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Abstract. The photoluminescence properties of [Eu(DBM)3(Phen)] complex have 
been investigated both in powder and thin film samples. Upon irradiation with a laser 
beam 405 nm the complex shows a considerable photoluminescence (PL) degradation, 
with a subsequent partial recovery under storing in the dark. The possible photodegradation 
mechanism is discussed. 
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1. INTRODUCTION 

Lanthanide organic coordination compounds remain a research hotspot because 
of their high potential for photonic and biomedical applications [1–3]. Specifically, 
Eu(III) complexes are excellent materials for displays technology, luminescent probes 
in biomedicine, sensors technology, optical amplifiers, medical diagnostics, etc. 
[2, 4–6]. The scientific interest towards Eu(III) compounds is supported by a number 
of essential properties of the tri-positive europium ion. Namely, in Eu(III) complexes, 
because of small number of radiative transitions, the fine structure of the 
photoluminescence (PL) spectrum is one relatively simple [7, 8]. Eu3+ represent a 
convenient tool, for example, as spectroscopic probes for evaluation of local site 
symmetry, as well as an indicator of nephelauxetic effect, etc. [7, 9, 10]. 

High luminescence materials can be prepared by incorporation of the Eu3+ ions 
into different organic or inorganic hosts, metal–organic frameworks, sol–gel glasses, 
ion gels or liquid crystals, etc. [1, 11, 12]. PL emission may be obtained both in the 
case of Eu3+ ions doped into crystalline or glass host matrices, as well as in Eu(III) 
complexes with organic ligands. In the case of Eu(III) complexes the ligands act 
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as an antenna to absorb the excitation light and to transfer the excitation energy 
non-radiatively to the emitting excited 4f levels of the Eu3+ ion. 

New organic Eu3+ complexes can be obtained by varying the type or chemical 
composition of mixed ligands, or by use of different combinations of ligands, which 
provides a large number of potential novel Eu3+ compounds [1, 12, 13]. The possibility 
of tuning physical and chemical properties through chemical design and synthesis 
represents an important advantage of Eu(III) complexes [14]. Eu(III) complexes with 
high luminescence emission can be obtained in various forms like powders, single 
crystals, thin films or solutions [1]. For example, electro-luminescence devices 
are usually fabricated by vacuum deposition of thin films on indium-tin-oxide 
(ITO)-coated glass substrates [15, 16]. 

Luminescent thin films for photonic applications require high optical  
transmission, and homogeneity, as well as photochemical stability [17]. One of the 
problems that hinder photonics applications of Eu(III) coordination compounds with 
organic ligands is their long-term photostability. Some lanthanide complexes with 
organic ligands suffer from significant photodegradation when exposed to prolonged 
UV irradiation and may exhibit a considerable decrease of emission intensity [18, 19]. 
The photochemical stability towards long-term UV irradiation in lanthanide complexes 
with different ligands has been reported in various papers [11, 18, 19–21]. A number 
of papers reported high luminescence photostability of some Ln(β-diketonate)3L 
complexes, and quite interesting, there were reports on luminescence enhancement 
under UV irradiation [11, 21]. 

The coordination compound [Eu(DBM)3(Phen)] is known as luminescence 
material with high quantum yield (~ 40–60%), and large potential for practical 
applications. On the other side, this complex displays considerable instability of PL 
emission, which appears as luminescence emission decay under continuous UV 
radiation. The degradation process in [Eu(DBM)3(Phen)] under UV exposure was 
studied in a number of papers, for example [21]. We report here on new comparative 
photo-stability measurements in [Eu(DBM)3(Phen)] powder samples and sublimated 
thin films, obtained by vacuum deposition on the glass substrates. 

2. EXPERIMENTAL METHODS FOR CHARACTERIZATION 

Low-resolution excitation spectra (0.125 nm) were registered with an MDR-23 
single grating monochromator (LOMO, St Petersburg, Russia) and a double grating 
spectrometer DFS-52 (LOMO) for collecting PL emission. A halogen lamp (OSRAM 
64623 HLX 12V 100W) was used as an excitation source. The spectra were corrected 
for the instrumental spectral sensitivity. Low-resolution emission spectra were registered 
with MDR-23 monochromator and a Hamamatsu photomultiplier head H9319-02-12 
in a photon counting mode. High-resolution emission spectra (1 cm−1) were registered 
with the DFS-52 spectrophotometer and Hamamatsu photomultiplier module 
H8259-01 in a photon counting mode, while a Thorlabs laser diode module (CPS405 
405 nm) was used as an excitation source. Fluorescence lifetimes were measured 
using the 3rd harmonics (355 nm) of a pulsed Q-switched Nd:YAG laser as an excitation 
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source. The IR spectra were recorded on a FTIR Spectrum-100 Perkin Elmer 
spectrometer in Nujol (400–650 cm–1) and using ATR technique (650–4000 cm–1). 

