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Dual emission tunable in the near-infrared (NIR) and visible (VIS) 

spectral range by Mix-LnMOF 

Roberta Anjos de Jesus a, Leonis Lourenço da Luz b, Danilo Oliveira Santos a, José Arnaldo Santana 
Costa a, Sandro Navickiene a, Claudia Cristina Gatto c, Severino Alves Júnior b* and Maria Eliane de 
Mesquita a. 

In this work, we describe the synthetic approach, crystallographic structure, luminescent behavior and elucidate the 

channels of the energy conversion in heteronuclear coordination polymers with emission in the visible (Eu3+ and organic 

ligand) and near-infrared (Nd3+) range. The [(Nd0,9Eu0,1)2(dipc)3(H2O)3]n·nH2O, [(Nd0,7Eu0,3)2(dipc)3(H2O)3]n·nH2O, 

[(Nd0,5Eu0,5)2(dipc)3(H2O)3]n·nH2O, [(Nd0,3Eu0,7)2(dipc)3(H2O)3]n·nH2O, [(Nd0,1Eu0,9)2(dipc)3(H2O)3]n·nH2O, 

[Eu2(dipc)3(H2O)3]n·nH2O and [Nd2(dipc)3(H2O)3]n·nH2O materials are obtained by hydrothermal conditions from pyridine-

2,6-dicarboxylic acid (H2dipc) and respective Ln2O3 oxide (Ln = Eu and Nd). The fine structure of emission spectrum and 

spectral profile are used to investigate the ion responsible for emission characteristic of (6) material, based on 

coordination polyhedron. The heteronuclear systems show emission in dual spectral range (NIR-VIS) tuned for blue or red. 

The tuning of emission on the red (Eu3+) or blue (organic ligand) range may be performed by stoichiometric ratio control 

between the lanthanide ions and by excitation wavelength. Nd3+ ions display self-absorption of emission to dipc ligand 

resulting in interference on the emission band profile ranging from 400 to 600 nm. The energetic process of energy 

transfer is operated by a cascade of energy transfer, from dipc ligand mainly to Eu3+ ions and finishing on the Nd3+ ion. The 

efficient sensitization to Nd3+ by Eu3+ ions is due to the presence of many resonant energy levels and short distance 

between these ions.

Introduction 

In the last two decades, the development of multifunctional 

supramolecular devices based on coordination polymers, has 

been driven by intrinsic properties of their individual precursor 

materials and unique properties due to their synergism in the 

end structure, such as luminescence in large spectral range, 

magnetic behaviour, porosity, selective adsorption, catalysis 

and others.1-6 The employment of mixing and co-doping of 

different metal types is a commonly used approach to obtain 

coordination polymers with large spectral range emission for 

applications in luminescent sensing and light-emitting.2, 7-10 

Lanthanide trivalent ions shows narrow line-like emission 

bands   from f–f states. This results in a large number of the 

absorption and emission bands arising from the transitions 

between the energy levels, covering spectral range from near 

ultraviolet (NUV) to near-infrared (NIR).11,12 These intrinsic 

luminescent properties of lanthanide ions, together with the 

unique advantages of coordination polymers, offer excellent 

prospects for designing novel luminescent materials with high 

added values for specific applications in telecommunications, 

medical diagnoses, and so on.13-17 Mixed-lanthanide systems 

were traditionally used in matrix composition to actuate as 

sensitizer in up-conversion systems and in white light emission 

devices.10,18-21 However, other reports present the 

development of systems with dual and bimodal emission 

(UV/VIS/NIR), based on heterolanthanide cationic species, 

[Ln(H2O)8]3+, encapsulated in supramolecular systems.22-24 The 

development of dual emissive materials based on 

heteronuclear f–f arrays with different lanthanide ions made it 

possible to develop advanced technological applications such 

as ratiometric thermometers, markers, clinical diagnostics and 

other optical sensors. 10, 25-31 One limitation on design of 

mixed/co-doping-lanthanide-organic material, containing two 

or more independent luminophore, is due to randomized 

distribution to lanthanide ions. This behaviour results in a 

distribution of distinct populations with crystal domain 

composed by only europium ions, by only neodymium ions and 

by co-doped domain. In addition, it is verified the large 

incidence to energy transfer and energy migration between 

the multi-luminophore resulting in emission quenching.8, 32-34 
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However, by controlling the stoichiometry ratio of the 

