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ABSTRACT. 

 Solvothermal reactions between hexa-nuclear complexes with general chemical formula 

[Ln6(µ6-O)(µ3-OH)8(NO3)6(H2O)12]∙2NO3∙2H2O and 2-bromo-benzoic acid (2-bbH) lead to a 

series of isostructural one dimensional coordination polymers with general chemical formula 

[Ln2(2-bb)6]∞ with Ln = Sm, Eu, Tb and Dy plus Y. These coordination polymers crystallize in 

the orthorhombic system, space group Fdd2 (n°43) with the following cell parameters: 

a = 29.810(3) Å, b = 51.185(6) Å, c = 11.7913(14) Å, V = 17992(4) Å3 and Z = 16. The 

Eu- and Tb-based derivatives show sizeable luminescence intensities under UV excitation. 

Isostructural hetero-lanthanide coordination polymers have also been prepared. Their 

luminescent properties suggest that during the synthetic process the starting hexa-nuclear 

complexes are destroyed but strongly influence the distribution of the different lanthanide ions 

over the metallic sites of the crystal structure. Indeed, it is possible to prepare hetero-lanthanide 

coordination polymers in which the lanthanide ions segregation is controlled. 
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INTRODUCTION. 

 Lanthanide-based coordination polymers1 attract great interest.2-7 Indeed, because of the 

unique optical8-9 and magnetic properties10 of the lanthanide ions, they present great interest in 

various technological fields such as molecular thermometry,11-14 chemical sensing,15-17 light and 

display18-19 or fight against counterfeiting,20-23 for instance. Therefore, the quest for highly 

luminescent lanthanide-based coordination polymers is a continuous concern.13, 24-26 Because 

lanthanide ions present no structuring effect,27 most of the reported studies focus their attention 

on the choice of the ligand.24-25, 28-33 This synthetic strategy offered very luminescent 

coordination polymers with high quantum yields.34-39 Some recent works suggest that an 

extended inorganic sub-lattice surrounded by ligands that act both as antennas and as spacers is 

relevant as far as highly luminescent coordination polymers are targeted.40-42 

 In order to obtain highly luminescent molecular materials a first approach is to optimize 

the ligand choice in order to gain on the relative organization of the metal centers as well as on 

the antenna effect toward them. In that way, our attention has been attracted by 

[Eu(2-bb)3∙H2O]∞ that is, to the best of our knowledge, the only reported lanthanide-based 

coordination polymer with 2-bromobenzoate ligand (hereafter symbolized by 2-bb-). This 

compound, described by Wu et al. in 200943 crystallizes in the monoclinic system, space group 

P21/n (n°14) with the following cell parameters: a = 12.530(3) Å, b = 6.9534(14) Å, 

c = 26.079(5) Å, β = 101.65(3)°, V = 2225.5(8) Å3 and Z = 4 (CCDC-672310). It has been 

obtained by solvothermal synthesis. The crystal structure can be described on the basis of 1D 

molecular chains (Figure 1). This crystal structure presents a 1D inorganic sub-lattice 

(coordination polyhedrons share edges) decorated by 2-bb- ligands that act both as spacers and 

as antennas. Indeed, this ligand presents an extended conjugated π system that can provide both 

an efficient antenna effect44 and π-stacking interactions. Actually, the authors indicated that this 

compound exhibits an intense luminescence. 
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Figure 1. Projection view of the 1D molecular chain (left) and schematic representation of the 
inorganic sub-lattice (right) of [Eu(2-bb)3∙H2O]∞. Only the binding ligands have been draw. 
Redrawn from reference 43. The shortest intermetallic distance is reported in Å. 
 

