in the 5 – 15 K region is a hint of the slow relaxing magnetization of 6, and its Single Molecule Magnet behavior. A careful analysis of the ”M plot as a function of field sweeping frequency in the 2.0 – 5.0 K range (Figure S5) highlights the presence of two distinct sets of peaks, corresponding to two distinct magnetic relaxation processes. A best fitting procedure of both peaks with the extended Debye model yielded the relaxation times  reported in the panel b of Figure 7. Despite containing two Dy(III) ions, the presence of two processes in 6 cannot be attributed to the dinuclear nature of the complex, since the two ions are structurally and magnetically equivalent, and should feature a single relaxation process, as reported for other centrosymmetric Dy(III) dinuclear species.61  We attribute this behavior to the presence of dipolar interactions in the solid state, on the basis of previous reports for Dy(III) systems.63The faster process shows almost no temperature dependence, and its average frequency of quantum tunneling of the magnetization (QTM) is estimated to be 12.3 kHz. Heating the system, the slower process accesses our experimental frequency window, and can be fitted using a Raman model or and Orbach one including QTM (see Table S3). Even if both models are able to fit the experimental data, comparison with the relaxation times measured in 1 kOe field, for which a fit using a Raman/direct process yields poorer results (vide infra), suggests that the actual relaxation mechanism is an Orbach one. It must be pointed out that, for temperatures above 14.5 K, the frequency dependence of the ”M plot does not follow the expected bell shaped curve, but gets wider and cannot be satisfactorily fitted with a relaxation single relaxation process, independently of the width of the distribution of the relaxation times. For this reason, an additional peak has been used to reproduce the high frequency region of the data. However, since the maximum of the curve associated to this second contribution lies outside our frequency window, the uncertainty of the extracted parameters is too large and we did not present them among our results. The complete set of best fitting parameters is reported in Table S3. As previously observed for a structurally related Dy(III) dimer and as can be seen in Figure S4, a very tiny dependence of the relaxation dynamics is found upon application of a static magnetic field.61 Interestingly, the in-field relaxation appears to be slightly faster than the zero-field one for temperatures above 7.5 K. We attribute the observed increase of relaxation rate with the field to the magnetically induced overcome of the exchange bias between the two Dy(III) ions in the dimer, as previously observed for other centrosymmetric, antiferromagnetically exchanged Dy(III) dimers.62 The corresponding Arrhenius plot describes an almost straight line, featuring a slight decrease in slope at low temperatures. In this case, adopting a mixed Raman/direct relaxation model led to a poor fitting of the data, which are however efficiently reproduced by a mixed Orbach/direct mechanism. When compared to the zero-field data, an increase in the effective relaxation barrier (now 70(2) K) and a reduction of the 0 take place (see Table S3), that can be accounted for considering the reduction of the low temperature quantum pathway of relaxation. 

[image: ]
Figure 7. Frequency dependence of the molar in-phase (’M) and out-of-phase (”M) magnetic susceptibilities of compounds 6 (panel a) and 10 (panel c), measured with no static field applied. The temperature dependence of the relaxation times, measured with or without a 1 kOe applied field, is reported as Arrhenius plots in panels b (for compound 6) and d (for 10). The best fitting functions are discussed in the text.

