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Abstract —   

In this work, five phenanthroline derivatives substituted with 

different methyl groups have been selected to synthesize 

βdiketonate-based europium complexes to check the influence of 

the substitutions on the degradation effect of those complexes in 

poly(methyl methacrylate) (PMMA) films. The photophysical 

properties of Eu(III) complexes, including absorbance, excitation, 

and emission have been carefully investigated in solution, solid-

state, and doped in PMMA film. In all these states, the complexes 

exhibit an impressive red emission at 614 nm with a high 

photoluminescence quantum yield of up to 85%. The films have 

been exposed under outdoor, indoor, and dark storage stability 

lifetime conditions for 1200 hours. The photoluminescence 

measurements recorded every 400, 800, and 1200 hours 

demonstrated that the film containing europium complex with 

phenanthroline ligand substituted by a high number of methyl 

groups (Eu(TTA)3L5) showed good photoluminescent stability in 

indoor and dark conditions, and exhibited better resistance to 

degradation in outdoor conditions compared to other complexes. 

This study has proved that phenanthroline ligands could be 

tuned chemically leading to better stability of those types of 

complexes in films which can be end-used for future stable 

optoelectronic devices such as luminescent solar concentrators. 

I. INTRODUCTION 

Lanthanide (Ln) luminescent complexes have gained 

significant attention due to their applications in devices such 

as luminescent solar concentrators LSCs, sensors, OLEDs, 

lasers, and displays. These complexes are valued for their 

narrow emission peaks, large Stokes shifts, and long lifetimes. 

However, direct excitation of trivalent lanthanide ions is 

challenging due to low absorption coefficients. To enhance 

emission, organic chromophores with high absorption (e.g., β-

diketonates) are used as sensitizers to improve energy transfer 

through the "antenna effect," protecting against non-radiative 

losses. Coordinatively saturated β-diketonate lanthanide 

complexes, especially europium-based ones, have been widely 

studied for their intense luminescence, with applications in 

display devices and luminescent solar concentrators. [1-4] 

This study investigates the long-term photostability of 

europium β-diketonate complexes, focusing on those with 2-

Thenoyltrifluoroacetone (TTA) as the primary ligand and 

phenanthroline derivatives as auxiliary ligands. By modifying 

phenanthroline with methyl groups, the research examines the 

photoluminescence stability of PMMA-doped films containing 

these complexes. The study aims to evaluate these films under 

varying conditions, including darkness, indoor and outdoor 

environments, humidity, and direct light exposure, to 

determine their suitability for stable, long-lasting 

optoelectronic applications. 

 

   

II. RESULTS AND DISCUSSIONS  

The Eu(TTA)₃L₁₋₅ complexes were synthesized using three 

equivalents of 2-Thenoyltrifluoroacetone (TTA) and one 

equivalent of a phenanthroline derivative ligand (L1-5), with 

europium (III) chloride hexahydrate. The synthesis involved 

first mixing TTA with potassium tert-butoxide in water under 

nitrogen, then adding europium chloride, followed by the 

phenanthroline ligand in ethanol to form the β-diketonate 

europium complexes Eu(TTA)₃L₁₋₅ (Scheme 1). [5] In these 

complexes, the europium ion is coordinated with six oxygen 

atoms from TTA and two nitrogen atoms from phenanthroline. 

Literature confirms the structures, with further validation 

through single-crystal XRD in this work. When embedded in 

polymethylmethacrylate (PMMA), these complexes form a 

transparent film that exhibits intense red emission under UV 

light. The UV light is absorbed by the europium complex, 

which re-emits as red visible light that is diffused and 
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concentrated along the film's edges via total internal 

reflection. 

The Mercury projections of europium complex Eu(TTA)₃L3 

₃ reveal an eight-coordinate geometry with six Eu-O bonds 

from the TTA ligands and two Eu-N bonds from 

phenanthroline ligands (Figure 1). In Eu(TTA)₃L₂, the Eu-O 

and Eu-N bond lengths average 2.36 Å and 2.59 Å, with N-

Eu-N and O-Eu-O bite angles around 62.67° and 72.15°, 

respectively. These values are similar in Eu(TTA)₃L₃. 

Additionally, π-π stacking interactions occur between adjacent 

phenanthroline ligands, causing slight ligand distortion. [6] 

 

Fig. 1. Mercury projection of [Eu(TTA)3L3] complexes. Hydrogen 
atoms are deleted for clarity 

 

The FTIR spectra of europium complexes (Eu(TTA)₃L₁₋₅) 

are similar, so Eu(TTA)₃L₅ is used to explain the key 

absorption bands. Notable peaks include bands at 2950 and 

2850 cm⁻¹ for aliphatic C-H stretching, and strong peaks at 

1630 and 1535 cm⁻¹ for C=O and C=C stretching, 

respectively. The peak at 1415 cm⁻¹ corresponds to the C=N 

stretching vibration of the ligand coordinated to the Eu ion. 