 Another approach focuses on the optimization of the metal center toward optical 

emission. Indeed, it has been shown that it is possible to build lanthanide-based coordination 

polymers in which the metallic centers are no longer single lanthanide ions but poly-lanthanide 

complexes.45-47 However, although many beautiful compounds based on such entities have been 

reported to date,48-51 most of them have been obtained by serendipitous one-pot syntheses.22, 52 

Rational design of such coordination polymers requires stable poly-lanthanide oxo/hydroxo 

complexes that can be used as starting materials. However, up-to-date, the only poly-lanthanide 

complexes stable enough to act as molecular precursors are the hexa-nuclear complexes with a 

[Ln6(µ6-O)(µ3-OH)8]8+ core, first described by Zack et al. (Figure 2).53-57 
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Figure 2. Octahedral hexa-nuclear core [Ln6(µ6-O)(µ3-OH)8]8+ (left) and projection view of 
[Y6(µ6-O)(µ3-OH)8(NO3)6(H2O)12]2+ (right). Hydrogen atoms have been omitted for clarity. 
Redrawn from reference 57. 
 

 When these octahedral complexes are used as molecular precursors they can lead to 

coordination polymers,45 complexes58-59 or colloidal suspensions.60 During the synthetic 

process, the octahedral arrangement is more or less modified,45, 58-59 depending on the synthesis. 

However, even when the hexa-nuclear core is destroyed, hexa-nuclear complexes used as 

reactants present a structuring effect and lead to original crystal structures that cannot be 

obtained using mono-nuclear lanthanide salts.61-62 It can be noticed that, in this octahedral core, 

lanthanide ions are about 3.5 Å far from each other, which is close to the distance between two 

lanthanide ions bridged by a carboxylate group. 

 In this manuscript, we combine the two strategies described above by using an efficient 

ligand for the organization of metallic centers and their sensitization via antenna effect, with 

the use of original hexa-nuclear cores as metallic centers. We thus describe the synthesis, the 

crystal structure and the luminescence properties of 1D coordination polymers obtained by 

reaction between 2-bromo-carboxylic acid and, no longer single lanthanide ions, but 

hexa-nuclear complexes. 
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EXPERIMENTAL SECTION. 

Synthesis of [Ln2(2-bb)6]∞ with Ln = Sm, Eu, Tb, Dy plus Y. 

 Lanthanide oxides (4N) were purchased from Ampere and used without further 

purification. Lanthanide nitrates were prepared according to established procedures.63 

Hexa-nuclear complexes with general chemical formula 

[Ln6(µ6-O)(µ3-OH)8(NO3)6(H2O)12]∙2NO3∙2H2O with Ln = Sm, Eu, Tb and Dy plus Y 

(hereafter symbolized by [Ln6]) (Figure 2) were prepared as previously described.57, 64 

Hetero-lanthanide hexa-nuclear complexes were synthesized according to previously published 

procedures.65 2-bromo-benzoic acid was purchased from TCI (>98%) and used without further 

purification. 

 0.005 mmol of a hexa-nuclear complex ([Ln6]), 0.05 mmol of 2-bromo-benzoic acid 

(2-bbH) and 2 mL of acetonitrile were placed in a 24 mL Parr autoclave. The molar ratio 

hexa-nuclear complex / ligand (1 / 10) has been used to fit with the number of basic 

oxo/hydroxo groups per hexa-nuclear complex.52 The Parr autoclaves were heated at 

100-120°C (depending on the lanthanide ion) for 100 h (Table 1). Then the autoclaves were 

cooled down at a 2°C.h-1 cooling rate. Colorless single crystals were obtained that were filtered, 

washed with acetonitrile and dried in ambient conditions. 

Table 1. Details of the syntheses of [Ln2(2-bb)6]∞ with Ln = Sm, Eu, Tb, Dy, Y 
Ln3+ Temperature (°C) Pictures of single crystals under UV excitation (312 nm) 
Sm3+ 110 

 

Eu3+ 110 
Tb3+ 115 
Dy3+ 115 
Y3+ 120 

 

 It must be noticed that each batch produces only about 150 µg of crystals, which 

prevents us from performing measurements that require big amounts of powder (all 

measurements have been done on the basis of crushed single crystals). Isostructurality of the 
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compounds was assumed on the basis of their powder X-ray diffraction diagrams and of their 

IR spectra. All of them were similar and only those of the Dy-derivative are reported, as a matter 

of example (Figures S1 and S2). 

 

X-ray diffraction. 