Featuring the Dy(III) core found in compound 6, it is not surprising that the magnetization dynamics of compound 10 are related to the ones previously analyzed. At the lowest temperatures and without applied field, two sets of peaks in the out-of-phase magnetic susceptibility are present in this case as well. The relaxation rate of the faster process, again, displays a very feeble temperature dependence, and can be interpreted as a QTM with an estimated frequency of 17.1 kHz. The increase in the QTM frequency can be tentatively attributed to the increased dipolar field in the solid state by means of the external Dy(III) ions bound to the terpyridine moieties. Differently from what found in the case of 6, the temperature dependence of the slower process in zero field cannot be fitted with an Orbach/QTM model, which is unable to reproduce the low temperature data efficiently. Instead, the relaxation mechanism of 10 without applied field can be interpreted as a mixed Raman/QTM model (n = 4.5(2), see Table S4). The two peaks could arise from the two structurally inequivalent Dy(III) ions present in the asymmetric unit of the complex, but we believe can be traced back to the Dy2 core, as previously seen for compound 6. With a static applied field of 1 kOe, we find an increase in the relaxation rate, similarly to what previously observed for 6. In this case, however, the two Arrhenius plots do not overlap, and are better reproduced with a mixed Raman/direct or Raman/QTM mixed relaxation model rather than with an Orbach/direct one, in agreement with zero-field relaxation data (see Table S4 for the parameters). Considering a mixed Raman/QTM approach, a low n Raman exponent is found (n = 3.25(6)), a behavior previously observed in Dy(III) slow relaxing species, and attributed to the presence of low-lying mJ magnetic states.64 The observed increase of the tunneling frequency upon application of the static magnetic field has been considered to be the cause of the decrease of the relaxation times, and can be attributed to the effect of the magnetic bias that each Dy(III) is exerting on its magnetically coupled, symmetric equivalent, one. This bias has been previously shown to remove the zero-field quantum tunneling pathway of relaxation of the magnetic moment in Dy2 centrosymmetric systems, shifting it to higher fields.40 

Photoluminescence study on 7 and 11.
Complexes 7 and 11 belong to the family of polynuclear -diketonato compounds connected through N-oxide ligands that we recently started to study.35,36 Like the other members of the family, when excited in a wide spectral range that extends from ultraviolet to visible, they show the typical red emission, clearly visible to the naked eye, of Eu3+. 
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Figure 8. Photoluminescence Excitation spectra (PLE, continuous lines) and diffuse reflectance absorption spectra (dotted lines) for 7 and 11 monitored on the Eu3+  5D0  7F2 transition  (615 nm).

The absorption and excitation spectra of 7 and 11 have very similar profiles (Figure 8), but the spectrum of 7 shows a bathochromic shift of about 10 nm. Since the two complexes have the same ligands, this small difference cannot be ascribed only to ligand-centered transitions. In a previous study, we have shown that the low-energy portion of absorption spectra of homometallic dimeric complexes, bearing bridging N-oxide ligands, have a charge transfer character (CT). In these compounds, CT transitions affect both the shape of the absorption spectra and modulate the thermometric properties.36 By analogy, the differences observed between 7 and 11 are due to low-energy CT transitions.
[image: ]Figure 9. Emission spectra of 7 (a) and 11 (b) obtained by exciting sample powders at different wavelengths. The inset of each panel shows the magnification of the region typical of Eu3+ emission.

Luminescence spectra (Figure 9) show only signals from Eu3+ 4f-4f intrashell transitions from the 5D0 excited state, populated via ‘antenna effect’, to the 7FJ (J = 0,1,2,3,4) fundamental multiplet. The tuning of the excitation wavelength across PLE spectra does not affect the number and relative intensity of the different transitions. 
While in 7 there are only two equivalent Eu3+ ions having coordination number 8, in 11 other 2 Eu3+ centers with CN = 9 are found. The general shape of the spectra is very similar and is predominantly determined by -diketonato ligands.35,36 In this type of compound, the symmetry of the Eu3+ is very low, as evidenced by the presence of the transition 5D0  7F0 in the spectra.65 
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Figure 10. Emission spectra of 7 and 11, exc = 370 nm. 

Figure 10 shows the high-resolution spectra of 7 and 11 (exc = 370 nm), i.e. close to the PLE and absorption maxima for both complexes. The 5D0  7F2 and 5D0  7F4 transitions show the most evident differences. In 7, octa-coordinated Eu3+ ions display a triangular dodecahedral geometry as in Figure 11 on the left while when CN is 9, Ln3+ ions have tricapped trigonal prism coordination. 
[image: ]     [image: ]
Figure 11. Coordination polyhedra of Dy in 10 for octa-coordinated (left) or nona-coordinated ions (right). 
The different coordination geometry affects the shape of the Eu3+ emission spectra, and in particular, the crystal field component of 5D0  7F2 multiplet at 617 nm, arrowed in the figure, seems to be peculiar for Eu3+ having coordination number 9, and hence it could be used as a sort of fingerprint for these sites.

