
Optical Materials 152 (2024) 115396

Available online 29 April 2024
0925-3467/© 2024 Elsevier B.V. All rights reserved.

Research Article 

A new strategy to prepare high luminescent films containing polypropylene 
and polyamide doped with Eu3+ β-diketonate complex 
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A B S T R A C T   

A new strategy for obtaining stable luminescent polypropylene (PP) one polymer among the most consumed 
plastic materials is reported. PP is a polymer of nonpolar olefinic macrochains, preventing direct doping with 
rare earth complexes. The synthesis of the polyamide (PA) polymer doped with hydrated complex [Eu 
(tta)3(H2O)2] and its encapsulation in PP polymer produced a luminescent material stable under processing 
conditions of the plastic films as never been seen before. The preparation of the Eu3+ β-diketonate complex and 
polyamide solution produced a high luminescent material. The processed polymeric films doped in different 
concentration fo the europium complex were characterized by infrared spectroscopy (FTIR), X-ray diffractometry 
(XRD), emission spectroscopy, and thermogravimetry (TG). The emission spectra of the luminescent doped 
polymeric films exhibited the characteristic narrow bands arising from the 5D0 → 7FJ transitions (J = 0–4) of the 
Eu3+ ion. The values of the Ω2 and Ω4 experimental intensity parameters were calculated and discussed. The high 
values of the intrinsic emission quantum yields (QEu

Eu) of the PA:[Eu(tta)3(H2O)2] systems suggest that these films 
can be applied as optical markers as well as the encapsulated systems of the (PP) as PP/PA:(x%)Eu(tta)3 films (x 
= 1, 5, and 10 %). The stability was promoted via PP encapsulation resulting in a luminescent plastic film with 
high stability under processing.   

1. Introduction 

Luminescent materials doped with lanthanide ions play essential 
roles in display technology, biomolecular sensors, luminescent markers, 
optical-electronic devices, as well as phosphors [1–3]. In the last de
cades, the optical study of the Ln3+ complexes with β-diketonate ligands 
was increased owing to the intrinsic spectroscopic properties [3]. These 
luminescent rare earth compounds behave as efficient light conversion 
molecular devices (LCMDs), where the organic ligands may act as effi
cient sensitizers for the light-emitting lanthanide ions through an 
intramolecular energy transfer process [4]. Usually, Ln3+ β-diketonate 
compounds present the antenna effect to denote a high efficiency in the 
sequence of ligand (L) absorption, intramolecular energy transfer 
(L→Ln3+), and emission arising from the intraconfigurational 4f tran
sitions of the metal ions [4–6]. 

Eu3+ ion is suitable for luminescent materials due to its characteristic 
narrow emission bands, resulting in a red emission color with a mono
chromatic character. Besides, the significant advantages are the large 
energy gap between the emitting level (5D0), and the ground states 7FJ 

(J = 0 to 6) is at around 12000 cm− 1; long lifetimes of the emitter 5D0 
level (ms); and the large Stokes shift, among others [2,5,7]. 

Ln3+-complexes doped in organic polymers have several significant 
gains as photosensitivity, mechanical integrity, corrosion protection, 
transparency, and suitable adhesion properties. Furthermore, the poly
meric networks may encapsulate large amounts of emitting centers, 
isolated from each other, and protected by the organic host as well as for 
siloxane-based hybrid systems, generally, allowing a decrease of non- 
radiative processes [8–10]. 

The photoluminescence study of the Eu3+ complexes in polymeric 
matrices has been extensively developed [11–13]. These kinds of com
pounds were successfully loaded into the polystyrene nanoparticles 
enabling their bioanalytical application in the aqueous environment. 
The biodegradable polymer doped with Eu3+ complexes: poly 
(b–hydroxybutyrate):Eu(tta) (labeled as PHB:Eu(tta)) performed highly 
efficient luminescence for biodegradable optical markers [13]. More
over, polystyrene (PS) latex nanoparticles doped with Eu3+ β-diketonate 
complexes can be used for luminescent dyes in related applications such 
as single-dye labeled oligonucleotides, or conjugation for cell and tissue 
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staining [14]. 
Besides, Eu3+ β-diketonate complexes have been embedded into 

polymethylmethacrylate (PMMA) polymer films, showing higher ther
mal stability and high intrinsic emission quantum yield as compared to 
the precursor lanthanide complex [15,16]. These results showed that the 
PMMA polymer with a high molecular weight enwraps the Eu3+ com
plex, which results in a high luminescence intensity due to the effective 
intermolecular energy transfer. Therefore, the PMMA films doped with 
the Eu3+ β-diketonate complexes showed promising PL efficiency [15, 
16]. 