 Powder X-ray diffraction diagrams were collected with a Panalytical X'Pert Pro 

diffractometer equipped with an X'Celerator detector. Typical recording conditions were: 

45 kV, 40 mA, Cu Kα radiation (λ = 1.542 Å), θ/θ mode. Simulated patterns from crystal 

structure were produced with PowderCell and WinPLOTR programs.66-68 

 The crystal structure has been solved on the basis of the dysprosium derivative. Single 

crystals were mounted on a Bruker D8 Venture diffractometer. Crystal data collection were 

performed at 150 K with Mo Kα radiation (λ = 0.70713 Å). The crystal structure was solved, 

using SIR 97,69 by direct methods. It was refined, using SHELX-201770-71 with the aid of 

WINGX program.72-73 Most of non-hydrogen atoms were refined anisotropically. Because of 

the quite large unit cell (V = 17992 Å3) some of them have been refined isotropically for a better 

convergence of the refinement. Hydrogen atoms were located at ideal positions. Absorption 

corrections were performed using the facilities of WINGX program.74 Selected crystal and final 

structure refinement data are gathered in Table 2. Full details of the crystal structure have been 

deposited with the Cambridge Crystallographic Data Center under the depository number 

CCDC-1871220. 
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Table 2. Crystallographic data for [Dy2(2-bb)6]∞. 
Chemical formula C42H24Br6Dy2O12 
System Orthorhombic 
Space group (n°) Fdd2 (n°43) 
Formula weight (g.mol-1) 1525.01 
a (Å) 29.810(3) 
b (Å) 51.185(6) 
c (Å) 11.7913(14) 
V (Å3) 17992(4) 
Z 16 
Dcalc (g.cm-3) 2.252 
R (%) 4.48 
Rw (%) 10.85 
GoF 1.044 
CCDC number 1871220 

 

Electronic microscopy and Energy Dispersive Spectroscopy (EDS). 

 EDS measurements have been performed with a Hitachi TM-1000, Tabletop 

Microscope version 02.11 (Hitachi High-Technologies, Corporation Tokyo Japan) with EDS 

analysis system (SwiftED-TM, Oxford Instruments Link INCA). Reproducibility of the 

elemental analyses has been checked by repeating the measurements several times. Results, 

expressed in atom percentages, are average values of different spots. These experiments support 

the homogeneity of the samples. 

 

Optical measurements. 

 Solid-state emission and excitation spectra have been measured on a Horiba Jobin-Yvon 

Fluorolog III fluorescence spectrometer equipped with a Xe lamp 450 W, an UV-Vis 

photomultiplier (Hamamatsu R928, sensitivity 190 - 860 nm). The emission/excitation spectra 

recordings were realized on powder samples in 700 µL quartz cuvettes. The low temperature 

fluorescence measurement on Y-based sample was realized with the same device in a quartz 

capillary using a Dewar filled with liquid nitrogen, at 77 K. The quantum yields were measured 

with the same device using an integrating sphere, extending its correction curve in the 

290-330 nm range by measuring standards in this range (the Eu tris-dipicolinate in tris 
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(tris(hydroxymethyl)aminomethane) buffer solution as proposed by Chauvin et al.75). The 

quantum yield was estimated measuring the ratio between absorbed photons around the 

excitation wavelength without and with the sample (the difference between respectively La and 

Lc values for corresponding integrated spectra) and the emitted photons with and without the 

sample (the difference between respectively Ec and Ea values for corresponding integrated 

spectra). The lifetime values were measured with the same device, using a pulsed Xenon source 

and measuring the intensity emitted after increasing time delay. The decay time was then fitted 

using a mono-exponential decay function. Appropriate filters were used to remove the residual 

excitation laser light, the Rayleigh scattered light and associated harmonics from spectra. All 

spectra were corrected for the instrumental response function. The absorbance spectrum at room 

temperature was realized using a Perkin Elmer Lambda 650 dual beam spectrometer with an 

integrating sphere allowing the measurement of solid-state samples. Colorimetric coordinates 

have been calculated on the basis of the emission spectra.76-77 IR spectra were recorded between 

4000 and 400 cm-1 using a Perkin Elmer Frontier FTIR spectrometer equipped with an ATR 

sampling accessory. 