Conclusions
The heterotopic divergent pyterpyNO ligand shows a high preference for the O-coordination mode towards rare-earth ions. Complexes having hypodentate terpyridine units, RE2(tta)6(pyterpyNO)2, (RE = Y, 5; Dy, 6; Eu, 7) can be easily prepared controlling the stoichiometry of the reaction between pyterpyNO and the air stable diketonato mononuclear metal precursor RE(tta)3dme. For lanthanum, 8, having a larger ionic radius, three pyterpyNO ligands can bridge two metal ions. Compounds 5, 6, 7 and 8, are expected to have a rich chemistry and to be useful in the mild synthesis of heterometallic complexes coordination polymers or metal-organic frameworks. Studies are ongoing in our laboratories. 
Reactions with a different stoichiometry (a molar ratio RE(tta)3dme/pyterpyNO = 2 for RE = Y, Dy, Eu) afford tetranuclear compounds with the pyterpyNO ligands in a bridging coordination mode and two non-equivalent metal centers for their coordination geometry. Octa-coordinated ions in an approximately triangular dodecahedral geometry are only O-coordinated, while nona-coordinated ions in a three-capped trigonal prism geometry have a terpyridine unit in their coordination sphere. Tetranuclear compounds have been obtained not only in a single step but also by addition of a second equivalent of the metal precursor to the dinuclear complexes. This sequential procedure opens the way to the synthesis of heterolanthanide complexes, an issue presently under study in our laboratories.
From the magnetic point of view, the Dy-O-Dy dinuclear core, present in compounds 6 and 10, features an antiferromagnetic interaction between the two Dy(III) ions. Such an interaction is weakly sensitive to the presence of two additional Dy(III) ions in the outer terpyridine binding sites, and it is likely to be responsible for the onset of a Single Molecular Magnet behavior in the absence of an applied static field for both complexes. Quite interestingly, while the relaxation mechanism of 6 can be described as an Orbach one, the temperature dependence of the magnetic relaxation times of 10 cannot be reproduced with this model but is properly fitted with a Raman mechanism. This suggests that the slow relaxing magnetization is related with the central, antiferromagnetically coupled, Dy2 pair. As a confirmation, the relaxation dynamics of compounds 6 and 10 speed up upon application of a magnetic field, supporting the previous conclusion.
Europium derivatives 7 and 11 displayed a bright red emission that is perceived by the naked eye even when only a few tiny grains of sample powder are shined with visible or near-ultraviolet light. Emission spectra of 7 and 11 have a similar shape, reflecting the presence of Eu(tta)3 moieties on both octa- and nona-coordinated sites, but the relative intensity of the crystal field component at 612 and 617 nm of the 5D0  7F2 transition can provide indication about the occupancy of CN 9 sites.