Otherwise from these well-known doped polymers, the Eu3+

β-diketonate complexes doped in polyolefins have the disadvantage of 
no coordination with their polymeric macrochains. The chemical feature 
of polyolefins is due to the absence of the oxygen atom (hard base) to 
bond to the Eu3+ ion (hard acid) to replace the water molecules of the 
complex. Although polypropylene (PP) is non-reactive, it is possible to 
embed with the poly-ε-caproamide (PA) polymer (Fig. 1) doped with 
Eu3+ complex. 

In this work, we report the synthesis, characterization, thermal sta
bility, and luminescent properties of polyamide, poly-ε-caproamide (PA) 
polymer films doped with the [Eu(tta)3(H2O)2] hydrated complex, (PA: 
(x%)Eu(tta)3) at percentage ratio of x = 1, 5, and 10 %, in mass. The 
optical properties of the PA:(x%)Eu(tta)3 luminescent materials and the 
tagged polypropylene (PP) polyolefin films have been discussed. Be
sides, it is observed that the mechanical processing of these composite 
materials in an extrusion process maintains their luminescent properties 
arising from the Eu3+ complex. 

2. Experimental 

2.1. Material preparation 

The Eu3+ chloride was synthesized according to the literature [14] 
by the reaction of the europium oxide (Eu2O3) with concentrated HCl 
(37 % v/v). Subsequently, the EuCl3•6H2O in aqueous solution was 
filtered, and the solvent evaporated, leading to a crystalline solid that 
was dried and stored under reduced pressure. 

The [Eu(tta)3(H2O)2] hydrated complex was prepared according to 
reference [16,17] by reacting the EuCl3•6H2O with HTTA. The molar 
ratio between the reactants was in the proportion 1:3 mols. The 
EuCl3•6H2O was dissolved in water and Htta was dissolved in alcohol. 
The alcoholic solution of Htta had a pH controlled to 6.5 with ammo
nium hydroxide solution 6 Mol. The solutions were put together and 
were heated to 60◦C for an hour until precipitate formation. The 
yellowish precipitate formed was separated from the solution by filtra
tion and was purified by washing than with water, and dried under 
reduced pressure in a vacuum desiccator (Yield: 90 %). The C, and H 
contents for controlling were determined by elemental analysis in a CHN 
2400 (PerkinElmer) analyzer. 

The polymeric films were prepared by dissolving the polyamide (PA) 
in formic acid (1 N) followed by the addition of the required amount of 

the Eu3+-complex. The polyamide (PA) polymer was doped with the [Eu 
(tta)3(H2O)2] complex in the rations of 1, 5, and 10 % (w/w). The 
polyamide (PA) polymer used in this work, was supplied in powder form 
by BASF (São Paulo-SP, Brazil) and had a molecular weight of repeat 
unit: 113.16 g mol− 1, and averaged molecular weight (Mw) of 48000 g 
mol− 1, with PA accounting for 99.9 % of the dry material. 

The PA powder (0.2 g) was dissolved in formic acid 1 N, (50 mL) 
followed by the addition of the required amount (from 1 to 10 % in 
mass) of the Eu3+− complex in acetone solution. The mixed solution was 
heated at 40 ◦C for 30 min and then casted onto a Petri dish. The 
polymer film was obtained after the total evaporation of the solvent at 
60 ◦C. 

To obtain the luminescent PP pellets, the PP polymer, isotactic 
polypropylene (PP) pellets supplied by Braskem, with a Melt Flow Index 
of 3.5 dg mol− 1, density of 0.905 g cm− 3, and Mw = 300,000 g mol− 1 was 
processed by extrusion. The material extruded of the doping PA:Eu(tta)3 
in PP follows the procedure: 300 g of PP were mixed in a beaker with 3 g 
(10%w/w) of the PA:x% Eu(tta)3, (x:1, 5, 10 %) each one previous and 
manually sectioned. The mixtures were extruded in a Haake Polylab OS 
extruder. This extruder having double screw and heating temperature 
zones of 190, 195, 198, 200, 205 and 210 ◦C operated with a screw 
rotation speed of 100 rpm. 