reactants we can obtain mixed-MOFs with any desired 

lanthanide composition and in a predictable and reproducible 

fashion, thus opening a convenient pathway for tuning 

luminescence properties of MOFs. This study describes the 

synthesis, characterization and spectroscopic evaluation of five 

new coordination polymers containing mixed-lanthanide ions 

(Mixed-LnMOF) and the materials containing only one ion 

type. We consider the formula of these materials based on 

stoichiometric ratio of reaction as 

[(Nd0,9Eu0,1)2(dipc)3(H2O)3]n·nH2O,[(Nd0,7Eu0,3)2(dipc)3(H2O)3]n·n

H2O,[(Nd0,5Eu0,5)2(dipc)3(H2O)3]n·nH2O,[(Nd0,3Eu0,7)2(dipc)3(H2O)

3]n·nH2O,[(Nd0,1Eu0,9)2(dipc)3(H2O)3]n·nH2O,[Eu2(dipc)3(H2O)3]n·n

H2O and [Nd2(dipc)3(H2O)3]n·nH2O, herein designed as (1), (2), 

(3), (4), (5), (6) and (7), respectively, and dipc is pyridine-2,6-

dicarboxylate ion. Dipicolinic acid was chosen, due their ability 

and diversity of coordinations mode, resulting a large number 

of reported structures, and also systems containing 

heteronuclear f-f arrays with different lanthanide ions.34-38 

Experimental Section 

Chemicals and Reactants. Neodymium (III) oxide (Nd2O3) 

(99.99%), europium (III) oxide (Eu2O3) (99.99%) and pyridine-

2,6-dicarboxylic acid (H2dipc) (99%) from Aldrich (USA), were 

used as received and without further purification. 

Synthesis. The coordination compounds [(Nd1-

xEux)2(dipc)3(H2O)3]n.nH2O (dipc = pyridine-2,6-dicarboxylate 

and x = 0, 0.1, 0.3, 0.5, 0.7, 0.9 and 1) were obtained from the 

reaction mixture   80 mL of water, 6.4 mmol (169.6 mg) of 

H2dipc and 1.44 mmol (484.6 mg) of Nd2O3 and 0.16 mmol 

(56.3 mg) of Eu2O3 for (1), 1.12 mmol (376.9 mg) of Nd2O3 and 

0.48mmol (168.9 mg) of Eu2O3 for (2), 0.8 mmol (269.2 mg) of 

Nd2O3 and 0.8 mmol (281.5 mg) of Eu2O3 for (3), 0.48 mmol 

(161.5 mg) of Nd2O3 and 1.12 mmol (394.1 mg) of Eu2O3 for 

(4), 0.16 mmol (53.8 mg) of Nd2O3 and 1.44 mmol (506.7 mg) 

of Eu2O3 for (5), 1.6 mmol (563.0 mg) of Eu2O3 for (6), and 1.6 

mmol (538.4 mg) of Nd2O3 for (7),  in a Teflon® reactor and 

heated at 180 °C for 72 h and then cooled at room 

temperature. The solid products were washed with water and 

acetone and dried in a desiccator under reduced pressure.  

[(Nd0,9Eu0,1)2(dipc)3(H2O)3]n·nH2O (1). Yeld: 95.5 %. Elemental 

analysis (%) Calc. for C21H16N3O15.5Nd1.8Eu0.2 (848.3): C, 29.7; H, 

0.83; N, 5.0;. Found: C, 28.4; H, 2.0; N, 4.5. 

[(Nd0,7Eu0,3)2(dipc)3(H2O)3]n·nH2O (2). Yeld: 92.8 %. Elemental 

analysis (%) Calc. for C21H16N3O15.5Nd1.4Eu0.6 (851.6): C, 29.6; H, 

0.82; N, 4.9;. Found: C, 28.7; H, 1.8; N, 4.5. 

