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Severino Alves  Juniora 

 

We report here the development of transparent and luminescent ionogels that consist of complexes formed by ionic liquid 

and lanthanide salts (europium, terbium, or gadolinium). To obtained these soft materials, we use a methodology that 

involves a room temperature reaction lasting a few minutes and no solvent, stirring or heating. The ionogels exhibit 

intense emission lines upon UV light irradiation, and were characterized by luminescence spectroscopy made at different 

temperatures, FTIR, NMR, and Thermogravimetric Analysis. We performed a theoretical study on the luminescent 

properties of ionogels comparing experimental and theoretical results. The model Sparkle/RM1 was applied to forecast 

the system geometry and the INDO/S-CIS model was used to calculate the energies of excited states. The intensity 

parameters were predicted based on the Judd-Ofelt theory and the theoretical model based on 4f-4f transitions was 

applied in the calculation of transfer fees and energy retrotransference, radioactive and nonradiative decay rates, at last a 

quantum efficiency. The materials obtained have excellent photophysical properties (lifetime high, narrow line width and 

high degree of color purity) which makes them extremely valuable for various optical applications. 

 

1. Introduction 

 

Consisting of organic salts, the ionic liquids (ILs) have low 

melting point (below 100°C or even at room temperature). The 

most common ILs feature an organic cation and an inorganic 

anion[1]. Initially used as solvents, the ILs won a significant 

space in several fields over 101 years of existence[2]. The 

unusual properties attributed to ionic liquids are interesting 

for synthesis of new inorganic systems[3]. They exhibit features 

like low viscosity and a high-temperature stability[1],[2]. A wide 

variety of ILs can be attributed to adequate selection of the 

anion/cation combination allow to tune the properties of ionic 

liquids such as polarity, viscosity, among others[4]. 

Furthermore, many ionic liquids are colorless and transparent 

through almost the whole visible and near-infrared spectral 

regions. This fact added with their excellent chemical stability, 

makes them very useful as optical solvents[5]. Ionic liquids are 

often considered only solvents but currently, exhibit 

sophisticated applications in designer Metal Organic 

Frameworks[6], to raise efficiency of solar cells[7]. One of the 

most recent employments of ILs is in the formation of soft 

materials which are luminescent systems with technological 

potentials[5],[8]. Ionogels are gels obtained by ionic liquids[9],[10].  

Today, we are finding ionogels in numerous applications[11],[12]. 

Because of the ionogels electrochemical characteristics as a 

high-ionic conductivity, cyclability, wide electrochemical 

window and a non-flammable[4], we still also cite the use of 

ionogels like electrolyte supercapacitor[13] or lithium battery 

electrolyte[4]. The fluorescence enhancement of lanthanides 

justified employment of ionogels as fluorescence imaging 

probes for biomedical purposes[14], or yet as luminescence 

solar concentrators (LSCs)[15-16]. Promising results were 

obtained for LSCs only the small Stokes shift, the intrinsic dye 

molecules, induces high self-absorption, which is a significant 

disadvantage[17]. The use of species with large Stokes shifts 

change optically active centers, decreasing the losses from 
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self-absorption observed with the dyes currently used[17] and 

quantum dots[18]. In this context, the peculiar emission 

features typical of lanthanide ions, such as photostability, long 

lifetimes (>10−4 s), large Stokes/anti-Stokes shifts (>200 nm), 

narrow bandwidth emissions (full width at half-maximum ~1 

nm) lying from the UV to the near-infrared (NIR) spectral 

regions, high luminescence quantum yields[19]. These 

characteristics explain why lanthanide ions are promising 

components in LSCs. In order to integrate this class of devices, 

are being used many efforts to develop new compounds with 

visible light emission, which is mainly white light generators. 

For example, in the literature is reported the synthesis of a 

gelatinous compound formed by the combination of 

lanthanide complexes ions and molecular organic gelators low-

mass preparing luminescent materials that can be potentially 

applicable in optoelectronics[20].  

Even with the large number of luminescent compounds 

available in the literature, until now, ionogels are not reported 

among the system components with white light emission.   

In this work, we explore the synthesis and characterization of 

luminescent ionogels was obtained at room temperature 

without using solvent or agitation. These soft materials are 

based on lanthanide salts and aprotic functional ionic liquid. 