 

RESULTS AND DISCUSSION. 

 Reactions in solvothermal conditions between an hexa-nuclear complex 

([Ln6(µ6-O)(µ3-OH)8(NO3)6(H2O)12]∙2NO3∙2H2O) and 2-bromo-benzoic acid (2-bbH) in 

acetonitrile lead to lanthanide-based one-dimensional coordination polymers with general 

chemical formula [Ln2(2-bb)6]∞ with Ln = Sm, Eu, Tb and Dy plus Y. 

Crystal structure description. 

 The crystal structure was solved on the basis of the Dy-derivative. It crystallizes in the 

orthorhombic system, space group Fdd2 (n°43) (See Table 1). 
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Figure 3. Perspective views of the neighborhoods of the two independent Dy3+ ions in 
[Dy2(2-bb)6]∞. 
 

 There are two independent Dy3+ ions and six independent 2-bb- ligands in the 

asymmetric unit. Dy1 is eight coordinated by eight oxygen atoms from six different 

2-bb- ligands that form a slightly distorted snub diphenoid (Continouous Shape 

Measurements(CShM)78-79 agreement factor is 2.958 - See Table S1). Dy2 is seven coordinated 

by seven oxygen atoms from six different 2-bb- ligands that form a slightly distorted pentagonal 

bi-pyramid (Continouous Shape Measurements(CShM) agreement factor is 1.119 – See Table 

S1) (Figure 3). The ligands present two µ2 binding modes. The first one binds the two Dy3+ ions 

in a monodentate way while the second one binds one Dy3+ ion in a monodentate way and the 

other in a bidentate way (Figure 4). It can be noticed that in this crystal structure there is no 

coordination or crystallization solvent molecule. The ligands triply bridge the Dy3+ ions, which 

leads to 1D molecular chains in which the Dy3+ coordination polyhedrons alternatively share 

an edge or a vertex forming a 1D inorganic sub-lattice (Figure 4). Intermetallic distances 

between neighboring Dy3+ ions in the molecular chain are 3.8771(9) Å and 4.2296(9) Å. 
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Figure 4. Ligands binding modes in [Dy2(2-bb)6]∞ (top). Projections views of a molecular chain 
in [Dy2(2-bb)6]∞ (middle). Projections views of a molecular chain in [Dy2(2-bb)6]∞ with Dy3+ 
coordination polyhedrons (bottom). 
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 There are 2-bb- ligands all around these inorganic chains that therefore are quite far 

away from each other (Scheme 1). Indeed, the shortest distances between Dy3+ ions that belong 

to adjacent chains are greater than 10 Å, that is the distance above which intermetallic energy 

transfers80-81 are expected to be less efficient.82-83 The only intermetallic distances shorter than 

this threshold are those between lanthanide ions that belong to the same molecular chains. 

Consequently, there are only four Dy3+ ions closer than 10 Å from a given Dy3+ ion (Scheme 1). 

Projection views of a unit cell content are reported in Figure 5 

 
Scheme 1. Schematic representation of [Dy2(2-bb)6]∞. Only lanthanide ions are drawn for 
clarity. Shortest intermetallic distances from a given atom (Dy1 in blue) are reported (in Å). 
The diameter of the blue sphere is 10 Å. 
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Figure 5. Projection views of an extended unit cell of [Dy2(2-bb)6]∞ along the a+c direction 
(left) and along the c-axis (right). Coordination polyhedrons have been drawn. 

 

Luminescent properties of [Ln2(2-bb)6]∞ with Ln = Tb and Eu. 

 Room temperature solid-state excitation and emission spectra of the Tb3+- and 

Eu3+-derivatives have been recorded (Figure 6). In both excitation spectra there is a broad 

excitation band centered at 300 nm that can be attributed to the ligand 1π*/3π* ← 1π transitions. 