[(Nd0,5Eu0,5)2(dipc)3(H2O)3]n·nH2O (3). Yeld: 89.7 %. Elemental 

analysis (%) Calc. for C21H16N3O15.5NdEu (854.5): C, 29.5; H, 

0.82; N, 4.9;. Found: C, 29.0; H, 1.8; N, 4.7. 

[(Nd0,3Eu0,7)2(dipc)3(H2O)3]n·nH2O (4). Yeld: 90.7 %. Elemental 

analysis (%) Calc. for C21H16N3O15.5Nd0.6Eu1.4 (857.6): C, 29.4; H, 

0.82; N, 4.9;. Found: C, 28.5; H, 2.0; N, 4.7. 

[(Nd0,1Eu0,9)2(dipc)3(H2O)3]n·nH2O (5). Yeld:81.7 %. Elemental 

analysis (%) Calc. for C21H16N3O15.5Nd1.8Eu0.2 (860.7): C, 29.3; H, 

0.81; N, 4.9;. Found: C, 28.0; H, 2.0; N, 4.5. 

[Eu2(dipc)3(H2O)3]n·nH2O (6). Yeld: 98.1 %. Elemental analysis 

(%) Calc. for C21H16N3O15.5Eu2 (862.2): C, 29.2; H, 0.81; N, 4.9. 

Found: C, 31.8; H, 2.3; N, 4.9. [Nd2(dipc)3(H2O)3]n·nH2O (7). 

Yeld: 98.3 %. Elemental analysis (%) Calc. for C21H16N3O15.5Nd2 

(846.85): C, 29.8; H, 0.83; N, 5.0;. Found: C, 32.2; H, 2.5; N, 5.0. 

Experimental methods 

General instrumentation. Elemental analysis was performed 

using a Leco Analyser, model CHN 628 and the elemental 

composition of Nd and Eu were determined in an energy 

dispersive X-ray spectrometer, model EDX-720. Infrared 

spectra were recorded with a Shimadzu Spectrum FTIR 

spectrophotometer, model IR Prestige-21, in the range of 400-

4000 cm-1 and resolution of 4 cm-1, using the conventional KBr 

technique. The porosity characteristics of (1)-(7) compounds 

were determined by N2 adsorption–desorption experiments 

performed at 77 K on NOVA 1200 analyzer. The specific 

surface area (SBET) was determined from the linear part of the 

Brunaure-Emmet-Teller (BET) equation.39 Pore size distribution 

was estimated from the adsorption branch of the isotherm by 

the Barrett-Joyner-Halenda (BJH) method.40 Diffraction data 

were collected on a Bruker CCD SMART APEX II single crystal 

diffractometer with Mo Kα radiation (0.71073 Å) at 296K. The 

data were processed with SAINT and were corrected for 

absorption using SADABS.41 The structures were solved by 

direct methods using SHELXS-97 and subsequent Fourier-

difference map analyses yielded the positions of the non-

hydrogen atoms. The refinement was performed using SHELXL-

97.42 X-ray powder diffraction analyses were performed at 

room temperature, using a Bruker D8 Advanced with Da Vinci 

design and equipped with a LynxEye Linear Position Sensitive 

Detector and a Copper (Cu) sealed tube (λkα1 = 1.5404 Å, 

λkα2 = 1.5444 Å, Iα2/Iα1 = 0.5). Intensity data were collected in 

step scanning mode, ranging from 5 to 50° (2θ), with a step 

size of 0.01°,  Soller slit with 2.5° of divergence, 0.5° scattering 

slit and 0.6 mm receiving slit. The photoluminescence spectra 

and lifetime measurements were collected using a 

spectrofluorimeter  FLUOROLOG 3 ISA/Jobin-Yvon equipped by 

double excitation: 450 W Xe arc lamp and a xenon flash arc 

lamp. The lifetimes were obtained by fitting of integrated 

photo-luminescence decay curves with a multiexponential 

function where I0 is the intensity at t = 0.01 ms, Ai is amplitude 

and τi is the lifetime. 

  (1) 

The measurements at 10K was performed using a Janis 

cryostat CCS 400 with Lake Shore 335 temperature controller 

coupled to the spectrofluorimeter for data acquisition. 