Peaks at 1308 and 1190 cm⁻¹ indicate the presence of C-F and 

C-CF₃ groups in the TTA ligand. New bands around 577 and 

460 cm⁻¹ confirm Eu-N and Eu-O bonds, supporting ligand 

coordination with the Eu ion. [7] Additionally, peaks at 785 

and 860 cm⁻¹ are associated with aromatic rings, and a broad 

band around 3400-3550 cm⁻¹ indicates -OH groups from water 

or ethanol used in sample preparation. 

 
Fig. 2. FTIR spectra of the complexes Eu(TTA)3 L1-5  

 

The UV/Vis absorption spectra of the europium complexes 

Eu(TTA)₃L₁₋₅ in DCM solution show absorption between 250-

400 nm, with peaks at 279 and 348 nm due to π → π* 

transitions. In excitation and emission spectra for the 

complexes in solution, solid state, and PMMA matrix, 

excitation occurs from 250 nm up to 480 nm, depending on 

the phase, and is attributed to π-π* transitions of TTA and 

phenanthroline ligands. A shift in excitation wavelength in the 

solid state suggests complex aggregation. Upon excitation, 

energy transfers to the Eu(III) ion’s 5D₀ state, producing red 

emission primarily at 613 nm (5D₀ → 7F₂ transition), which is 

intense due to effective energy transfer from ligand to Eu³⁺. 

Other emissions occur at weaker intensities due to magnetic 

Scheme I 

SYNTHESIS OF Β-DIKETONATE EUROPIUM COMPLEXES AND STRONG VISIBLE RED EMISSION OF EU-DOPED FILMS IN PMMA UNDER 

UV LIGHT. 
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transitions. The complexes exhibit a large Stokes shift (~200 

nm) with no overlap between excitation and emission, 

indicating zero self-absorption loss. [8-14]  

a) 

 

 

 

 

 

 

 

 

 

b) 

 

 

 

 

 

 

 

 

 

 

 

 

c) 

 

 

 

 

 

 

 

 

 

 

 

d) 

 

 

 

 

 

 
 
 
 
 
 
 

Fig. 4. a) UV-Vis absorption of Eu(TTA)3L1-5 complexes in DCM; 
Excitation and emission spectra of the complexes b) in DCM 
solution, c) In PMMA matrix and d) in solid-state. 

 

The photoluminescence quantum efficiency (PLQY) of five 

Eu(TTA)₃L₁₋₅ complexes was measured in solution, powder, 

and PMMA matrix, showing high PLQY values across media. 

In DCM solution, PLQY ranges from 52-55%; in solid state, 

from 32-72%; and in PMMA matrix, from 70-85%. This 

efficiency is attributed to TTA and phenanthroline ligands that 

enhance Eu ion sensitization. The PMMA matrix provided the 

highest PLQY due to its rigid structure, reducing 

intermolecular collisions and vibrational quenching from 

energy-level oscillators (e.g., C-H, C-C, C-N bonds), 

ultimately protecting against photodegradation and improving 

luminescence. [9] 
Table1. Photoluminescence properties of the complexes in solution, 
matrix and solid-state at 298 K. 

 
 CH2Cl2  

conc. 4.7 × 10–4 mol 

L–1 

Powder PMMA (5% wt) 

  λex 

(nm) 

λem 

(nm) 

Φem 

(%) 

λex 

(nm) 

λem 

(nm) 

Φem 

(%) 

λex 

(nm) 

λem 

(nm) 

Φem 

(%) 

Eu 

(TTA)3 

L1   

371 614 53.68 369 614 72.07 381 614 70.99 

Eu 

(TTA)3 

L2   

368 614 54.28 382 615 52.64 371 614 70.64 

Eu 

(TTA)3 

L3   

369 614 52.10 374 614 32.14 370 614 74.56 

Eu 

(TTA)3 

L4  

369 614 53.66 370 614 55.63 373 614 79.24 

Eu 

(TTA)3 

L5 

369 614 55.56 370 614 62.45 374 614 85.47 

 

 

Photostability results:  

The stability of europium complexes, crucial for 

applications in lighting and optoelectronics, was evaluated 

under various environmental conditions, including darkness, 

indoor, and outdoor exposure. This study, focusing on 

europium complexes embedded in a PMMA polymer matrix, 

marks a pioneering effort to examine their stability in 

polymeric materials under real-world conditions, a gap not 

previously addressed in the literature. 