3. EXPERIMENTAL RESULTS AND DISCUSSION 

3.1. PREPARATION OF MATERIALS AND THIN FILM SAMPLES 

All chemicals and reagents were obtained from commercial sources and used 
as received. Dibenzoylmethane (98%) was obtained from Thermo Fisher Scientific 
(Waltham, Massachusetts, USA). The other materials were purchased from Sigma-
Aldrich (St. Louis, MO, USA) as follows: europium chloride hexahydrate (purish; 
99.9%), 1,10-phenanthroline (p.a.; ≥ 99%), o-toluilic acid (p.a.; 99%), and sodium 
hydroxide (pure; ≥ 98%). 

[Eu(DBM)3(Phen)] complex was prepared by chemical method as described 
here [22]. Thin films of [Eu(DBM)3(Phen)] were deposited on borosilicate glass 
substrates. Before deposition, the substrates were chemically treated with saturated 
NaOH solution and then with sulfuric acid to remove possible grease traces from the 
surface. After treatment the substrates were washed with distilled water and dried at 
110ºC for 10 min. For thin films deposition the [Eu(DBM)3(Phen)] complex was 
heated in the vacuum chamber (10–4 mm Hg) to a temperature of ~200ºC and completely 
sublimed. The thickness of the films is ~ 30 nm. Figure 1 illustrates the SEM image 
for the powder sample, with rather uniform, slightly agglomerated particles morphology, 
forming a porous material with small grains. 

AFM image of the sublimated [Eu(DBM)3(Phen)] thin-film samples is shown 
in Fig. 2, illustrating a medium surface roughness, caused by a non-ideal process 
during thin films preparation. For example, the root mean-square roughness equals 
Rms = 5.65 nm; the average roughness (arithmetical mean height) Ra = 4.75, and the 
surface skewness Skew = – 0.0712. 

 

  

Fig. 1 – SEM image of the powder 
sample [Eu(DBM)3(Phen)]. 

Fig. 2 – AFM images of the sublimated sample 
[Eu(DBM)3(Phen)], deposited on the glass substrate. 

3.2. INFRARED SPECTRUM 

The IR spectrum of the [Eu(DBM)3(Phen)] complex shows stretching vibrations 
ν(CH)ar, which are registered at 3036 cm–1 (νas) and at 3027 cm–1 (νs). The ν(C = O) 
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stretching band is not observed in the IR spectrum, which can be explained by the 
formation of metal-cycles upon coordination with the redistribution of the electron 
density between the chemical bonds in the cycles. Thus, the stretching vibrations 

ν( )+ν( ) and ν( )+ν( ) appear in the spectrum at 1593 and 940 cm–1, 
and 1514 cm–1 respectively. The band at 609 cm–1 can be attributed to the superposition 
of the deformation vibrations of the aromatic rings and stretching vibrations ν(MO) 
[23]. The shoulder-shaped absorption band at 1620 cm–1 can be assigned to the 
ν(C = N) + ν(C = C) vibrations in o-phenanthroline molecules, and the absorption 
bands at 1593 and 1477 cm-1, while the band 1455 cm–1 – to the ν(C = C) vibrations in 
aromatic rings [24]. 

The bands, which demonstrate the type of substitution in aromatic rings are the 
planar δ(CH) bands and, specifically, the non-planar δ(CH) bands. The presence in 
the IR spectrum of the absorption bands at 1177 cm–1 δ(CH)pl, and 716 and 684 cm–1 
δ(CH)nonpl characterizes the presence of monosubstituted aromatic rings (5 adjacent 
hydrogen atoms) in the DBM molecules, while the absorption bands at 1139 cm–1 
δ(CH)pl and 841 cm–1 (2 adjacent hydrogen atoms) and 747 cm–1 (3 adjacent hydrogen 
atoms) characterizes the presence of monosubstituted aromatic rings in the  
o-phenanthroline molecule [25]. The IR data are in good agreement with X-ray structural 
results on single crystal reported elsewhere [26]. 