Results and Discussion 

The single-crystal X-ray diffraction investigation has been 

performed for (6) and (7) compounds. These compounds are 

isostructural to those previously reported by  Brouca-

Cabarrecq et al.43, showing 3D structure and crystallize in the 
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monoclinic space group P21/c (Table S1, ESI). Each asymmetric 

unit of [(Nd1-xEux)2(dipc)3(H2O)3]n·nH2O (x = 0, 0.1, 0.3, 0.5, 0.7, 

0.9 and 1) materials comprises two crystallographically 

independent lanthanide atoms Ln(1) and Ln(2), three 

crystallographic independent dipc ligands and three 

coordinated water molecules (Figure S1†). The Ln(1) atom is 

coordinated by six oxygen and two nitrogen atoms from dipc 

ligand and another oxygen atom from one coordinated water 

molecule, resulting in polyhedral Ln(1)O7N2 (Figure 1(a)). Ln(2)  

is bonded to five oxygen and one nitrogen atoms from dipc 

ligand and two other oxygen atoms from two coordinated 

water molecules, resulting in polyhedral Ln(2)O7N (Figure 

1(b)). In addition, these coordinated polyhedrons may be 

described as monocapped square antiprism distorted to ideal 

symmetry C4V and dodecahedron distorted to ideal symmetry 

D2d, respectively to the Ln(1) and Ln(2) atoms. The O–Ln–O 

bond range from 64.02(11)–154.31(10)°. The Ln–O bond 

lengths vary from 2.333(3) to 2.558(3) Å, and the Ln–N 

distance are in the range of 2.565(4)–2.619(3) Å. The 

crystalographically independent Ln3+ ions are interconnected 

by carboxylate groups of the dipc ligand, which adopts four 

distinct coordination modes: monodentate, chelating, bis-

monodentate and -oxo-bridge (see Fig. S1†). This results in 

a 3D framework, in which present columns linked to each 

other by intermediate of a carboxylate group (see Fig. S2†) and 

one-dimensional channels running along the c axis (figure 

1(c)). Confirmation of the crystal phase and purity of all 

compounds synthesized was determined by CHN, FTIR, TGA 

and X-ray powder diffraction analysis (see support 

information). 

 
Figure 1: Coordination environment of (a) Ln(1) and (b) Ln(2), and (c) view 
crystalline structure along the c axis of the extended structure. 

The isotherms of N2 adsorption-desorption at 77K for (1)-(6) 

compounds and the surface areas, pore volume and pore size 

data are shown in Figure S3† and Table S2†, respectively (see 

supporting information). The isotherm format is the type of 

solid porosity, therefore the coordination polymers have type 

III isotherm. This isotherm occurs in a few solid porous or 

macroporous adsorption corresponding to multiple 

superimposed layers, since the amount adsorbed tends to 

infinity when P/P0 tends to 1. In this isotherm type, the 

isothermal interaction of adsorbate-adsorbent is low, ie the 

adsorbate molecules (N2) have greater interaction with each 

other than with the coordination polymers.44 Analyzing the 

surface area values, volume and pore size is observed that the 

materials are classified as microporous, that according to the 

classification of the IUPAC, have pore diameters less than 20 

Å.45 

The photoluminescent properties of the (6) compound, in solid 

state and at 10K are presented in Figure 2. The excitation 

spectrum (solid-black line of Figure 2) was acquired while 

monitoring the 5D0→
7F2 transition of the Eu3+ ion at 615 nm. 

This spectrum shows one broadband between 270 and 350 

nm, centred at 303 nm. We can assign this band to electronic 

transitions  from aromatic rings of the dipc ligands, 

according to previous reports.46, 47 The thin bands observed 

between 350 and 600 nm range arise from the 

intraconfigurational 4f-4f transitions of the Eu3+ ions. This 

spectral profile, with the intensity of bands assigned to dipc 

ligands is small relative to the intensity of f-f transitions of Eu3+ 

ions and the absence of luminescence assigned to ligands, 

suggesting that the ion sensitization process through of  ligand 

is effective however less efficient than direct excitation to ion. 

The  emission  spectrum (solid-red line of Figure 2) displays 

typical narrow bands characteristic to the Eu3+ ions due to 

intraconfigurational 5D0→
7FJ (J = 0, 1, 2, 3 and 4) transitions. 