Experimental
Materials and instrumentation.
[bookmark: _Hlk35264258]Anhydrous solvents were purchased from Merck and used as received. 4’-(4-pyridil)-2,2’:6’,2”-terpyridine N-oxide (pyterpyNO) was synthesized according to the literature.56 FTIR spectra on solid samples were recorded with a Perkin–Elmer ‘‘Spectrum One’’ spectrometer, equipped with an ATR accessory. 1H-, 13C-, 19F-,89Y NMR spectra were recorded with a Bruker ‘‘Avance DRX400’’ spectrometer. Chemical shifts were measured in ppm (δ) from TMS by residual solvent peaks for 1H and 13C, from CFCl3 for 19F and YCl3 (0.5 M in D2O) for 89Y. Elemental analysis (C, H, N) was performed at the Dipartimento di Chimica e Chimica Industriale, Università di Pisa (Italy). 
Absorption spectra of powder samples were recorded using a Cary 5000 UV-Vis-Spectrometer equipped with an integrating sphere. The spectra were normalized and plotted as F(R) vs wavelength. F(R) is the Kubelka-Munk function. A full description can be found elsewhere.66 
Room temperature luminescence spectra of sample powders were recorded with a Horiba Jobin Yvon Fluorolog-3 spectrofluorimeter. A full description of the employed set-up can be found in a previous paper.36
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Magnetization measurements. Samples employed for DC (direct current) and AC (alternating current) measurements consisted of microcrystalline powders of products 6 and 10, which were wrapped in Teflon tape and pressed as pellets. The DC magnetic characterization was performed on Quantum Design MPMS (Magnetic Properties Measurement System) equipment provided with a 5 T magnet. The magnetization (M) dependence with the absolute temperature was investigated between 300 and 45 K using a magnetic field (B) of 1 T, and between 45 and 2 K with a field of 0.1 T to prevent magnetic saturation. Magnetic susceptibility per mole (χM) was then evaluated as χM = MM/B. Alternating current magnetic susceptibility analyses were performed with a PPMS (Physical Properties Measurement System) platform, also from Quantum Design, with oscillating field frequencies ranging from 10 to 104 Hz, and using static magnetic fields of zero and 1 kOe. The resulting magnetic data were corrected for the diamagnetic contributions of the ligands calculated from Pascal constants,67 together with those measured for the sample container and the wrapping Teflon tape. The simultaneous fit of the 2 – 15 K region of the χMT plots and of the isothermal magnetizations of compounds 6 and 10 has been carried out with the program PHI.68 For this, each Dy(III) ion has been treated as a purely uniaxial, Ising, ½ effective spin, and the only magnetic interaction assumed to be active is the one between the two Dy(III) ions connected through N-oxide bridges. On the basis of the structural properties, only one (two) set of magnetically equivalent Dy(III) ions have been considered for compound 6 (10).
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]The ac susceptibility data were analysed within the extended Debye model69,70, in which a maximum in the out-of-phase component M'' of the complex susceptibility is observed when the relaxation time  equals (2π)−1. The adopted model includes two different relaxation processes to reproduce a non-zero M'' in the low frequency region of the plots; the corresponding relaxation times extracted from this low frequency component were however not described due to the huge uncertainty associated to them. The frequency dependence of M'' at constant temperature was thus fitted using equation (1):
M'' () = M''LF () + M''FIT () 									(1)

where each process corresponds to the function reported in equation (2):

 M'' () = (T − S)[()1-cos(/2)]/[1 + 2()1-sin(/2) + ()2-2]        	                       (2)

where  = 2π, T and S are the isothermal and adiabatic susceptibilities, i.e., the susceptibilities observed in the two limiting cases 0 and respectively, and  is a parameter which accounts for a distribution of relaxation times.
The temperature dependence of the magnetic relaxation times  has been fitted using equation (3):

									(3)

where the terms represent an Orbach, Raman, direct and quantum relaxation mechanisms. To avoid overparametrization, in the fitting procedures Raman and Orbach mechanisms have been used alternatively. 

Synthesis of RE2(tta)6(pyterpyNO)2, (RE =  Y, 5; Dy, 6; Eu, 7). The yttrium case is described at length.
5 (Y). PyterpyNO (0.14 g; 0.43 mmol) was added to a solution of Y(tta)3(dme) (0.35 g; 0.42 mmol) in toluene (15 mL) under vigorous stirring. The resulting suspension was mildly heated (T = 70 °C) until the suspended ligand disappeared, then the solution was cooled to RT. Upon adding heptane (45 mL) a colourless solid precipitated, which was filtered and dried under vacuum for 4 h. (0.33 g; 0.15 mmol, 71.9 % yield). El. Anal. Calcd for Y2(tta)6(pyterpyNO)2 (C88H52F18N8O14S6Y2), %: Teor: C, 49.0; H, 2.4; N, 5.2; S, 8.9. Found: C, 48.7; H, 2.4; N, 4.9; S, 9.1. IR (range 1700 - 1100 cm-1): 1624 (m), 1601 (s), 1586 (m), 1538 (s), 1503 (s), 1478 (m), 1441 (w), 1412 (s), 1393 (w), 1357 (m), 1306 (s), 1293 (s), 1244 (m), 1230 (m), 1182 (s), 1127 (s). Slow evaporation of a chloroform solution yielded well-shaped, single crystals, suitable for X-ray analysis.
1H-NMR (400MHz, C6D6, ppm, Scheme 2): 9.37 (br s, H5, 4H), 8.78 (s, H7, 4H), 8.71 (d, H11, 4H, 3JH11-H10=7.9 Hz), 8.56 (d, H8, 4H, 3JH8-H9=4.3 Hz), 7.50 (br s, H6, 4H), 7.38 (ddd, H10, 4H, 3JH10-H9=8.7 Hz, 3JH10-H11=7.9 Hz, 4JH10-H8 =1.2 Hz), 7.05 (d, H4, 6H, 3JH4-H3=3.0 Hz), 6.83 (m, H2 and H9, 10H), 6.45 (br s, H3, 6H), 6.31 (s, H1, 6H). 
19F-NMR (400MHz, C6D6, ppm): -75.1 (s, 18F).
13C-NMR (400MHz, C6D6, ppm): 182.0 (s), 171.1 (q, 2JC-F=33 Hz), 157.0 (s), 156.0 (s), 149.6 (s), 146.1 (s), 145.5 (s), 136.7 (s), 132.6 (s), 131.4 (s), 130.4 (s), 129.4 (s), 125.7 (s), 124.3 (s), 123.9 (s), 121.4 (s), 120.6 (q, 1JC-F=286 Hz), 119.7 (s), 92.3 (s).
89Y-NMR (400MHz, C6D6, ppm): 30.5 (s, 2Y).