2.2. Characterization 

The elemental analyses were performed in PerkinElmer CHN 2400 
instruments. X-ray diffraction patterns were registered on an X-ray 
diffractometer with a source of CuKα1 radiation (λ = 1.54056 Å) 
generated at 30 kV and 20 mA. The angle (2θ) range was from 5 to 80◦

with a pitch of 0.05◦, and an acquisition time of 1s in the Rigaku Mine 
Flex II apparatus. The identification of the crystalline phase was ob
tained with the aid of the software program PDXL Software. Thermog
ravimetric analyses (TG) were achieved with a TG/SDTA 822 
thermobalance (Mettler-Toledo), using alumina crucibles containing 
around 10 mg of the sample, under dynamic N2(g) or O2(g) oxygen at
mospheres (50 mL⋅min− 1) at a heating rate of 10◦C⋅min¡1. Infrared 
absorption spectra of the samples were recorded using KBr pellets with a 
Bomem MB102 FTIR spectrometer in the range from 400 to 4000 cm− 1 

with a spectral resolution of 4.0 cm− 1. 
Excitation and emission spectra were obtained at room temperature, 

298 K, in a SPEX-Fluorolog-3 (Horiba FL3-22iHR320) spectrofluorim
eter with double grating between 0.5 and 2.0 mm monochromator 
(SPEX1680), and the excitation source was a 450 W Xenon lamp. Exci
tation spectra were obtained in the range from 250 to 500 nm, and 
emission spectra from 550 to 720 nm. Emission decay curves were ob
tained using a pulsed Xenon lamp of 150 W up to 11 ms. The emission 
and excitation slits were used with opening between 0.3 and 1 nm. All 
spectral data were collected at an angle of 22.5◦ (front face). The 
emission spectra were obtained by monitoring excitation at λex. = 350 
nm, corresponding to the absorption of the S→S0 transition of the 
organic part. All measurements of spectrophotometry were obtained in 
the equipment belonging to the Multiuser Laboratory of Advanced Op
tical Spectroscopy - LMEOA, of the Chemistry Institute of UNICAMP - 
Campinas, São Paulo. 

3. Results and discussion 

The founded and calculated elemental analysis data (%) of the Eu 
complex showed good agreement between each other, i.e., 
EuO8C24H16F9S3: found. calc.: C = 33.85 %; H = 1.89 % and found C =
33.91 %; H = 1.93 % that refers the formula of [Eu(tta)3(H2O)2]. This 
result suggests the formation of a hydrated complex [Eu(tta)3(H2O)2]. 

The TG curve of the [Eu(tta)3(H2O)2] complex shows one first event 
in temperature interval from 30 to 120 ◦C attributed to the mass loss of 
the two water molecules in the first coordination sphere. In addition, the 
second thermal decomposition event from 120 to 360 ◦C was assigned to 

Fig. 1. Molecular structures of polypropylene (PP) and poly-ε -caproamide 
(PA) polymers. 
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tta ligands degradation (Fig. 2a). The PA:(10 %)Eu(tta) film showed one 
event at 275–310 ◦C attributed to the excess of the complex dispersed on 
the polymer PA (Fig. 2b). Otherwise, the TG curves of the polyamide 
(PA), polypropylene (PP) polymers as well as PA:(x%)Eu(tta)3 and PP/ 
PA:(x%)Eu(tta)3 doped samples (x = 1 and 5 %) show the similar 
thermal decomposition profiles within only one event, starting at a 
temperature at around 412 ◦C, (Fig. 2c–e and Figs. S1 and S2). 

The decomposition onset temperature (Tonset) value of the [Eu 
(tta)3(H2O)2] complex in PA:(10 %)Eu(tta)3 doped polymeric film in
crease from 219 to 279 ◦C, indicating the higher thermal stability of the 
complex in the polymer matrix (Table 1). Besides, it is also observed that 
increasing the concentration of Eu3+ complex in the polymer matrix, the 
values of Tonset slightly decrease for the doped materials (Table 1). This 
thermal behavior is quite similar to the thermal decomposition in the 
PHB:Eu(tta) system reported in Ref. [18]. In general, the encapsulation 
indicates that the luminescent Eu3+-complex becomes more thermally 
stable due to the protection originating from both doped PA and PP/PA 
polymeric systems. 

Also, TG curves of doped polymeric systems, recorded in the tem
perature interval from 25 to 200 ◦C, show the absence of loss mass 
(Fig. 2b–d, and Figs. S1c and d), which confirms that water molecules of 
the hydrated precursor complex are exchanged by the oxygen of PA 
polymer, after the doping reaction process. These data are consistent 
with the literature work [19] that reported the [Eu(tta)3(H2O)2] com
plex doped into epoxy resin polymer. 