The photoluminescence of elaborate compounds is discussed 

in details and is associated with chemical/thermal stability. 

Furthermore, we present a structural analysis, and a 

theoretical study of photoluminescence properties of Ln−IL 

complexes, which was made to obtain information about the 

energy transfer process from the ionic liquid for Eu3+ ions and 

using the software LUMPAC[21],[22],[23]. The intensity parameters 

Ωλ (λ = 2, 4, and 6) were calculated and compared with the 

experimental ones. In addition, the R02 parameters, radiative 

and non−radiative decay rates, and experimental emission 

quantum efficiencies also were investigated. Finally, a white 

light emitting material was obtained by forming a mixed 

system comprising the Eu3+, Tb3+ and Gd3+ ions and the ionic 

liquid: 3-methyl-1H-imidazol-3-ium-1-yl-propane-sulfonate. 

 

 

2. Experimental section 

2.1. Reagents  

The 3-methyl-1H-imidazol-3-ium-1-yl-propane-sulfonate and 

lanthanide salts (LnX3.6H2O were Ln = Eu, Tb or Gd, and X = 

NO3
- or Cl-) were prepared according to the reported 

procedures. All chemicals were purchased from commercial 

sources: 1−methyl imidazolium and 1,3−propanosulfone 

(Aldrich), ethyl acetate (Vetec), nitric acid/hydrochloric acid 

(Dinâmica) and lanthanides oxides (Alfa aesar/Aldrich). 

 
2.2. Characterization 

For a complete characterization of the material we used 

nuclear magnetic resonance (NMR), infrared spectroscopy 

(FTIR), and thermogravimetric analysis (TGA). In NMR 

deuterated dimethylsulfoxide (99%, Aldrich) were used. The 

spectrometer is VARIAN model Unity Plus 300 and 400 MHz for 

1H, to 13C. The chemical shift values are expressed parts per 

million (ppm) and coupling constants (J) in Hertz (Hz). The 

multiplicities are abbreviated as follows: singlet (s), doublet 

(d), triplet (t), and multiplet (m). Analysis of vibrational modes 

in the FT−IR (4000 cm-1 to 500 cm-1) were made by Infrared 

Spectroscopy Fourier transform spectrometer using a 

PerkinElmer Spectrum 400 FT-IR/FT-NIR spectrometer. TGA 

data under an N2 atmosphere were obtained with a Shimadzu 

TGA 50-H thermogravimetric analyzer, up to a temperature of 

800 °C, at a heating rate of 5 °C min-1. For the luminescence 

spectra the samples were excited using a 450 W xenon lamp. 

The emission and excitation spectra were analyzed using a 

modular spectrofluorometer Horiba-Jobin Yvon Fluorolog-3 

with double excitation, fitted with a 1200 groves/mm grating 

blazed at 330 nm, and a single emission spectrometer (TRIAX 

320) fitted with a 1200 groves/mm grating blazed at 500 nm 

coupled to a R928P Hamamatsu photomultiplier. All emission 

spectra were corrected for the spectral response of the 

monochromators and the detector using typical correction 

spectra provided by the manufacturer. The experiments with 

temperature variation used a temperature control module, 

fixed to the horizontal specimen holder coupled to the 

spectrofluorimeter previously mentioned. It samples were 

deposited on glass slides 20 mm in diameter, where the 

compounds could be illuminated with xenon lamp. 

For the lifetime experiments is used the same spectroscopic 

apparatus using this time a 450 W xenon lamp in its pulsed 

mode. The lifetime of Eu3+ was obtained by monitoring the 
5D0→

7F2 (612 nm) emissions upon excitations at 395 nm. For 

the lifetime of Tb3+ was obtained by monitoring the 5D4→
7F5 

(542 nm) emissions upon excitations at 370 nm.  

The emission quantum efficiency (η) was calculated from 

Equation 1, where Arad is the radiative decay rate, given by the 

sum of the spontaneous emission coefficients (AJ’s) A��� =

∑ A�
�
�	
 . The total radiative decay rate (Atotal) is given by the 

relation Atotal = τ
-1, where τ is lifetime for the radiative decay 

associated with the transition 5D0→
7F2. Finally, the non-

radiative decay rate (Anrad) is given by the difference Anrad = 

Atotal – Arad
[24]. 