Scheme 2. Numbering for NMR assignment in 5.

6 (Dy). Starting from 0.16 g of Dy(tta)3(dme) (0.17 mmol), 0.06 g of pyterpyNO (0.18 mmol), 10 mL of toluene and 45 mL of heptane we obtained 0.13 g of Dy2(tta)6(pyterpyNO)2 (0.06 mmol, yield 66.3%). IR (range 1700 - 1100 cm-1): 1623 (m), 1601 (s), 1587 (m), 1538 (s), 1504 (s), 1471 (m), 1442 (w), 1412 (s), 1393 (w), 1356 (m), 1306 (s), 1292 (s), 1245 (m), 1230 (m), 1183 (s), 1131 (s). El. Anal. calculated for Dy2(tta)6(pyterpyNO)2 (C88H52Dy2F18N8O14S6), %: Teor: C, 45.9; H, 2.3; N, 4.9; S, 8.4. Found: C, 45.6; H, 2.1; N 4.7; S, 8.5.

7 (Eu). Starting from 0.41 g of Eu(tta)3(dme) (0.45 mmol), 0.15 g of pyterpyNO (0.46 mmol), 25 mL of toluene, 0.32 g of Eu2(tta)6(pyterpyNO)2 (0.14 mmol, 62.3 % yield) were obtained. IR (range 1700 - 1100 cm-1): 1600 s, 1537 m, 1502 m, 1469 m, 1440 w, 1412 m, 1390 w, 1355 m, 1301 s, 1244 m, 1229 m, 1182 s, 1130 s. El. Anal. calculated for Eu2(tta)6(pyterpyNO)2 (C88H52Eu2F18N8O14S6), %: Teor: C, 46.3; H, 2.3; N, 4.9; S, 8.4. Found: C, 46.0; H, 2.3; N, 4.6; S, 8.6.