The calorimetric data of all samples calculated from differential 
scanning calorimetry (DSC) curves of undoped and doped PA polymers 
(Table 1) present one slight decrease at ~6 ◦C, (Tmelt ~ 216–220 ◦C) of 
pure PA polymer and PA:(x%)Eu(tta)3 doped films. However, the Tmelt 
values of the extruded PP/PA:(x%)Eu(tta)3 system (~182 ◦C) do not 
change with the doping, suggesting that the melting temperature of the 
PP polymer system is more favorable for the extrusion process condi
tions than that of doped PA polymer, which is more economically viable. 
Moreover, concerning the results of loss mass in TG data of the PA:5 % 
Eu(tta)3 and PA:10 % Eu(tta)3 materials (Fig. 2 and Fig. S1 e S2), a new 
event was observed at ~250 ◦C, owing to organic ligand loss mass. It can 
corroborate that there was a saturation of the complex in PA at those 
concentrations in which the remaining complex is lost by thermal 
decomposition at 250 ◦C. 

FTIR spectral data of the [Eu(tta)3(H2O)2] complex, PA polymer, and 
PA:(x%)Eu(tta)3 doped films are shown in (Fig. 3 and Table S1). The 
complex shows bands assigned to the νs and νas OH at 3590–3100 cm− 1 

and H–O–H bending at 1602–1546 cm− 1 from coordinated water mol
ecules. Furthermore, characteristics absorption peaks at 1139 and 930 

cm− 1, attributed to νas(CF3) and ν(C––C + C––O) of the tta group, 
respectively, and also in 1411 cm− 1 (ν C–O diketone), 1189 cm− 1 (ν C–F 
tta ligand), and 782 cm− 1 (ν C–S tta ligand) as expected. The displace
ment of the C––O stretching from 1680 cm− 1 in the free ligand (tta) to 
1605 cm− 1 provides evidence that the metal ion is coordinated through 
the oxygen atom [13]. 

Fig. 2. TG curves of the materials: a) [Eu(tta)3(H2O)2] complex (black line), b) 
PA:(10 %)Eu(tta)3 (blue line), c) PA polymer (red line), d) PP/PA:(10 %)Eu 
(tta)3 (green line)and e) PP polymer (violet line). 

Table 1 
The Tonset values of the PA:(x%)Eu(tta)3 films and doped extruded PP/PA:(x%) 
Eu(tta)3 PP polymer [Eu(tta)3(H2O)2] precursor complex, in the extruded form 
PP/PA:5 % Eu(tta)3 doped with 1, 5 and 10 % of complex [Eu (tta)3(H2O)2]. DSC 
is the melting temperature (◦C) and Integral (mJ) of the processed PP/PA:x% Eu 
(tta)3 films doped with 1, 5, and 10 % of [Eu(tta)3(H2O)2] complex.  

Sample Tonset TG (◦C) Tmelt DSC (◦C)  

tta sample sample 

[Eu(tta)3(H2O)2]* 229.0 – – 
PA – 412.2 216.0 
PA:(1 %)Eu(tta)3 – 418.9 221.0 
PA:(5 %)Eu(tta)3 – 410.7 220.1 
PA:(10 %)Eu(tta)3 279.0 406.8 221.3 
PP – 435.9 183.4 
PP/PA:(1 %)Eu(tta)3 – 399.3 182.2 
PP/PA:(5 %)Eu(tta)3 – 430.6 181.8 
PP/PA:(10 %)Eu(tta)3 – 429.0 184.1 
*coordinated waters 120.0 ◦C    

Fig. 3. FTIR absorption spectra of the: a) [Eu(tta)3.(H2O)2], b) PA polymer, c) 
PA:(1 %)Eu(tta)3, d) PA:(5 %)Eu(tta)3 and e) PA:(10 %)Eu(tta)3 in the range of 
4000–400 cm− 1. 