The 5D0→
7F2 transition (at 615 nm), namely hypersensitive, 

present five deconvoluted peaks (see Figure S4†) and was 

primarily responsible for reddish colour of the 

photoluminescence (56% of the integrated spectrum). The 

presence of one symmetrical band associated to the 5D0→
7F0 

transition (578 nm) and full width at half maximum (FWHM) of 

48 cm-1, indicates the existence of only one emitting species 

responsible for this emission band.48 According to the selection 

rules, its presence in the emission spectra may be attributed to 

the J-mixing of 7F0 with 7F2, and 7F4 and 7F6 states.48-50 The 
5D0→

7F0 transition  is observed for the Eu3+ ion in systems with 

coordination environment with local symmetry of type CS, C1, 

Cn or Cnv or distortions of other symmetry in direction to these 

groups.51 The data of crystallography show two distinct 

coordination environment with symmetry C4V for Eu(1) and D2d 

for Eu(2). The emission spectrum from individual sites cannot 

be recorded independently from each other even at time 

resolved measurement and selective excitation even at time 

resolved measurement (see Figures S13†, S14†, S15† and 

S16†). Nevertheless, the main responsible for emission 

characteristics of this material, according to the split profile 

presented by emission spectrum, is due to Eu(1) with site 

symmetry C4V (see Figure S4†).52, 53 The monoexponential 

profile presented for lifetime of excited state for the (6) 

compound (see Fig. S5†), corroborate with this hypothesis.  
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Figure 2: Excitation (solid black line) and emission (solid red line) spectra, at 10K, 
of (6) compound. Excitation spectrum, was acquired by monitoring 5D0→7F2 
transition (615 nm) and emission spectra, were performed upon excitation at 
395 nm (7F0→5L6). 

The possibility of distortions from symmetry of Eu(2) was 

considered, but we did not find symmetry correlated to 

reproduce the split profile of  experimental emission spectrum 

(see Figure S4†).53 Thus, we can assign absence of 

luminescence from Eu(2) ion to symmetry of coordination 

environment, quenching effect due oscillators O-H of two 

water molecule directly bonded to Eu(2) ion, energy migration 

between excited states of Eu(1) and their neighbourhood 

Eu(2), and concentration quenching of europium ions.54, 55 

The emission quantum efficiency (η) of the 5D0 emitting level 

from Eu3+ ion, is given by equation:56, 57 

   (2) 

The total decay rate of spontaneous emission is Atotal = (1/τ) = 

Arad + Anrad, where   and Anrad are the radiative 

and non-radiative rates, respectively. The coefficients A0→J are 

determined by taking the magnetic dipole 5D0→
7F1 transition 

as an internal standard since A0-1 rate is almost insensitive to 

changes in the chemical environment around the europium 

ion. The spontaneous emission A01 is given from emission 

spectra and can be estimated according to the equations (3), 

where  is the respective barycenter energy and n is the 

refraction index.57, 58 

 (3) 

It was assumed that the n would be equal to 1.5. Others 

spontaneous emission coefficients A0J ( J = 0, 2, 3 and 4) were 

obtained by:56-58 

  (4) 

where S01 and S0J are the integrated intensities of the 5D0 →7F1 

and 5D0 →7FJ ( J = 0, 2, 3 and 4) transitions, and σ01 and σ0J are 

their barycentre energies, respectively. 

The experimental values of radiative and non-radiative rates of 

the spontaneous emission (Arad and Anrad, respectively) and 

quantum efficiency (η) for (6) are summarized in Table 1. The 

high  value for experimental non-radiative rate (Anrad = 1811.5 

s-1), relative to radiative  rate  (Arad  =  316.2  s-1),  the  low 

quantum efficiency (η = 15 %) and the short lifetime τ (0.47 

ms) can be associated to the non-radiative decay channels 

controlling the relaxation process from the vibronic coupling  

and O–H oscillators from the water molecules coordinated to 

the  Eu3+ ions.55  

Table 1: Radiative (Arad) and non-radiative (Anrad) decay rates and quantum 

efficiency (η) for (6) compound. 