La2(tta)6(pyterpyNO)3, 8. In an NMR-tube pyterpyNO (12.4 mg; 3.8·10-5 mol) and La(tta)3(dme) (22.7 mg; 2.5·10-5 mol) were suspended in anhydrous C6D6 (1 mL). Upon sonicating and mildly heating the tube a solution was obtained. NMR data clearly showed that we had afforded the desired product. After removal of the volatile phases, a colourless solid was recovered and dried under vacuum for 2 h (18.3 mg of La2(tta)6(pyterpyNO)3; 56.7% yield). IR (range 1700 - 1100 cm-1): 1625 (m), 1603 (s), 1586 (m), 1569 (w), 1533 (s), 1500 (s), 1467 (m), 1442 (w), 1412 (s), 1393 (w), 1355 (m), 1291 (s), 1242 (m), 1228 (s), 1180 (s), 1128 (s). El. Anal. calculated for La2(tta)6(pyterpyNO)3 (C108H66F18La2N12O15S6), %: Teor: C, 50.2; H, 2.6; N, 6.5; S, 7.5. Found: C, 49.9; H, 2.8; N, 6.3; S, 7.7.
1H-NMR (400MHz, C6D6, ppm, Scheme 3): 9.10 (br s, H5, 6H), 8.70 (d, H11, 6H, 3JH11-H10=8.3 Hz), 8.67 (s, H7, 6H), 8.53 (d, H8, 6H, 3JH8-H9=4.2 Hz), 7.37 (ddd, H10, 6H, 3JH10-H11=8.3 Hz, 3JH10-H9=6.6 Hz, 4JH10-H8=1.4 Hz), 7.29 (br s, H6, 6H), 7.06 (d, H4, 6H, 3JH4-H3=2.7 Hz), 6.82 (d, H2, 6H, 3JH2-H3=5.1 Hz), 6.79 (t, H9, 6H, 3JH9-H10=6.6 Hz, 3JH9-H8=4.2 Hz), 6.41 (dd, H3, 6H, 3JH3-H2=5.1 Hz, 3JH3-H4=2.7 Hz), 6.29 (s, H1, 6H).
19F-NMR (400MHz, C6D6, ppm): -74:8 (s, F1, 18F).
13C-NMR (400MHz, C6D6, ppm): 180.7 (s), 169.7 (q, 2JC-F=32 Hz), 156.4 (s), 155.7 (s), 149.2 (s), 145.8 (s), 145.4 (s), 141.9 (s), 136.3 (s), 132.7 (s), 131.6(s), 131.5 (s), 129.3 (s), 123.7 (s), 123.4 (s), 120.9 (s), 120.0 (q, 1JC-F=287 Hz), 119.0 (s), 91.6 (s).


Scheme 3. Numbering for NMR assignment in 8.

Synthesis of RE4(tta)12(pyterpyNO)2, (RE = Y, 9; Dy, 10; Eu, 11). The yttrium case is described at length.
9 (Y). In a Schlenk flask 0.52 g of Y(tta)3(dme) (0.62 mmol) and 0.10 g of pyterpyNO (0.31 mmol) were dissolved in dce (20 mL). The solution was stirred for two days; upon adding heptane (8 mL) a brown oil precipitated. The solution was therefore evaporated to dryness under vacuum and we obtained a colourless solid, which was recrystallized with 4 mL of toluene and 4 mL of heptane. This solid was recovered by filtration and dried under vacuum for 8 h. IR (range 1700 - 1100 cm-1): 1603 (s), 1580 (w), 1538 (s), 1506 (m), 1475 (w), 1412 (s), 1354 (w), 1305 (s), 1247 (m), 1230 (s), 1183 (s), 1131 (s). Upon cooling at -20 °C the liquid phase from the filtration, precipitation of a colourless solid occurred. The latter solid had the same IR spectrum of the former. We recovered overall 0.34 g of Y4(tta)12(pyterpyNO)2 (0.09 mmol, yield 59.9%). El. Anal. calculated for Y4(tta)12(pyterpyNO)2 (C136H76F36N8O26S12Y4), %: Teor: C, 44.6; H, 2.1; N, 3.1; S, 10.5. Found: C, 44.2; H, 2.3; N, 2.9; S, 10.7.
1H-NMR (400MHz, C6D6, ppm, Scheme 4): 9.67 (d, H11, 4H, 3JH11-H10=4.6 Hz), 9.55 (d, H5, 4H, 3JH5-H6=5.7 Hz), 7.63 (s, H7, 4H), 7.50 (m, H6 and H8, 8H), 7.17 (m, H15, 6H), 7.13 (m, H9, 4H), 7.07 (m, H4, 6H), 6.88 (d, H10, 4H, 3JH10-H11=4.6 Hz), 6.85 (d, H13, 6H, 3JH13-H14=4.4 Hz), 6.81 (d, H2, 6H, 3JH2-H3=4.6 Hz), 6.52 (s, H12, 6H), 6.49 (dd, H14, 6H, 3JH14-H15=5.5 Hz, 3JH14-H13=4.4 Hz), 6.42 (d, H3, 6H), 6.34 (s, H1, 6H).
19F-NMR (400MHz, C6D6, ppm, Scheme 4): -75.1 (s, F1 18F), -75.6 (s, F2 18F).
13C-NMR (400MHz, C6D6, ppm): 182.2 (s), 181.0 (s), 170.9 (q, 2JC-F=30 Hz), 170.6 (q, 2JC-F=31 Hz), 156.1 (s), 153.0 (s), 151.9 (s), 147.4 (s), 146.9 (s), 145.8 (s), 145.4 (s), 144.2 (s), 138.3 (s), 137.9 (s), 132.9 (s), 131.5 (s), 130.7 (s), 129.4 (s), 125.4 (s), 123.8 (s), 121.6 (s), 120.1 (q, 2C, 1JC-F=286 Hz), 120.0 (s), 118.8 (s), 92.4 (s), 91.8 (s).
89Y-NMR (400MHz, C6D6, ppm, Scheme 4): 31.4 (s, Y1, 2Y), 13.9 (s, Y2, 2Y).