 

   

� = 	

���


��� 	+ 	
����
		(��������	�) 

 

3. Results and discussion 

3.1. Synthesis and characterization 

The first step is a synthesis of IL. In a 50 ml flask equipped with 

reflux condenser and oil bath was mixed 10 mmol of 1−methyl 

imidazolium and 10 mmol of 1,3−propanosultone as available 

in Fig. S.1. The mixture was conditioned under magnetic 

stirring at 80° C for 24 hours. The solid obtained is washed 

three times with 20 mL of ethyl acetate (Vetec) to remove any 
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possible remaining starting material. The resulting product 

yielded 89% in mass. The lanthanide salts were obtained by a 

well-established procedure in the literature[25]. To obtain the 

luminescent materials we used two approaches: heating with 

stirring and gentle methodology. The latter was chosen to 

develop samples presented in this paper since it takes place at 

room temperature, lasts only a few minutes and using no 

solvent. We used the proportion of 1 mmol of LnX3.6H2O 

(where Ln = Eu, Tb or Gd, and X= NO3
- or Cl-) to 3 mmol of ionic 

liquid, and within a few minutes the mixture became 

homogeneous, the measure by which the system absorbs 

moisture. We obtained transparent and luminescent gels. 

Eu−IL emits red emissions irradiated by UV-lamp. Alike 

substitution of Eu3+ with Tb3+ results in similar gels (Tb−IL) but 

with bright green emission under UV light. The Gel with 

emission in the blue region include Gd−IL. These materials 

(presented in Fig. SI.1) are conditioned in a desiccator under 

vacuum. 

The ionic liquid development consists of imidazolium cation 

and an organic substituent with an inorganic sulphate terminal 

to make it more reactive. As reported in literature, sulfonates 

groups generally show more promise for dynamic materials 

where structural pliancy is desired[26]. This justifies the choice 

of ionic liquid structure to elaborate soft materials. To 

characterize and check the product’s purity and complexes 

formed, we performed the IR and NMR analysis to ionic liquid 

and luminescent materials. NMR spectra are contained in Fig. 

S3-7 and infrared spectroscopy (Fig. 1). The resolution of the 

structure conforms to the expected result previously 

reported[27],[28] even after obtaining the luminescent materials. 

FTIR spectrum, shown in Fig. 1, of the IL and luminescent 

materials, is characterized by the absorption bands around 

3090 cm-1 and is consistent for deformations C−H bonds in 

imidazole ring[27]. The stretch in 1460 cm-1 for CH2, 1650 cm-1 is 

attributed to C=C and/or C=N[28]. Bands in 1575 cm-1 can be 

attributed to ring stretching of the imidazolium of the IL. We 

observed the stretching symmetrical 1035 cm-1 and 1180/1300 

cm-1 asymmetric, which can be applied to stretch S=O as noted 

earlier[10]. The region between 750−1000 cm-1 is consistent to 

S−O stretch. All of these stretches are kept in luminescent 

materials, and identified as compatible shift to stretching 

S=O[28]. This suggests the lanthanide coordination with oxygen 

belonging to sulfone terminal. The little displacement to 

stretching S=O is explained due to weak coordination with the 

metal sulfonate group[26]. We still observed broadband at 3500 

cm-1 which corresponds to O−H water, and indicates an 

increase in the hydrophilic character of luminescent materials 

in relation to ionic liquid. The streching identified at 

approximately 3200 cm-1 N−H indicates the intermolecular 

hydrogen bond in the gel phase, as previously reported[29].  

 
Fig. 1 Infrared spectrum for IL, Gd−IL, Eu−IL and Tb−IL. 

Hydrophilic gels, or xerogels, are quite delicate to analysis 

because of their ability to absorb moisture from the air, 

specifically ionic liquids containing the C—N—C—C torsion 

angle of 100.05° allows the positively charged imidazolium 

head group and the negatively charged sulfonate group to 

interact with neighboring zwitterions, forming a C—H⋯O 

hydrogen-bonding network[30], this explains the pronounced 

widening of stretch bands of luminescent materials in infrared 

spectrum. 

3.1. Thermal Behavior 

Thermalgravimetric analysis is applied to investigate the 

thermal stability of the luminescent materials, shown in Fig. 