Energies of the first excited singlet (1π*) and triplet (3π*) states of the ligand have been 

estimated by referring to the UV-visible absorbance edge (320 nm ≈ 31250 cm-1) (Figure S3) 

and to the phosphorescent band recorded at 77 K (423 nm ≈ 23640 cm-1) (Figure S4) of the 

Y-derivative. According to Reinhoudt's empirical rules,84 the gap between the first excited 

triplet state and single state (7600 cm-1 > 5000 cm-1) is expected to favor efficient 

Inter-System-Crossing. On another hand, according to Latva's empirical rules,85 the energy of 

the first excited triplet state of the ligand is expected to favor good ligand-to-lanthanide energy 

transfers for both the terbium and the europium ions. This suggests the presence of an efficient 

antenna effect.44 The efficiency of this effect has been estimated using the following 

relationship on the basis of the Eu-derivative:83 
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QLn
Ligand = ηsens. QLn

Ln (1.) 

where QLn
Ligand and QLn

Ln are the overall and intrinsic quantum yields, respectively, and where 

ηsens is the sensitization efficiency (via antenna effect) (Table 3). The intrinsic quantum yield 

has been recorded at 395 nm which is a 4f-4f transition (Eu3+: 5L6←7F0)86 without significant 

overlap with the ligand absorption band. The sizeable value87 of the sensitization efficiency, 

69(6) %, confirms the efficiency of the antenna effect and is in agreement with the overall 

quantum yields that have been measured. It can also be noticed that both the Eu- and the 

Tb-derivatives present similar quantum yields. This may be related to the absence of C-H and 

O-H vibrators near the lanthanide ions. 
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Figure 6. Solid-state room temperature excitation and emission spectra of [Tb2(2-bb)6]∞ (top) 
and of [Eu2(2-bb)6]∞ (bottom). λexc = 300 nm. 
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Table 3. Colorimetric coordinates, quantum yields and luminescent lifetimes for 
[Tb2(2-bb)6]∞ and [Eu2(2-bb)6]∞. 

 
QLn
Ligand (%) τ (ms) QLn

Ln (%) ηsens (%) 
Colorimetric 
coordinates 

 x y 
[Tb2(2-bb)6]∞ 16(1) 0.97(5) - - 0.349 0.597 
[Eu2(2-bb)6]∞ 11(1) 0.48(4) 16(1) 69(6) 0.629 0.345 

 

Concentration quenching: Luminescence properties of [Y2xTb2-2x(2-bb)6]∞ with 

0.05 ≤ x ≤ 0.9. 

 The quite moderate quantum yield of the Tb3+-derivative suggests a strong concentration 

quenching effect related to intermetallic energy transfers. In order to verify this assumption 

some hetero-lanthanide compounds with general chemical formula [Y2xTb2-2x(2-bb)6]∞ have 

been prepared from the corresponding [Y6xTb6-6x] hetero-lanthanide molecular precursors.60 In 

these compounds dilution of the optically active Tb3+ ions by optically non-active Y3+ ions, that 

statistically increases the mean Tb-Tb distance, is expected to produce an enhancement of the 

luminescence of the Tb3+ ions.87 Their overall quantum yields and luminescent lifetimes have 

been measured (λexc = 300 nm) (Table 4 and Figure 7). Emission spectra are reported in Figure 

S5. 

Table 4. Relative ratios between Y3+ and Tb3+, Tb3+ overall quantum yields and 
luminescent lifetimes for some [Y2xTb2-2x(2-bb)6]∞ compounds with 0 < x <1. 

  

xb Tba(%) Ya(%) QLn
Ligand (%) τ (ms) 

0.05 96(2) 4(2) 24(2) 1.0(1) 
0.1 88(2) 12(2) 36(3) 1.2(1) 
0.25 75(2) 25(2) 14(1) 0.9(1) 
0.5 54(2) 46(2) 10(1) 1.1(1) 
0.66 34(2) 66(2) 9(1) 0.9(1) 
0.9 13(2) 87(2) 9(1) 0.9(1) 

a: Experimental values (metal contents found by elemental analyses) 
b: Expected values  

  

 

 At this point, one must notice that the x values is an average value that correspond to a 

mixture of several complexes with different distributions of the two lanthanide ions over the 

metallic sites of the complexes.65 Because they are hexa-lanthanide complexes, x value for a 
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given complex can only be 0, 1/6, 2/6, 3/6, 4/6, 5/6 and 1. Additionally, because ionic radii of 

the Tb3+ and Y3+ ions are quite different, trans configurations are probably favored with respect 

with cis configurations (which is also in agreement with the inversion center on the central 

oxygen atom). 