D.F. Parra et al.                                                                                                                                                                                                                                 



Optical Materials 152 (2024) 115396

4

On the other hand, PA polymer spectra (Fig. 3 and Table S1) show 
the characteristic vibrations of the δN-H angular deformation and νCN 
stretch of amide in 1540, 1633, and 3290 cm− 1 [20–22]. The bands in 
the region of 2859 and 2931 cm− 1 are due to the stretching of –CH2, 
–CH3, and NH groups. A band at 1512 cm − 1 is due to the N–H bending 
vibration of ‘‘free’’ N–H groups and the bands in the region of 1200–900 
cm − 1 can be attributed to bending of the groups N–H, C–C–O–NH, and 
C––O of polyamide. For PA polymer doped Eu3+ complex, the stretching 
and deformation bands of the secondary amines, known as amide 
stretching I and II, are observed in 1641 cm− 1 attributed to νC=O 
bonded and 1545 cm− 1 attributed to δN-H bonded. The absorption peaks 
related to the H2O vibrational modes of the [Eu(tta)3(H2O)2] are absent 
in the PA:(x%)Eu(tta) system. It is observed absorption band displace
ments of the non-doped PA doped polymers for the i) νC=O band from 
1633 cm − 1 to 1641 cm− 1 and ii) the stretching δN-H from 1540 cm− 1 to 
1545 cm− 1. The absence of the N–H bending vibration of “free” N–H 
groups band in 1512 cm− 1 in the doped material indicates the coordi
nation between the PA – complex occurs replacing the coordination 
water molecules. It is worth noting that absorption bands assigned to the 
νs and νas OH in the range of 3590–3100 cm− 1 and of δH-O-H bending at 
1602–1546 cm− 1 from coordinated water molecules in the complex are 
not present in the doped polymer (Fig. 3). 

The X-ray diffraction patterns of undoped PA polymer at 20.2 and 
23.7◦ are assigned to (200) and (202) planes of α-form crystals, 

respectively (Fig. 4). Also, the doped PA system with 1, 5, and 10 % of 
the Eu3+ complex shows the additional diffraction peaks at 16.8, 29.7, 
and 34◦ assigned to the Eu3+-complex in the polymer system. The 
diffraction peaks (labeled as 1, 2, and 3) in PA:(x%)Eu(tta)3 system 
(mainly at 10 %) also confirm the doping of the [Eu(tta)3⋅(H2O)2] in the 
PA matrix and the increase of crystallinity in this system when the PA is 
doped with (Fig. 4), [23–25]. 

The undoped PP and doped PP/PA:(x%)Eu(tta)3 systems present 
(Fig. S3, Table S2) five distinct diffraction peaks at 2θ around 13.9, 16.7, 
18.3, 21.0, and 21.7◦ corresponding to the (110), (040), (130), (131) 
and (041) planes, respectively. These structural data are ascribed to the 
monoclinic α-crystalline phase of PP polymer from the crystallography 
point of view. Moreover, XRD patterns of the extruded PP/PA:(x%)Eu 
(tta)3 samples (x = 1, 5, and 10 %) present only the diffraction peaks 
attributed to the phases concerning polypropylene considering the high 
concentration of PP polymer in the blends (Fig. S3). 

3.1. Photoluminescent investigation 

The luminescent doped polymer materials PA:(x%)Eu(tta) and PP/ 
PA:(x%)Eu(tta)3 exhibit highly intense red emission color under exci
tation with a UV light lamp (Fig. 5). As it can be seen, a high red emission 
intensity for the [Eu(tta)3(H2O)2] complex in powder form (a1, a2), PA: 
(5 %)Eu(tta)3 film (Fig. 5b1,b2) and PA:(5 %)Eu(tta)3 extruded forms 
(Fig. 5c1, c2). The indexes 1 refers to the samples under white light and 2 
refers to samples under UV irradiation (at 360 nm). 

The excitation spectra of the PA:(x%)Eu(tta)3 and PP/PA:(x%)Eu 
(tta)3 doped polymer films (x = 1, 5, and 10 %) were recorded at 298 K 
with emission monitored at 616 nm of the 5D0 → 7F2 transition of Eu3+

ion, in the spectral range of 250–500 nm (Fig. 6). The high-intensity 
broad excitation bands centered at 350 nm are assigned to the allowed 
S1–S0 electronic transition originating from the tta ligand that overlaps 
with those from the PA and PP polymers. The excitation bands of the 
polymeric systems present similar spectral profiles, showing an increase 
in excitation intensities with an increase in the doping concentrations 
for both PA and PP/PA polymer systems. It is noteworthy that the main 
narrow excitation peak of the europium complex originated from the 7F0 
→ 5D2 (464 nm) transition is not observed in the doped polymeric sys
tem (Fig. 6a and b). This result suggests that the intramolecular energy 
transfer is from organic moiety to Eu3+ ion [1–17,26]. On the other 
hand, Kumar et al. [27–29] reported the energy transfer process 

Fig. 4. The X-ray diffraction patterns of polymeric samples: undoped PA and 
doped PA:(x%)Eu(tta)3 polymer films (x = 1, 5 and 10 %), and [Eu 
(tta)3(H2O)2] complex. 