Arad (s-1) Anrad (s-1) τ (ms) η (%) 

316.2 1811.5 0.47 15 

 

The photoluminescence behaviour, in solid state and at room 

temperature of the (7) compound, was performed by 

monitoring emission in the near-infrared (NIR) and visible (VIS) 

spectral range. Excitation spectrum in the VIS range was 

acquired by monitoring emission at 440 nm (see Figure S6†). 

This spectrum shows three broad bands with maximums at 

320, 343 and 370 nm. These bands are assigned to  

transitions from aromatic ring of the dipc ligands. 

Monitoring emission in the NIR range (1060 nm), the excitation 

spectrum present the band assigned to  transition of 

dipc ligand between 250 and 320 nm (see Figures S7, ESI). The 

bands between 320 and 800 nm were assigned to 4I11/2 → 2I13/2 

(326 nm), 4D5/2, 3/2, 1/2 (350 nm), 2P3/2 (378 nm), 2P1/2 (424 nm), 

2K15/2 and 4G11/2 (463 nm), 2K13/2 and 4G9/2 (507 nm), 4G7/2, 5/2 

(519 nm), 2G7/2, 5/2 (576 nm), 2H11/2 (621 nm), 4F9/2 (674 nm), 

4F7/2 and 4S3/2 (731 nm), and 4F5/2 and 2H9/2 (nm) (793 nm) 

transitions of Nd3+ ions (see Figure S7†).59 

The emission spectra in the NIR and VIS range were performed 

upon excitation at 350 and 370 nm, respectively, and are 

depicted in Figure 3. The NIR emission spectra (solid-black line 

of Figure 3), display two characteristic emission bands centred 

at 1060 and 1345 nm, which correspond to 4F3/2 → 4I11/2 and 
4F3/2 → 4I13/2  electronic transitions of  Nd3+ ions, respectively. 

In the visible range, the emission spectra present verified 

hump bands from 400 to 600 nm and are assigned to  

transitions from dipc ligand. This interference is attributed to 

self-absorption of  emission by Nd3+ ions, from ground state 
4I11/2 to excited states 2D5/2, 

2P1/2, 
4G11/2, 

3K13/2, 
4G9/2, 7/2, 5/2, 

4G7/2, 

5/2 and 2H11/2 as depicted in Figure 4. Similar behaviour has 

been reported by Silva and co-workers, at low temperature, in 

the poly(styrene sulfonate) (PSS) films doped with Nd3+ ions.60 

In addition, this data shows the possible energy transference 

from dipc ligand by other mechanisms.  
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Figure 3: Emission spectra of (7) compound, at room temperature, upon 
excitation at 370 nm.  

 The radiative lifetime of excited state was obtained upon 

excitation at 370nm and 350 nm, by monitoring emission at 

440 and 1060 nm, respectively. Decay curves of this 

coordination polymer could be fitted mono-exponentially (See 

Figures S8† and S9†). This short lifetime for emission in 1060 

nm corresponds high incidence to non-radiative  deactivation   

processes  (quenching effects)  most probably to O-H, C-H 

oscillators, vibronic mechanisms and cross-relaxation on 

intermediate levels (4F3/2→
4I15/2)-(4I9/2→

4I15/2).21, 55, 61-63 

 

 
Figure 4: Excitation and emission spectra of (7) compound shows interference 
effect caused by absorption of Nd3+ ion. The emission spectrum (light gray area) 
was acquired upon excitation in 370 nm. The excitation spectrum (dark gray 
area), was performed by monitoring emission at 1060 nm (4I11/2 →4F3/2) and 
intensity data multiplied for . 

The NIR and VIS photoluminescence in solid state of (1)-(5) 

materials, are performed at room temperature. The excitation 

spectra of these compounds, monitoring emission at 440 

( ), 615 (5D0 → 7F2) and 1060 nm (4F3/2 → 4I11/2), 

corresponding to emission of dipc ligand, Eu3+ and Nd3+ ions, 

respectively, were performed and depicted in Figures S10† and 

S11† (see support information) and in Figure 5. In Figure S11†, 

we observed that increasing concentration of Eu3+ ion, relative 

to concentration of Nd3+ ion, was verified the pronounced 

increasing of the interference effect caused by Nd3+ ion in the 

emission profile due to self-absorption from emission of the 

dipc ligand, as discussed above for the (7) compound. 