S8. To IL (black line) we observed the first event a lightweight 

moisture loss (3%) in approximately 105 °C. The second event 

shows the degradation for organic structure (80%) until 400 °C.  

To materials with lanthanides ions (Gd−IL, 7%, Tb−IL, 9%, and 

Eu−IL, 6%) we see four events. Initially, a moisture loss at 134 

°C is most significant for samples with a higher water uptake as 

shown by broadband at 3500 cm-1 in FTIR. The incorporation of 

lanthanide in IL can improve the thermal stability of the 

organic compound as observed from the TG curves. For the 

luminescent material Gd−IL, the event found at 249 °C is 

associated with degradation to methyl, followed by propane 

chain (~315 °C). Thermal degradation to imidazole ring was 

identified at 544 °C and terminal sulfonate at 650°C. For 

compounds Tb−IL, and Eu−IL, we observed degradation of 

propane chain and methyl terminal (~272 °C). The thermal 

decomposition of the imidazolium ring is identified at 600 °C 

and the sulfonate terminal is degraded at 642 °C. For all 

luminescent materials the event identifies at 320 °C and 

indicates the removal of NO3
-, as first observed[31].  

3.2. Spectroscopic properties 

The luminescence of materials ionic liquid (IL) and Gd−IL were 

investigated from excitation and emission spectra (Fig. 2). 
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Excitation spectra of IL show the presence of a band centered 

at 369 nm, which is typically associated with the transition 

π→π* of the imidazole ring[32], in our case, assigned to IL, the 

ligand used.    

The relaxation of the excited state induces the formation of 

the band centered at 450 nm in emission spectrum. The 

luminescence comparison of Gd−IL (with λEx = 350 nm and 

λEm= 428 nm) in relation to free ligand shows a displacement 

between the excitation and emission bands to shorter 

wavelengths, ΔλEm =19 nm and ΔλEx =22 nm. This suggests 

ligand modification with the coordination compound. 

 
Fig. 2 Excitation and emission spectra for IL in blue line (λex= 369 nm; λem= 450 
nm) and Gd−IL in black line (λex= 350 nm; λem= 428 nm). 

The excitation spectrum of Eu−IL was obtained by monitoring 

the wavelength of Eu3+ ion at 612 nm (black line in Fig. 3). This 

spectrum shows the lines 7F1,0→5D4–0,5L6, 
5GJ e 5H3,6, typical of 

intra-4f6 transitions to Eu3+ ions situated in the region of 310-

547 nm. The emission spectrum of Eu−IL was realized by 

excitation of 7F0→5L6 transition (λex = 395 nm), as shown in the 

red line of Fig. 4. The graphic shows the 5D0→7FJ characteristic 

transitions (J = 0, 1, 2, 3 e 4) for the trivalent europium. The 

presence of the 5D0→7F0 transition (λem= 578 nm) indicates the 

absence of inversion in the center of the surrounding 

environment Eu3+ ion. This restricts the symmetry of the metal 

center for groups similar of these C1, Cn, Cnv, Cs. The spectrum 

also shows the 5D1→7F2 transition, which suggests 

non−radiative deactivation processes are not as influential in 

this system, and may be related to low frequency phonons 

formed to structural compound[33].  

 
Fig. 3 Excitation (black line; λem = 616 nm) and emission (red line; λex = 395 nm) 
spectra for Eu−IL. 

The Eu−IL showed a great chemical stability to present exactly 

the same spectral emission even one year after the synthesis 

of the material (Fig. 4). 

 
Fig. 4 Comparision of emission spectrum for Eu-IL (λexc = 395 nm) obtained for 
over one year after synthesis. 

 

The excitation (λem= 542 nm) e emission (λex = 370 nm) 

spectrum of Tb−IL were obtained at room temperature and 

shown in Fig. 5. The excitation spectrum (black line) has lines 

in the region from 240 nm to 570 nm, which related to the 

intraconfigurational transitions f-f for the Tb3+ ion. The 

emission spectrum (green line in Fig. 4) contains the typical 

signs of 5D4→7FJ transition (J = 0, 1, 2, 3, 4, 5 e 6), where the 

transition is more intense and more meaningful for the green 

emission in the 5D4→7F6. 
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Fig. 5 Excitation (black line; λem = 542 nm) and emission (green line; λex = 370 nm) 
spectra for Tb−IL. 