Fig. 5. Illustration of the luminescent materials, precursor Eu3+ complex (a1 
and a2), PA:(5 %)Eu(tta)3 films (b1 and b2) and PP:PA:(5 %)Eu(tta)3 extruded 
form (c1 and c2). Indexes 1 and 2 refer to exposure to white light and under 350 
nm irradiation, respectively. The photographs of the samples were taken with a 
digital camera. 
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between metal-metal ions. 
The emission spectra of PA:(x%)Eu(tta)3 and PA/PP:(x%)Eu(tta)3 

doped polymer systems (x = 1, 5, and 10 %) were recorded in the 
spectral range of 550–720 nm at 298 K, under excitation at 350 nm 
(Fig. 6c and d) show emission bands assigned to 5D0 → 7F0-4 transitions 
of Eu3+ ion when compared to the [Eu(tta)3(H2O)2] precursor complex 
(Fig. 6c). The highest emission intensity peaks are assigned to the hy
persensitive 5D0→7F2 transition at 616 nm, suggesting that the europium 
ion occupies non-centrosymmetric sites for all doped polymer systems. 
The broad emission bands are due to the effect of the distribution of the 
multisites occupied by the Eu3+ ion in the polymeric system, producing 
an inhomogeneous line broadening in their emission bands [13,15,26, 
30–35]. 

It is worth noting that a broad phosphorescence band attributed to 

the T1→S0 transition [36–39] of the tta ligand is absent in Fig. 6c and d. 
This optical feature indicates an efficient intramolecular energy transfer 
from the T1 states of the tta ligand to the excited 5D1 and 5D0 levels of the 
Eu3+ ion. 

When PP is doped with the PA:(x%)Eu(tta)3 system (x = 1, 5, and 10 
%), the resultant emission spectra showed the homogeneous dilution of 
the luminescent films in the polypropylene polymer (Fig. 6c and d). As a 
result, the dilution does not change the structure of PA:Eu(tta) once the 
spectra exhibited by PP/PAEu(tta) present the same emission profiles 
from the 5D0 → 7F0-4 transitions. Accordingly, as PP polymer is a poly
olefin with a saturated macrochain, the [Eu(tta)3(H2O)2] complex re
mains protected by the PA polymer acting as an optical marker and does 
not interact with PP polymer. 

The luminescence decay curves of doped polymer films were 

Fig. 6. Excitation spectra of the solid-state of the Eu(tta)3⋅(H2O)2 (blue line in (a)) and the doped PA and PP/PA polymer films: a) PA:(x%)Eu(tta)3, and b) PP/PA:(x 
%)Eu(tta)3 at 1, 5, and 10 % concentrations. All spectra were recorded by monitoring the emission at the 5D0 → 7F2 transition (λem. = 616 nm) of the Eu3+ ion. 
Emission spectra of the doped polymer films: a) PA:(x%)Eu(tta)3, and [Eu(tta)3(H2O)2] (black line) and d) PP/PA:(x%)Eu(tta)3 at 1, 5, and 10 %. All emission spectra 
were recorded under excitation at 350 nm. 
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obtained with emission monitored at hypersensitive 5D0→7F2 transition. 
The decay curves were adjusted with a first-order exponential decay 
function and the lifetime of the 5D0 emitting level obtained from the 
decay curve of the doped blends and films are shown in Fig. S4 and 
Table 2. For the doped polymeric systems, it was observed a significant 
increase in lifetime compared to the precursor complex, suggesting the 
substitution of the water molecules in the Eu3+ complex for the poly
meric groups. 