Regarding excitation spectra when monitoring emission at 615 

nm (5D0 → 7F2 of Eu3+ ions) (Figure S11†), we found that with 

increased concentration of Eu3+ ions , relative to Nd3+ ion, the 

intensity of bands due f-f  and  transitions of Eu3+ ion 

dipc ligand, respectively, are increasing. This behaviour 

revealing the existence of crystallographic doming containing 

distinct population of only Eu3+ ion, and which first band 

observed at 320 nm from excitation spectra of (7) compound 

is due to absorption of the ligands coordinated to Ln(1) atom, 

with symmetry C4V and responsible for red emission to (6) 

compound. 

Figure 5 shows excitation spectra of (1)-(5) materials by 

monitoring emission at 1060 nm (4F3/2 → 4I11/2). Characteristic 

absorption bands of Nd3+ ion due to transitions from ground-

state 4I11/2 to excited states were assigned. In addition, others 

bands were marked with asterisks symbol. 

The relative intensity of these bands marked with asterisk 

symbol increases progressively, in detriment to f-f transitions 

of Nd3+ ions, with increase to proportion of Eu3+ ion. We can 

assign these bands to transitions 7F0 → 5GJ (380 nm), 5L6 (394 

nm), 5D2 (464 nm) and 5D1 (534 nm) of Eu3+ ion and reveal the 

energy transfer channels from Eu3+ to Nd3+ ions. 

 

 
Figure 5: Excitation spectra of (1)-(5) compound, acquired by monitoring 
emission at 1060 nm (

4
F3/2 → 

4
I11/2 transition). 

 

Figure 6 presents the emission spectra, at room temperature, 

of (1)-(5) compounds in the NIR and VIS range, upon excitation 

at 300 and 350 nm. The emission spectra of these materials 

upon excitation at 350 nm are depicted by the blue and black 

lines. In the VIS range, these emission spectra shows the 

maintenance from the profile of emission bands to dipc ligand 

previously presented for (7) compound. The absence of 

emission bands from Eu3+ ions is due to complete quenching 

caused by energy transfer (ET) among the donor centre Eu3+ 

ion and acceptor centre Nd3+ ion, as reported in the literature 

for several materials.64, 65 However, in the (4) and (5) 

compounds we observe small bands between 570 and 715 nm 
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assigned to  (J = 0, 1, 2, 3 and 4) transitions of 

Eu3+ ion. This behaviour results from the randomized 

distribution and formation of distinct populations to Ln3+ ions 

in these materials, as discussed above. In the NIR range, the 

emission spectra are similar to those presented by the (7) 

compound when it is excited at 370 nm (see figure S12†). 

The excitation at 300 nm corresponds to sensitization of Eu3+ 

and Nd3+ ions by dipc ligand, resulting a verify change in the 

emission spectra profile (solid red line of Figure 6) in the visible 

spectral range, relative to excitation at 350 nm, of the (1)-(5) 

materials. For the (1) and (5) compounds, practically don't 

verify emission to  transition of dipc ligand. The 

emission of ligand is verified for (2), (3) and (4) compounds, 

together with f-f transitions of Eu3+ ions well defined. These 

behaviours corroborate the hypothesis to existence of distinct 

populations of Ln3+, due to randomized distribution from Nd3+ 

and Eu3+ ions. In addition, we verified the appearance of 

emissions from excited state 5D1 to ground states 7FJ (J = 0, 1 

and 2). This behaviour is attributed to concentration effect, 

since the strong interaction between ions and a cross-

relaxation process can explain the quenching effect due to fast 

decay from 5D1 (19085 cm-1) state to 5D0 (17182 cm-1) state in 

(6) materials most probably by (5D1,7F0) → (5D0,7F3) although 

phonon assisted (5D1,7F0) → (5D0,7F4) and (5D1,7F1) → (5D0,7F4) 

is possible at room temperature.54 

The emission spectra of (1)-(5) materials, have demonstrated 

dependence of the excitation wavelength, mainly to visible 

spectral range, since the relative amplitude of the emission 

transitions have shown substantial alterations upon distinct 

excitation. These results indicate that these materials are 

promising applications in photonic devices, with emission in 

distinct spectral regions as a function of excitation wavelength. 