3.3. Thermal behavior and reversibility of the materials 

 

The correlation of luminescence effect due to heating of the 

material can be important in the applications of ionogels. 

Therefore, the thermal stability of the luminescent materials, 

up to 250 °C, led to the development of a methodology to 

study the photophysical properties under temperature 

variation. The characterization of the photophysical effect 

under temperature variation for Gd−IL, Eu−IL and Tb−IL was 

performed by analyzing their emission spectra in the heating 

range from room temperature to 250°C, at a rate of 1°C/min. 

In Fig. S12, Gd−IL emission spectra show enlargement while 

the sample is heated. The spectra show displacement Δλem = 

17 nm, the initial state to the final state, which must be related 

to the ligand conformation change in the coordination 

compound. 

The compound Eu−IL does not show changes in the pattern of 

its excitation spectrum for heating up to 150°C. At 

temperatures above 150 °C we observed the appearance of a 

broad band in the region of 300−400 nm (Fig. S13) which 

relates to the partial degradation of the ligand and the 

appearance of new intraconfigurational transitions belonging 

to the species generated. Emission spectra did not show 

significant changes in their line pattern during heating (Fig. 

S14), but displayed a slight narrowing of the linewidth related 

to the removal of moisture from the material. The 5D1→7F2 

transition was also monitored for heating (Fig. S15), where it 

was observed that maintaining the transition with the 

temperature rise indicates that the increase of the vibrational 

frequency in the compound is not sufficient to cause 

deactivation of this transition.  

For the calculation of spectroscopic proprieties of Eu3+ we used 

the Judy−Ofelt parameters[34]-[35]. The experimental values for 

the ratio of the integrated areas of the transitions 5D0→7F2 

against 5D0→7F1 (R02/01), radiative (Arad) and non−radiative 

(Anrad) decay rates and quantum efficiency of emission (η) for 

compound Eu−IL, depending on the heating temperature, are 

shown in Table 1. 

 

Table 1 The experimental values for the ratio of the integrated areas 

of the transitions 5D0→
7F2 against 5D0→7F1 (R02/01), radiative (Arad) and 

non−radiative (Anrad) decay rates and quantum efficiency of emission 

(η) for compound Eu−IL depend on the heating temperature. 

 Arad (s
-1) Anrad (s

-1) τ (ms) η (%) R02/01 

RT 355.85 3991.98 0.233 ± 0.001 8.2 4.48 

50   °C 449.65 2928.70 0.296 ± 0.007 13.3 5.25 

100 °C 508.86 680.20 0.841 ± 0.017 42.8 5.86 

150 °C 538.33 396.25 1.070 ± 0.014 57.6 6.37 

200 °C 513.88 243.69 1.317 ± 0.028 67.8 6.61 

250 °C 607.39 212.29 1.217 ± 0.057 74.1 7.17 

 

The lifetime values for the 5D0 emitting state were determined 

by the exponential decay curve. The curve showed 

monoexponential fit for all materials (Fig. S16), indicating the 

occupation of only one symmetry site for Eu−IL, even after 

heating, which was expected for a metal complex. The 

emission quantum efficiency shows a gradual increase in the 

same step in which Eu−IL is subjected to higher temperatures. 

This phenomenon is associated with the elimination of water 

molecules present in the material, due to removal of −OH 

oscillators that promote energy deactivation of the excited 

states of Eu3+ ion by non−radiative processes. This also can be 

verified by the significant decrease in non−radiative decay rate 

(Anrad) when heating the material. Moreover, we observed that 

the chemical environment of Eu3+ has symmetry modification, 

moving toward lower symmetry, as temperatures rise in the 

compound. This is indicated by increased values of R02/01 to 

Eu−IL on higher temperatures.  

The spectroscopic behavior of the Tb−IL compound was also 

evaluated according to temperature. As occurred in the 

spectrum of compound Eu−IL, the heating of Tb−IL material 

does not cause changes in the pattern of excitation spectrum 

when temperatures are lower than or equal to 150°C, as 

shown in Fig. S17. However, for higher temperatures we 

observed the formation of a broad band in the region of 

275−400 nm. This affects the transitions arising from the new 

transitions and correlates with the disposal of the ligand in the 

material. There are no significant changes in the emission line 

pattern of the compound Tb−IL (Fig. S18). However there was 

an increase in the provision of their lifetimes as the heating 

temperature of the material rose, as viewed in Fig. S20 and 

Table 2. 