Scheme 4. Numbering for NMR assignment in 9.

10 (Dy). PyterpyNO (0.07 g; 0.21 mmol) and Dy(tta)3(dme) (0.39 g; 0.43 mmol) were dissolved in toluene (10 mL) under vigorous stirring. The solution was stirred for 2 d, then upon adding heptane (40 mL) precipitation of a colourless solid occurred. This solid was filtered and dried under vacuum for 8 h. We obtained 0.29 g of Dy4(tta)12(pyterpyNO)2 (0.07 mmol, yield 69.8%). IR (range 1700 - 1100 cm-1): 1604 (s), 1577 (w), 1537 (s), 1504 (m), 1474 (w), 1413 (s), 1354 (w), 1305 (s), 1245 (m), 1229 (s), 1184 (s), 1135 (s). Slow evaporation of a toluene solution yielded well-shaped, single crystals, suitable for X-ray analysis. El. Anal. calculated for Dy4(tta)12(pyterpyNO)2 (C136H76Dy4F36N8O26S12), %: Teor: C, 41.3; H, 1.9; N, 2.8; S, 9.7. Found: C, 41.7; H, 2.1; N, 2.8; S, 9.9.

11 (Eu). PyterpyNO (0.09 g; 0.28 mmol) and Eu(tta)3(dme) (0.51 g; 0.56 mmol) were dissolved in toluene (20 mL) under vigorous stirring. The solution was stirred for 2 d, then upon adding heptane (40 mL) precipitation of a light yellow solid occurred. This solid was filtered and dried under vacuum for 8 h. We obtained 0.38 g of Eu4(tta)12(pyterpyNO)2 (0.10 mmol, yield 69.2%). IR (range 1700 – 1100 cm-1): 1600 s, 1536 m, 1504 m, 1471 m, 1411 m, 1355 w, 1298 s, 1244 m, 1229 m, 1181 m, 1133 s. El. Anal. calculated for Eu4(tta)12(pyterpyNO)2 (C136H76Eu4F36N8O26S12), %: Teor: C, 41.7; H, 2.0; N, 2.9; S, 9.8. Found: C, 42.0; H, 2.0; N 2.9; S, 9.8.

La5(tta)15(pyterpyNO)3, 12. In a NMR-tube pyterpyNO (6.5 mg; 2.0·10-5 mol) and La(tta)3(dme) (29.2 mg; 3.3·10-5 mol) were suspended in anhydrous C6D6 (1 mL). Upon sonicating and mildly heating the tube we obtained a solution. 
1H-NMR (400MHz, C6D6, ppm, Scheme 5): 9.59 (br s, H5, 6H), 9.43 (d, H11, 6H, 3JH11-H10=4.9 Hz), 7.37 (d, H6, 6H, 3JH6-H5=6.0 Hz), 7.34 (s, H7, 6H), 7.31 (d, H8, 6H, 3JH8-H9=8.2 Hz), 7.21 (br s, H15, 9H), from 7.11 to 6.98 (m, H4 and H9, 12H), 6.84 (d, H13, 9H, 3JH13-H14=4.2 Hz), 6.77 (d, H10, 6H, 3JH10-H11=4.9 Hz), 6.76 (d, H2, 6H, 3JH2-H3=5.5 Hz), 6.51 (s, H12, 9H), 6.49 (m, H14, 9H), 6.37 (br s, H1 and H3, 12H).
19F-NMR (400MHz, C6D6, ppm, Scheme 5): -74:7 (s, F1, 18F), -75:5 (s, F2, 27F).