 
Figure 6: Emission spectra of (1)-(5) compounds in the VIS-NIR spectral range, 
upon excitation at 300nm (solid red line) and 350 nm (solid blue and black lines) 

According to the above experimental results, the schematic 

energy level diagram and possible process to energy transfer 

and emission for (1)-(5) compounds are shown in Figure 7. 

According to literature data, the excited states of the dipc 

ligand (π*) are higher than the 4F3/2 and 5D0 emissive levels of 

Nd3+ and Eu3+ ions, respectively.46, 66 Although the first triplet 

excited level of the dipc ligand presents energy too high 

relative to the emitting levels of these ions for allowing an 

effective back energy transfer, losses take place during the 

energy transfer from others upper excited states to emitting 

levels due to other processes such as vibronic mechanism, O-H 

and C-H oscillators and cross-relaxation. The process to the 

deactivation of excited states of these mix-lanthanide-organic 

systems by the sensitization of dipc ligand, operate by cascade 

of energy transfer. In the first step, the initially populated 

states (π*) of the dipc ligand  may decay by two processes: i) 

radiative decay for ground state (π) (blue spectral range) or ii)  

energy transfer to excited states of the  Eu3+ or Nd3+ ions 

(antenna effect). In the second step, the deactivation of 

excited states of Eu3+ ion may occur by radiative decay with 

emission in red spectral range or non-radiative decay by 

energy transfer for the excited states of the Nd3+ ion. In turn, 

the excited state (4F3/2) of Nd3+ ion decay for ground state 4IJ’ 
occurs with emission in the NIR range. After the second 

process of the first step, the metastable 4F3/2 level of Nd3+ ion 

decay for ground state 4IJ’ (J = 11/2 and 13/2) with emission in 
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the NIR range. In addition, we verified to absorption of 

emission to dipc ligand (blue range) and Eu3+ ion (red range) by 

the Nd3+ ions. Summarizing, verify that excitation of the ligand-

centred, π → π* transitions, in (1)-(5) coordination polymers 

gives a luminescence with three components, including the 

residual ligand-centered π* → π in the blue range, and  

emissions in the red and NIR range by Eu3+ and Nd3+ ions, 

respectively. 

 
Figure 7. Schematic energy level diagram and energy transfer process for (1)-(5) 
compounds . 4IJ’ and 4F3/2 are ground and first excited states of Nd3+ ion; π and π* 
are ground and excited states of dipc ligand, respectively; 7FJ and 5D0 are ground 
and first excited states of Eu3+; arrows, represents emission of light; dotted 
arrows, represent non-radiative transfer energy between excited states of Nd3+, 
Eu3+ and dipc ligand; wavy blue line, represents absorption of emission from 
ligand by Nd3+ ion; wavy red line represents absorption of emission from ligand 
by Eu3+ ion. 

Conclusions 

In the present study, the five new heteronuclear and other 

two homonuclear coordination polymers were obtained for 

hydrothermal routing. Compound (6) displays emission 

primarily of the Eu(1) centre with C4V symmetry. The absent of 

emission to Eu(2) is due to it symmetry end non-radiative 

deactivation process. Compound (7), show emission in the 

blue and NIR spectral range. The heteronucelar (1)-(5) 

materials display emission in the VIS and NIR range, and 

present dependencies of the excitation wavelength, mainly to 

visible spectral range, with substantial alterations upon distinct 

excitation. Thus, the compounds (1)-(5) present double 

emission (VIS and NIR range) tunable in the VIS (blue or red) 

spectral range. The tuning of emission on the red or blue range 

may be performed by stoichiometric ratio control between the 

lanthanide ions and by excitation wavelength. This 

dependence with excitation wavelength confers to these 

materials promising applications in photonic devices. The Eu3+ 

ions acting as efficient sensitizer to Nd3+ ions becomes the 

main sensitization channel to the Nd3+ ions, in the (5) 

compound. Nd3+ ions present self-absorption of emission to 

dipc ligand in (1)-(5) and (7) coordination polymers. 
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