Based on the emission spectra of the Eu3+ doped polymeric samples 
(Fig. 6c and d) were determined the experimental intensity parameters 
Ω2 and Ω4 by using the 5D0→7F2 and 5D0→7F4 transitions. Besides, the 
5D0→7F1 magnetic dipole-allowed transition is used as the reference. 
Therefore, the Ω2 and Ω4 parameters can be calculated according to 
Equation (1) [4,37,38]: 

Ωλ =
3ℏc3A0→λ

4e2ω3χ〈7Fλ
⃦
⃦U(λ)

⃦
⃦5D0〉2 (1)  

where ħ is Planck’s constant divided by 2π, c is the speed of light and ω is 
the angular frequency of the transition. χ = n(n2 + 2)2

/9 is the Lorentz 
local field correction and n is the linear refractive index of the medium 
(n = 1.5 for this complex). The quantities 〈7Fλ

⃦
⃦U(λ)

⃦
⃦5D0〉2 are the square 

reduced matrix elements, whose values are equal to 0.0032 and 0.0023 
for λ = 2 and 4, respectively [ 38–43]. The A0→J are spontaneous 
emission coefficients assigned to the 5D0→7FJ transitions of the Eu3+ ion. 
The 5D0→7F1 transition is governed practically by the magnetic dipole 
mechanism; therefore its spontaneous emission coefficient (A0→1) is 
mainly insensitive to the ligand field and it is taken as an internal 
standard. The spontaneous emission coefficients (A0→J) for the Eu3+

doped polymeric samples can be calculated by equation (2). 

A0→J =

(
S0→J

S0→1

)

A0→1 (2)  

where S0→J and S0→1 are areas under emission curves from the 5D0→7FJ 
(J = 2, 4, and 6) and 5D0→7F1 transitions, respectively, and they are 
proportional to the number of the emitted photons [4,37]. The 5D0→7F6 
transition is usually not observed experimentally. Therefore, this tran
sition is not considered in this work. 

It is possible to calculate the total spontaneous emission for the 
emitting 5D0 level. The radiative (Arad) and non-radiative (Anrad) decay 
processes and lifetime (τ) are correlated through equation (3) [4,37,40]: 

Atot =
1
τ = Arad + Anrad (3)  

where Arad can be obtained by summing the radiative rates A0→J for each 
5D0→7FJ transition by the expression Arad =

∑
A0→J. The intrinsic 

emission quantum yield (QEu
Eu) of the 5D0 emitting level of the Eu3+ ion is 

given by equation (4). 

QEu
Eu =

Arad

Arad + Anrad
(4) 

The experimental intensity parameters Ω2 and Ω4 are very sensitive 
to the chemical environment around the Eu3+ ion and consider the 

simultaneous contributions from Forced Electric Dipole (FED) and Dy
namic Coupling (DC) mechanisms. The Ω2 intensity parameter is more 
influenced by small angular changes in the first coordination sphere. 
Therefore, the Ω2 value is equal to zero when the europium ion is located 
in the center of symmetry, leading to the vanish of the emission band 
assigned to the 5D0→7F2 transition for centrosymmetric systems. A point 
to be observed in Table 2 is that the polymeric systems present a lower 
value of the intensity parameter Ω2 compared to the [Eu(tta)3(H2O)2] 
suggesting an angular distortion lower than the complex. In addition, 
when we compare the Ω2 values between the PA:(x%)Eu(tta)3 and PA/ 
PP:(x%)Eu(tta)3 polymer systems (x = 1, 5 and 10 %) it is observed that 
Ω2 decreases with the inclusion of PP polymer, demonstrating a low 
distortion in the first coordination sphere due to a small hypersensitive 
character of 5D0→7F2 transition, also indicating the noncentrosymmetric 
character. 

The Ω4 intensity parameter is more sensitive to lanthanide-ligating 
atom bond distances, therefore, giving information on the covalence. 
Table 2 shows that the Ω4 values of the PA:(x%)Eu(tta)3 are higher than 
for the Eu3+-complex, suggesting the covalence of ligand-metal ion is 
more relevant for this doped film. Besides, the PP/PA:(x%)Eu(tta)3 
doped polymeric materials have the lowest Ω4 values compared to the 
Eu-complex and PA:(x%)Eu(tta)3, which indicate that the covalence of 
the metal ion–organic bonding is less relevant for this system (Table 2). 

When taking into consideration the intrinsic emission quantum yield 
values of the PA:(x%)Eu(tta)3 doped polymeric films (QEu

Eu ∼ 53 %) are 
higher than that of the europium complex (29 %) reported in Table 2. In 
addition, PA:(1 %)Eu(tta)3 doped polymeric films have higher emission 
quantum yields (56 %) than those for poly(methyl methacrylate) 
PMMA:(1 %)Eu(tta)3 materials (QEu

Eu ≅ 45 %) reported by Kai et al. [13, 
15,33]. Therefore, these photoluminescent data indicate that the PP 
polymeric matrix also acts as an efficient sensitizer in the energy transfer 
from the organic moiety to the Eu3+ ion. Besides, the optical results 
show that a saturation effect occurred at 1 % of the europium complex 
mass concentration of PA:Eu(tta)3 system (36 %). On the other hand, 
The QEu