The compounds Eu−IL and Tb−IL experience significant 

reduction of their lifetime at the temperature of 250°C, as well 

as the emergence of a broad band in their excitation spectra. 

These are evidences of structural degradation, as indicated in 

the most significant event in the thermogravimetric analysis 

(Fig. S8). 
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Table 2 Lifetimes of Tb−IL a function of temperature 

Temperature τ (ms) 

RT 0.661 ± 0.017 

50 °C 0.854 ± 0.007 

100 °C 0.983 ± 0.008 

150 °C 1.255 ± 0.007 

200 °C 1.265 ± 0.015 

250 °C 0.972 ± 0.019 

 

The reversibility of Eu−IL and Tb−IL compounds was evaluated 

by the heating process at 100°C and subsequent exposure of 

the material to atmospheric moisture for 24 hours. It is 

observed that the systems had elevated their lifetimes (τ = 

0.84 and 0.98 ms for Eu−IL and Tb−IL respectively) and 

modification of the profiles of the excitation and emission 

spectra when subjected to heating. When the gels are exposed 

to moisture, their lifetimes return to the initial values (τ = 0.23 

and 0.66 ms for Eu−IL and Tb−IL respectively) indicating the 

occurrence of a hydration-dehydration mechanism, activated 

by the temperature as shown in Fig. S20−S25. This reversibility 

behavior detected in the photoluminescence favors the use of 

these compounds as moisture sensors for qualitative 

measures. 

3.4. Theoretical approach 

 

The structure of the complex was optimized via Sparkle/RM1 

(Fig. 6A). The theoretical structure of the Eu−IL compound 

presents the metallic center Eu coordinated with nine oxygen 

atoms, where four bonds are composed of two IL ligands, 

connected in the form of chelate coordination compound, and 

five coordination waters (Fig. 6B).  

The ligand coordination comes from its sulfone group, as 

predicted by analysis by FTIR. The sulfur forms a tetrahedral 

site where one of the oxygen atoms is free and assists the 

formation of the metal center symmetry. The coordination 

polyhedron is organized in a distorted symmetry capped 

square antiprism, which indicates that the arrangement is in 

point group symmetry close to C4V
[36]. This symmetry is 

consistent with the estimate obtained by the emission 

spectrum of the compound. The distances between the metal 

center and the oxygen atoms from the coordinated water 

showed values equal to 2.510, 2.509, 2,508, 2.508 and 2.510Å 

to Eu1−O61, Eu1−O64, Eu1−O55, Eu1−O58 and Eu1−O52, 

respectively. All these distances are in agreement with values 

reported in literature for hydrated complexes of lanthanides[37] 

(Fig. S26). The metal-ligand distance of O-donors from the 

ionic liquids have values equal to 2.527, 2.523, 2.520 and 

2.520Å to Eu1−O21, Eu1−O22, Eu1−O11 and Eu1−O12 

respectively. These values are slightly higher than those found 

for the oxygen atoms of the coordination water. This can be 

explained by the reduction of covalent binding character O-Eu 

and by the high electronegativity of sulfur which increases the 

ionic character of the bond S-O. However, values for Eu−O are 

in agreement with the distances identified by the 

crystallographic information structures with 

sulfonate/phosphate terminal coordinates with the lanthanide 

ion[38],[39].  

 

 
Fig. 6 Calculated geometry from ground-state using the Sparkle/RM1 model, for 
the Eu−IL system. In (A) is showed the coordination environment for Eu3+ ion and 
(B) its coordination polyhedron. 

 
Triplet energies are calculated by INDO/S (intermediate 
neglect of differential overlap/spectroscopic) methodology but 
hundreds of times faster. Moreover, the semi-empirical results 
not only reproduce the experimental values but also help 
explain the values of quantum efficiency observed for these 

complexes[40]. The other results were calculated using 
LUMPAC[22].The calculated values of intensity parameters Ω2, 
Ω4, and Ω6, radiative (Arad) and non−radiative (Anrad) decay 
rates and quantum efficiency (η) are exhibited in Table 3 and 

are in agreement with those obtained experimentally, 
evidencing the accuracy of the theoretical methodology. 