Three photostability tests were conducted on PMMA films 

containing five different europium complexes, with conditions 

set to darkness, indoor, and outdoor exposure over 1200 hours, 

with assessments every 400 hours. 

• Dark Condition Test: This test aimed to observe the 

inherent stability of the complexes without external 

influences. Results showed that the complexes 

generally retained their photophysical properties in 

darkness. However, some variation in stability was 

noted, particularly with Eu(TTA)₃L₂, which showed a 

275 300 325 350 375 400 425 450

0.0

0.2

0.4

0.6

0.8

1.0

A
b

s
o

rb
a
n

c
e
 (

a
.u

)

Wavelength (nm)

 Eu(TTA)3L1

 Eu(TTA)3L2

 Eu(TTA)3L3

 Eu(TTA)3L4

 Eu(TTA)3L5

300 400 600 700 800

0.00

0.25

0.50

0.75

1.00

5
D

0
-
7
F

4
5
D

0
-
7
F

3

5
D

0
-
7
F

1
5
D

0
-
7
F

0

5
D

0
-
7
F

2

In
t.

Wavelength (nm)

 Eu(TTA)3L1

 Eu(TTA)3L2

 Eu(TTA)3L3

 Eu(TTA)3L4

 Eu(TTA)3L5

300 400 600 700 800

0.00

0.25

0.50

0.75

1.00

5
D

0
-
7
F

4
5
D

0
-
7
F

3

5
D

0
-
7
F

1
5
D

0
-
7
F

0

5
D

0
-
7
F

2

In
t.

Wavelength (nm)

 Eu(TTA)3L1

 Eu(TTA)3L2

 Eu(TTA)3L3

 Eu(TTA)3L4

 Eu(TTA)3L5

300 400 600 700 800

0.00

0.25

0.50

0.75

1.00

5
D

0
-
7
F

4
5
D

0
-
7
F

3

5
D

0
-
7
F

1
5
D

0
-
7
F

0

5
D

0
-
7
F

2

In
t.

Wavelength (nm)

 Eu(TTA)3L1

 Eu(TTA)3L2

 Eu(TTA)3L3

 Eu(TTA)3L4

 Eu(TTA)3L5



 

 

slight decrease in peak intensity, likely due to 

sensitivity to factors like humidity or oxidation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.5. Emission spectra of PMMA films doped by Eu(TTA)₃L5  

between T=0h and T=1200h under dark conditions. 

 

• Indoor Condition Test: The indoor stability test of 

europium complexes in PMMA films revealed that 

exposure to ambient indoor conditions, including 

humidity, temperature, and sunlight, led to 

degradation and reduced luminescence. Over 1200 

hours, the photoluminescence quantum yield (PLQY) 

of the first four complexes, Eu(TTA)₃L1-4, 

significantly dropped from initial values of 70.64-

79.24% to 31.35-36.08%. This decrease is likely due 

to moisture-induced hydrolysis and sunlight-triggered 

photodegradation, which can lead to bond-breaking 

and free radical formation. However, the 

Eu(TTA)₃L5 complex showed notably higher 

stability under indoor conditions, with only a 17.5% 

PLQY decrease. Its resilience is attributed to 

additional methyl groups that enhance 

hydrophobicity, improving chemical stability and 

preserving luminescence even after extended 

exposure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig.6. Emission spectra of PMMA films doped by Eu(TTA)₃L5  

between T=0h and T=1200h under indoor conditions. 

• Outdoor condition test: The outdoor stability test 

examined the resilience of europium complexes in 

PMMA films when exposed to real-world conditions, 

including temperature fluctuations, humidity, and 

sunlight. After 1200 hours, all complexes showed a 

significant reduction in luminescence, mainly due to 

these environmental stressors. Notably, the 

Eu(TTA)₃L5 complex demonstrated superior 

photoluminescent stability under outdoor conditions 

compared to the other complexes, highlighting its 

potential for applications where durability in harsh 

environments is essential. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.7. Emission spectra of PMMA films doped by Eu(TTA)₃L5  

between T=0h and T=1200h under outdoor conditions. 

 

III. CONCLUSIONS 

 

The findings demonstrated that the film incorporated the 

europium complex with the phenanthroline ligand substituted 

with a higher number of methyl groups (Eu(TTA)3L5) 

exhibited superior stability under all exposure conditions, 

demonstrating increased resistance to degradation compared to 

the other complexes studied. 

Furthermore, this study highlighted the potential for 

chemical modification of phenanthroline ligands to enhance 

the stability of these complexes in films. This improved 

stability confers great promise on these complexes as 

candidates for future optoelectronic devices, including 

luminescent solar concentrators. The results obtained thus 

contribute to a deeper understanding of the design and 

development of stable luminescent materials for advanced 

applications. 
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