  
Figure 7. Tb3+ overall quantum yields for some [Y2xTb2-2x(2-bb)6]∞ compounds with 0 ≤ x <1 
(λexc = 300 nm). 
 

 These measurements strongly suggest that the distribution of the lanthanide ions over 

the metallic sites of the molecular chain crystal structure is influenced by the composition of 

the hexa-nuclear molecular precursor. Indeed, if the hexa-nuclear complexes were completely 

destroyed before the building of the molecular chains, the distribution of the lanthanide ions 

would be perfectly random87 and the overall quantum yield versus x curve would be similar to 

those that are commonly observed for actual molecular alloys prepared from simple lanthanide 

salts (such as chlorides or nitrates) in water.88 

 If it was the case one would expect to observe a maximum of the quantum yield when 

statistically there are only non-optically active lanthanide ions in a 10 Å radius sphere centered 

on a given optically active lanthanide ion, that is, in the present case, for x ≈ 80% (Since there 

are four lanthanide ions closer than 10 Å from a given lanthanide ion. See Scheme 2). On the 
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contrary, the observed quantum yield abruptly increases by about 50% as soon as only 5% of 

Y3+ are present. This suggests that there are some part of the molecular chains in which Tb3+ 

ion are further from each other than the mean Tb-Tb distance. These parts contribute to an 

enhancement of the overall luminescence of the crystal. 

 These measurements also show that after a strong dilution effect, that can be attributed 

to an increase of the Tb-Tb distance in a molecular chain, the dilution effect is then less efficient 

and simply compensates the decrease of the number of the emitting lanthanide ions. This is in 

agreement with the big intermetallic distances between lanthanide ions that belong to 

neighboring molecular chains. 

 Indeed, based on the crystal structure analysis, one can expect two different modes of 

intermetallic energy transfers: a very efficient one inside the chains (inner intermetallic energy 

transfer) and a less efficient one between lanthanide ions that belong to neighboring molecular 

chains (outer energy transfer) (Scheme 2). 

 



REVISED MANUSCRIPT
19 

 

Scheme 2. Schematic representation of the inner and outer energy transfers. The 10 Å radius 
sphere symbolizes the zone in which intermetallic energy transfers are expected to be the more 
efficient.  
 

 Intermetallic energy transfers have been studied extensively.89-90 Two mechanisms 

originate them: The first one, which is encountered in molecular species, is due to electrostatic 

interactions and is independent from the concentration of both the donor and the acceptor. It 

relies only with a well-defined donor/acceptor pair.81, 91 The second one, which is encountered 

in doped infinite materials, is related to exchange interactions and depends on the statistical 

distribution of the donors and acceptors.80, 92 Therefore, it must vary with the doping rate. 

 

Energy transfer efficiency: Luminescence properties of [Eu2xTb2-2x(2-bb)6]∞ with 

0.05 ≤ x ≤ 0.5. 

 The strong dilution effect highlighted above suggests efficient intermetallic energy 

transfers. Therefore some hetero-lanthanide compounds with general chemical formula 

[Eu2xTb2-2x(2-bb)6]∞ have been prepared from the corresponding [Eu6xTb6-6x] hetero-lanthanide 

hexa-nuclear precursors (Table 5). The study was limited to x smaller than 0.5 because when x 

becomes greater than 0.5, the luminescence of the Tb3+ ion almost vanishes. Emission spectra 

have been recorded (Figure 8) and luminescence lifetimes and overall quantum yields have 

been measured under UV irradiation (λexc = 300 nm) (Table 5). Intermetallic energy efficiency 

(ηET) of these compounds have also been calculated according to the relationship:83  

ηET = 1 − τobs
τ0

 (2.) 

where τ0 (Table 4) and τobs (Table 5) are the Tb3+ luminescence lifetimes in the absence an in 

the presence of Eu3+ acceptor ions, respectively. 
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Figure 8. Room temperature solid-state emission spectra of [Eu2xTb2-2x(2-bb)6]∞ with 
0.05 ≤ x ≤ 0.5 under UV irradiation (λexc = 300 nm). 
 