 
Table 3 Theoretical and experimental intensity parameters Ω2, Ω4, and 

Ω6, radiative (Arad) and non-radiative (Anrad) decay rates and quantum 

efficiency (η). 

 

Eu−−−−IL 

Intensity 
parameters 

(10-20 cm-1) 

 
Arad 

 (s
–1) 

 
Anrad 

(s–1) 

 
τ 

(ms) 

 
η  

(%) 

Ω2 Ω4 Ω6 

Experimental 7.13 5.67 - 355.85 3991.98 0,23 8.18 

Sparkle/RM1 7.33 5,67 0.25 349.42 3952.02 − 7.34 

 

The intramolecular energy transfer (ET) and back transfer (BT) 

for Eu−IL were calculated considering that the Eu3+ levels arise 

from the metal ion at an intermediate coupling. The energy of 

the ligand singlet state must be lower than 38.000 cm−1, and 

the triplet level of the lowest energy must be related to the 

singlet state previously chosen. The values of energy transfer 

rates are exhibited in Table 4. This evidence together 

strengthens the hypothesis that the vibronic coupling of the 

O−H oscillators from the aqua ligands and the triplet 5D1,0 

resonance acted as efficient non−radiative channels for Eu3+ 

emission, thus providing a plausible explanation for the short 
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lifetime and low experimental quantum efficiency. The high 

values of Anrad are in accordance with this fact. 

The difference between experimental and theoretical values 

may be attributed to the theoretical model that does not 

consider the role of phonon assistance in the IL→Eu3+ energy 

transfer, as previously reported[21]. Values shown, in Table 4, 

may distance  the experimental values but still show a solid 

approach when compared to other theoretical approaches 

described in literature[40],[41],[42]. The theoretical model used 

provides a sound estimate for the quantum efficiency and 

facilitates the construction of the power transfer diagram. The 

theoretical data indicate that the energy transfer occurs from 

the triplet state of the IL ligand to 5D1 and 5D0 states of Eu3+ 

ion. Furthermore, it is possible to observe that the RL values, 

i.e., the distance from the donor state (from organic ligand) in 

relation to the nucleus formed by Eu3+ ion, are somewhat 

higher for the triplet state as determined for the state singlet 

(Table 3). The triplet state of the complex Eu−IL (18469.80 cm-

1) was below the 5D1 state (18691.59 cm-1), yet the mechanism 

of energy transfer (WET1) T1→
5D1 is favored. The mechanism of 

energy back-transfer (WBT1) 5D1→T1 presents the energy 

transfer rate with an order of magnitude greater than the 

WET1, which should act in the depopulation of the 5D1 level. On 

the other hand, the mechanism of energy transfer rate (WET2) 

T1→
5D0 is favored because of resonance conditions between 

the states and the exchange mechanism. The WET2 is on the 

order of 106 s-1, which is the same magnitude non−radiative 

decay rates of 5D1→
5D0 found in coordination compounds[34], 

which implies the simultaneous occurrence of the two 

deactivations. In Fig. S27, we present every possible energy 

transfer mechanism for complex Eu−IL and a diagram of 

energy levels. 

 

Table 4 Calculated values of intramolecular energy transfer (WET) and 

back-transfer (WBT) rates optimized by Sparkle/RM1 model. 

Ligand state  

(cm-1) 

 4f state 

(cm-1) 

Transfer 

rate (s-1) 

 Back-transfer  

rate (s-1) 

Singlet (37135.20) →→→→ 5D4 (27700.83) 9.59X102 1.19X10-21 

Triplet (18469.8) →→→→ 5D1 (18691.59) 1.21x109 2.16x1010 

Triplet (18469.8) →→→→ 5D0 (17301.04) 2.17x109 7.85x106 

 

Analysis of the modified local symmetry of Eu3+ ion was 

conducted with Eu−IL compound in a liquid phase and gel 

form. It is noted that the system adopts the highest symmetry 

that the C4V when the compound is in liquid phase, as 

indicated by modification patterns of excitation and emission 

spectra (Fig. S28-S29) and the integrated area ratios 

R(02/01)(solution) = 0.84 and R(02/01)(RT) = 4.48. In increased 

hydration, the compound promotes the reduction of their 

lifetime for τ = 0.13 ms (Fig. S30), which is associated with 

increased −OH oscillators in the system. 