Eu values of the extruded PP/PA:(x%)Eu(tta)3 doped system are 
lower 23 % (x = 5) and 24 %, (x = 10) related to that [Eu(tta)3(H2O)2] 
complex (QLn

Ln = 29 %), suggesting a quite similar luminescent behavior. 
The CIE chromaticity diagram (Commission Internationale de 

l’Éclairage) was used to show the gradual spectral shifting of the PA and 
PP/PA doped luminescent polymeric materials in comparison to the 
precursor Eu3+ complex [39–44]. The coordinates (x,y) are calculated 
considering the emission spectra profiles and relative intensities of each 
luminescent material (Fig. 7 Table S3). 

The CIE color coordinates (x, y), color rendering index CRI(Ra), and 
correlated color temperature (CCT) values were calculated for the PA:(x 
%)[Eu(tta) and PP/PA:Eu(tta)x% polymer films and are given in 
Table S3. CCT values signify the emergence of light as cool or warm. 
Usually, it is well-known that light with CCT <3200 K emits warm light 
while those with CCT >4000 K are given cool white light [44]. In this 
work, it was observed CCT values for the doped polymer samples lower 
than 3200 K, which indicated warm light. It was noticed that the (x,y) 
values are positioned in the reddish region equivalent to 5D0→7F2 (617 
nm) electronic transition, suggesting that these luminescent polymeric 

Table 2 
Experimental values of intensity parameters (Ω2, Ω 4), determined from the 5D0→7F2 and 5D0→7F4 transitions based on the emission spectra (298 K) of the Eu3+

complexes and doped polymeric materials PA:[Eu(tta)3(H2O)2]x% and PP/PA:[Eu(tta)3(H2O)2]x% (where x = 1, 5 and 10) and Arad, Anrad, Atot, QLn
Ln and τ.  

Sample Ω2 (10− 20cm2) Ω4 (10− 20cm2) Arad (s− 1) Anrad (s− 1) τ (ms) Atot (s− 1) QLn
Ln (%) 

[Eu(tta)3(H2O)2] 33.0 4.6 923 2923 0.26 3846 29 
PA:(1 %)Eu(tta)3 26.1 6.2 921 718 0.61 1639 56 
PA:(5 %)Eu(tta)3 23.6 6.8 856 927 0.56 1785 48 
PA:(10 %)Eu(tta)3 26.4 6.5 937 730 0.60 1667 56 
PP/PA:(1 %)Eu(tta)3 20.8 3.7 731 1315 0.49 2046 36 
PP/PA:(5 %)Eu(tta)3 14.9 1.8 523 1628 0.46 2151 24 
PP/PA:(10 %)Eu(tta)3 15.5 1.9 543 1727 0.44 2270 23  
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materials are relevant for promoting reddish lighting devices. The color 
rendering index (CRI) indicates the extent of a light source’s color 
rendering properties. CRI indicates how well the light source reproduces 
colors. 

4. Conclusion 

PA:(x%)Eu(tta)3 doped polymeric films and PP/PA:(x%)Eu(tta)3 
extruded form samples (x = 1, 5 and 10 %) were successfully produced. 
TG data of all doped systems indicated that the precursor Eu3+-complex 
was immobilized in the PA polymeric matrix via Eu–O interaction. The 
DSC data of the extruded samples indicate that the PP/PA:(x%)Eu(tta)3 
system is more favorable for the extrusion process conditions and a more 
economic advantages. The polymer matrix brought higher thermal sta
bility to the Eu3+ complex. The PA tag when tested for polypropylene 
(PP), one polyolefin without heteroatoms to allow good luminescent 
material resulted in perfect dispersion. 

The emission spectral data show that the PP extruded with the PA:(x 
%)Eu(tta)3 tag conserves the luminescence features and presents high 
emission quantum yield values and all these polymeric materials exhibit 
a high red emission intensity. The QEu

Eu values of the PA:(x%)Eu(tta)3 
doped polymeric films are higher than that from the Eu3+ complex 
making them suitable for utilization as light-converting molecular de
vices. In addition, photoluminescent data indicate that the PP polymeric 
matrix also acts as an efficient sensitizer in the energy transfer from the 
organic moiety to the Eu3+ ion of the PA-tagged. This optical property 
was promoted by PP encapsulation and contributes to the high lumi
nescent stability of the film under processing. 
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