Table 5. Relative contents, overall quantum yields and luminescence lifetimes of Eu3+ and 
Tb3+ and intermetallic ernergy transfer efficiency for [Eu2xTb2-2x(2-bb)6]∞ with 0.05 ≤ x ≤0.5. 

xb Eua(%) Tba(%) QEu
Ligand % τ (ms) QTb

Ligand % τ (ms) ηΕΤ (%) 
0.05 9(2) 91(2) 4.3(4) 0.75(7) 3.1(3) 0.37(4) 63(6) 
0.1 12(2) 88(2) 8.6(8) 0.70(7) 3.6(4) 0.24(2) 76(7) 
0.2 20(2) 80(2) 7.4(7) 0.68(7) 1.1(1) 0.14(1) 85(8) 
0.33 34(2) 66(2) 6.9(7) 0.60(6) 0.64(6) 0.08(1) 92(9) 
0.5 49(2) 51(2) 8.2(8) 0.60(6) 0.44(4) 0.05(1) 95(9) 

a: Experimental values (metal contents found by elemental analyses) 
b: Expected values (metal contents used for the synthesis) 

 

 These measurements confirm that there is strong, and rapidly growing with x, 

intermetallic energy transfers in this series of compounds. This is in agreement with the short 

intermetallic distances in the molecular chains. This also strongly suggests that intermetallic 

energy transfers, in this series of compounds, are due to exchange interactions. 
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Suggested synthetic mechanism. 

 In order to check if the hexa-nuclear complexes actually play a role in the synthetic 

process, reaction between lanthanide nitrates (that can be considered in wet acetonitrile as a 

mono-lanthanide complexes)93 and 2-bromo-benzoic acid were realized in identical conditions. 

In any cases, no crystallization or precipitation occurred. 

 It has been previously shown for a similar system58 that the carboxylate oxygen atoms 

binding and the collapse of the starting hexa-nuclear complex occur simultaneously. Indeed, 

the carboxylate functions clip and connect neighboring lanthanide ions while the capping 

hydroxyl groups are removed. The proposed mechanism was the separation and the gliding of 

two opposite triangular faces of the starting octahedron forming a hexagonal ring (Scheme 3). 

In the present case, based on this mechanism, it can be suggested that the transformation goes 

on and finally leads to a straight molecular chain. 

 
Scheme 3. Suggested synthetic mechanism: separation and gliding of the two opposite 
triangular faces, separation of the two triangles and resulting chain. Broken lines symbolize 
bond breaking. 
 
 
 



REVISED MANUSCRIPT
22 

 

Comparison between the luminescence properties of [EuTb(2-bb)6]∞ and 

{[Tb2(2-bb)6]0.5[Eu2(2-bb)6]0.5!∞. 

 If this suggested mechanism really occurs, hetero-lanthanide molecular chains must be 

different depending on whether the starting octahedral complexes are homo- or 

hetero-lanthanide. 

 In order to verify this assumption, two compounds, with identical elemental composition 

and overall crystal structure, have been prepared in identical synthetic conditions: (i) 

[EuTb(2-bb)6]∞ has been prepared from the single [Eu3Tb3] hexa-nuclear precursor; (ii) 

{[Tb2(2-bb)6]0.5[Eu2(2-bb)6]0.5!∞ has been prepared from a fifty-fifty mixture of [Eu6] and [Tb6] 

hexa-nuclear precursors (Scheme 4). 

 Their emission spectra have been recorded (λexc = 300 nm) (Figure 9) and their 

colorimetric coordinates calculated (Scheme 4). 
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Figure 9. Room temperature solid-state emission spectra under UV irradiation (λexc = 300 nm) 
of [EuTb(2-bb)6]∞ (top) and {[Tb2(2-bb)6]0.5[Eu2(2-bb)6]0.5!∞ (down). 
 