3.5. Ionogel in mixed system 

To develop one system of white light emission we used a 

combination of terbium, europium, and gadolinium ions in the 

same methodology applied to the development of gels. A 

mixed material was prepared: Tb25%Eu25%Gd50%−IL. 

The emission spectrum was collected at room temperature 

with excitation at (1) 350 nm, (2) 355 nm (3) 360 nm (4) 365 

nm (5) 370 nm, (6) 375 nm (7) 380 nm (8) 385 nm, (9) and 390 

nm (10) 395 nm (Fig. 7A). The obtained emission spectra could 

be translated into color coordinates on a CIE chromaticity 

diagram, which is shown in Fig. 7B. The CIE chromaticity 

diagram shows that the mixed gel exhibited a different color 

emission irradiating the material with ultraviolet tunable light. 

Point 4 of the diagram (0356, 0326) suggests that the material 

is a match in the white light training (0:33, 033). The excitation 

spectrum of Tb25%Eu25%Gd50%−IL, monitoring at 542 nm, shows 

similar behavior to that shown in Fig. 5, which shows the 

presence of a broadband and the emission lines. However, 

when the material is monitored at 616 nm, it reveals a similar 

pattern found in the spectrum of Fig. 3 with additional lines of 

terbium ion (Fig. S31). These new signs suggest the energy 

transfer between from Tb3+ to Eu3+. As previously reported in 

the literature, when the Eu3+ ion is used as an energy receptor 

from Tb3+, it is common to observe that the luminescence from 

Eu3+ is strongly sensitized to the detriment of Tb3+ emission[21]. 

 

 
Fg. 7 CIE diagram points for excitation wavelength in (1) 330 nm, (2) 335 nm (3) 
340 nm, (4) 345 nm, (5) 350 nm, (6) 355 nm, (7) 360 nm, (8) 365 nm, (9) 370 nm, 
(10) 375 nm, (11) 380 nm, (12) 385 nm, (10) 390 nm, (10) 395 nm obtained for 
Tb25%Eu25%Gd50%−IL material. 

(A) 

(B) 
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We note that mixed systems presents similar coordination 

mode (as evidenced by FTIR shown Fig. S32), and thermal 

stability (TGA Fig. S33), to above isolated systems (Eu-IL, Tb-IL, 

Gd-IL).  

The great interest in developing ionogels for use in 

luminescence solar concentrators (LSCs)[15],[16] is justified since 

these materials can offer a variety of attractive characteristics 

such as high transparency, outstanding ionic conductivity 

performance, and the ability to be easily modulated into 

coatings and monoliths[43]. Furthermore, they provide 

necessary thermal stability in the operating range of the 

photovoltaic device.  Therefore, the materials developed are 

potential luminescence solar concentrators once all 

characteristics presented are mentioned. 

 

Conclusions 

In this paper, we present an efficient methodology to obtain 

the ionic liquid: 3-methyl-1H-imidazol-3-ium-1-yl) propane-

sulfonate with high purity and a yield of 89%, beyond making 

new supramolecular ionogels based on lanthanide ions (Eu3+, 

Tb3+, and Gd3+) through heating associate to evaporation, and 

gentle methodology. We highlight the gentle method with the 

reaction occurring at room temperature lasting a few minutes 

with use no solvent. 1HNMR and FTIR experiments 

demonstrated self assembly of these gels are accompanied by 

formation intermolecular hydrogen bonds. The synthesized 

systems have excellent photophysical properties, such as life 

time a high, narrow line width and high degree of color purity.  

Here, we present an original study for photoluminescence, 

before the temperature variation, which demonstrates the 

great photophysics properties to ionogels Eu-IL and Tb-IL. 

From the theoretical approach we determined the complex 

geometry of Eu-IL, and the elucidation of energy transfer to 

photoluminescence mechanisms. 

The luminescent color of ionogels can be adjusted by changing 

the molar ratio of the photoactive units (Tb3+/Eu3+/Gd3+). 

Subsequently, the white luminescence integration can be 

presented. Features such as high termal stability (supported by 

TGA) and reversibility term (evidenced by photoluminescence), 

confirm that developed materials are potential applications in 

several areas, such as sensitizers of concentration solar cells 

(LSCs).  
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