Scheme 5. Numbering for NMR assignment in 12.

[bookmark: _Ref63416130]X-ray Diffraction studies. Crystals of 5 and 10 were selected at room temperature (293 K), sealed in glass capillaries and analyzed with a Bruker Smart Breeze CCD diffractometer equipped with Mo K radiation. The lattice parameters and some collection details are summarized in Table 1. After correction for Lorentz and polarization effects and for absorption, structures were solved with the ShelXT71 program by intrinsic phasing and refined with the ShelXL72 package using least squares minimisation73. All the four structures present disorder in some CF3 groups, and those of 5 and 10 also in the orientation of thiophene groups, which were refined as distributed in two limit positions distinguished by different rotations about the CC bond. The crystal structure of 5 is completed by two molecules of solvent chloroform for each complex molecule. Some solvent molecules (toluene) are also present in the crystal structure of 10. Four of them for each complex molecule were localized in the difference Fourier map, but the remaining ones, probably two, could not be located due to the excessive disorder. In this way a relevant cavity remained in the final structural model. To obtain a model that met CheckCIF's requirements, the localized solvent was removed and the entire contribution of the disordered solvent was subtracted with the SQUEEZE procedure contained in the PLATON program.74 It is quite relevant to note that the program reports that it has found 551 electrons in the solvent accessible voids, a number quite close to the 600 electrons present in twelve molecules of toluene, six for each molecule of the complex. The final reliability factors for the reported structures are listed in Table 1.
Other control calculations were performed with the programs contained in the suite WINGX75. X-ray crystallographic data CIF format (CCDC 2088701; 2088703) can be obtained free of charge from the Cambridge Crystallographic Data Center, 12 Union Road, Cambridge CB2 1EZ, UK; fax: +44 1223 336 033; or e-mail: deposit@ccdc.cam.ac.uk. 

Table 1. Crystal data and refinement summaries for 5 and 10.
	Identification code
	52 CDCl3
	10 [+solvent]

	CCDC number
	2088701
	2088703

	Empirical formula
	C90H54Cl6F18N8O14S6Y2
	C136H76Dy4F36N8O26S12[+solvent]

	Formula weight
	2396.29
	3956.76

	Crystal system
	Monoclinic
	Monoclinic

	Space group
	C 2/c
	P 21/n

	a (Å)
	23.6382(6)
	13.7999(4)

	b (Å)
	16.0069(4)
	38.7002(11)

	c (Å)
	27.4222(6)
	18.5473(6)

	 (°)
	101.9140(10)
	103.7490(10)

	Volume (Å3)
	10152.3(4)
	9621.5(5)

	Z
	4
	2

	ρcalc (g cm−1)
	1.568
	1.366

	μ (mm−1)
	1.516
	1.755

	F(000)
	4800
	3872

	θ range (°)
	1.64 to 26.5
	2.39 to 26.4

	Reflections collected
	49343
	93532

	Independent reflections
	10396
	19621

	Goodness-of-fit on F2
	1.026
	0.894

	Final R1  [I ≥ 2σ(I )]
	0.0539
	0.0406

	Final wR2  [I ≥ 2σ(I )]
	0.1592
	0.1139

	Final R1  [all data]
	0.0651
	0.0586

	Final wR2  [all data]
	0.1692
	0.1271

	Largest peak/hole (e Å−3)
	0.900, 0.963
	0.930,  0.606
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Coordination driven assembly of polynuclear (Ln, n = 2 or 4) complexes exploiting a divergent ligand able to show N-oxide coordination preference respect to terpyridine coordination. Structural, Magnetic and Photoluminescence studies.
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