 Both spectra are very different: (i) [EuTb(2-bb)6]∞ shows very weak Tb3+ luminescence 

intensity and the ratio (F) between the intensity of the Tb3+ dominant transition centered at 

545 nm (5D4→7F5) and that of the Eu3+ centered at 617 nm (5D0→7F2) is only F = 0.03. 

Accordingly, this compound exhibits red emission (x = 0.631, y = 0.354). (ii) On the contrary, 
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{[Tb2(2-bb)6]0.5[Eu2(2-bb)6]0.5!∞ shows almost identical Tb3+ and Eu3+ emission intensities 

(F = 0.94) and therefore exhibits yellow emission (x = 0.443, y = 0.482) (Scheme 4). 

 These measurements are in perfect agreement with our suggested mechanism. Indeed, 

they strongly suggest that Tb3+ ions and Eu3+ ions are "segregated" in 

{[Tb2(2-bb)6]0.5[Eu2(2-bb)6]0.5!∞ while they are randomly distributed in [EuTb(2-bb)6]∞. 

According to us, it demonstrates that it is possible to design hetero-lanthanide coordination 

polymers with segregated and alternating sequences that contain only one of the two lanthanide 

ions and others that contain only the second one. To the best of our knowledge, this is 

unprecedented.

 

Scheme 4. Colorimetric coordinates of the coordination polymers prepared from [Eu3Tb3] 
hexa-nuclear precursor (top) and from a fifty-fifty mixture of [Eu6] and [Tb6] hexa-nuclear 
precursors (bottom). 
 

Luminescence properties of {[Y2(2-bb)6]0.8[Tb2(2-bb)6]0.1[Eu2(2-bb)6]0.1!∞ 

 It is also possible to move away these homo-metallic sequences from each other by 

inserting optically non-active ones. Actually a tri-lanthanide coordination polymer with 
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chemical formula {[Y2(2-bb)6]0.8[Tb2(2-bb)6]0.1[Eu2(2-bb)6]0.1!∞ has been prepared from the 

mixture of the corresponding three homo-lanthanide hexa-nuclear precursor. Its emission 

spectra has been recorded (λexc = 300nm) (Figure S6). In this emission spectrum, Tb3+ 

component is dominant (F = 1.7) and indeed, the compound emits in the green 

(x = 0.405, y = 0.538) (Figure 10). This enhancement of the relative intensity of the Tb3+ 

component is due to the introduction of Y3+-based sequences that makes the Tb3+-based 

sequences and the Eu3+-based ones far from each other and therefore reduces intermetallic 

transfers between them. 

 
Figure 10. Colorimetric coordinates of {[Y2(2-bb)6]0.8[Tb2(2-bb)6]0.1[Eu2(2-bb)6]0.1!∞, 

{[Tb2(2-bb)6]0.5[Eu2(2-bb)6]0.5!∞ and [EuTb(2-bb)6]∞ under UV irradiation (λexc = 300 nm). 
 

CONCLUSION AND OUTLOOK. 

 In this paper the crystal structure of a news series of iso-structural homo- and 

hetero-lanthanide coordination polymers with general chemical formula [Ln2(2-bb)6]∞ is 

described. These compounds are prepared form hexa-nuclear molecular precursors.  
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 Emission measurements suggest that the coordination of 2-bb- ligand on a hexa-nuclear 

destroys this molecular precursor but somewhat preserve the relative arrangement of the six 

lanthanides. Indeed, optical signatures shows that the resulting coordination polymers present 

sequences of lanthanide ions that are reminiscent of the initial hexa-nuclear precursors. This 

leads to unprecedented coordination polymers in which the different lanthanide ions 

segregation can be controlled. This could be of great interest for materials tagging or fight 

against counterfeiting for which luminescent taggants difficult to replicate are needed. 

However, if technological applications are targeted, a scale up of the synthesis is mandatory. 

We are currently working along this line. 
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