The IR spectrum of the [Eu(DBM)3(Phen)] compound shows the absorption band 
at 3057 cm–1, which is attributed to the ν(CH)ar stretching vibrations, and the absorption 
band at 2927 cm–1 is attributed to the ν(CH2) vibrations. The low-intensity absorption 
band at 1623 cm–1 is assigned to the ν(C = N) vibrations of the Phen cycles [27], and the 
absorption bands at 1597, 1559, 1550, 1477 and 1454 cm–1 – to the stretching vibrations 
of ν(C = C) in the aromatic rings [24]. The intense absorption band at 1517 cm–1 is assigned 

to the ν( )+ν( ) vibrations in the metallocycles, formed in the coordination 
process of DBM (C6H5-C( = O)-CH2-C( = O)-C6H5) to the Eu3+ cation [23]. The medium 
intensity bands at 1253, 1135, 1101, 1068, 1038, 1024 and 988 cm–1 can be attributed to 
the δpl(CH)ar bending vibrations with different types of substitution: 1-(5 adjacent 
H atoms), 1,2-(4 adjacent H atoms), 1,2,3-(3 adjacent H atoms) and 1,2,3,4-(2 adjacent 
H atoms). The high-intensity bands in the spectrum of [Eu(DBM)3(Phen)] registered at 
845, 728, 723 and 693 cm–1 are attributed to the δnonpl(CH)ar vibrations [24]. 

3.3. PHOTOLUMINESCENT PROPERTIES 

[Eu(DBM)3(Phen)] coordination compound is a typical ternary Eu3+ complex 
which displays red-orange photoluminescence emission. The excitation spectrum of 
the compound was recorded in the range 300–590 nm by monitoring the emission at 
614 nm. The low-resolution excitation spectra of [Eu(DBM)3(Phen)] thin films and 
powder samples, are represented in Fig. 3. The excitation spectrum is dominated by 

a broad absorption band, which is accompanied by a number of sharp 4f−4f lines. 
The broad band spreads between ~ 300–500 nm for the powder samples, and  

~ 300−460 nm for thin films. This broad absorption band can be attributed to singlet 

π−π* transitions of the ligand matrix (S0−S1 excitation) [12]. 
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The excitation bands, related to 4f−4f transitions appear to be very weak in thin 
films compared to powder samples. Besides, a small blue shift in the position of the ligand 

broad band (π−π* transition) of sublimated films, compared to powder samples, can be 
noticed. The peak maximum in the excitation spectrum shifts from λmax = 413.1 nm in 

powder sample to λmax = 404.7 nm in thin films. Additionally, the π−π* transition band 
appears slightly narrower in film samples. The narrow absorption bands positioned at 
about 462, 524.5, 531.7 and 578.6 nm represent characteristic transitions of the Eu3+ ion 
corresponding to the 7F0→5D2, 7F0→5D1, 7F1→5D1 and 7F0→5D0 transitions, respectively. 

PL emission spectra were registered both in sublimated thin films as well as in 
powder samples at room temperature under excitation of near-UV laser beam 405 nm 
(Fig. 4). When irradiated with a laser beam 405 nm the [Eu(DBM)3(Phen)] complex 
exhibits a bright-red luminescence. The PL spectra are characterized by narrow 
emission bands, determined by radiative transitions from the first resonant level 5D0 
of Eu3+ ion to the ground multiplet 7FJ (J = 0–4). One can clearly see the similar character 
of splitting of the emission bands for two sample morphologies – the powder samples 
and thin film samples. Specifically, the PL intensity of electric dipole (ED) transition 
5D0→7F2 is the strongest for both the powder samples and thin films. Both thin films 
and powder samples clearly exhibit a crystal field splitting of magnetic dipole (MD) 
transition 5D0→7F1 and ED transition 5D0→7F2 into the maximum possible number 
of components, which is a characteristic feature for low-symmetry compounds. 
Indeed, the literature data show that [Eu(DBM)3(Phen)] complex crystallizes in the 
triclinic space group P-1 with five molecules in the asymmetric unit [28]. One can 
clearly observe 3 components for the magnetic dipole transition 5D0→7F1 and 5 well 
resolved components of the hypersensitive 5D0→7F2 transition (Fig. 4). 

 

  
Fig. 3 – The low-resolution excitation 

spectrum of the complex [Eu(DBM)3(Phen)]: 

(1) powder sample (max = 413.1 nm) and (2) 

thin film sample (max = 404.7 nm). 

Fig. 4 – Emission spectra of the 
[Eu(DBM)3(Phen)] complex under excitation 

beam 405 nm: (1) powder sample;  
(2) thin film sample. 

 

It is known that the emission intensity of ED transition 5D0→7F2 strongly depends 
on the chemical environment around the Eu3+ ion. The ratio of integrated intensities of 
red-orange emission bands, R = I(5D0→7F2)/I(5D0→7F1), equals 12.28 in powder sample 
and 12.11 in thin films. This suggests a highly polarizable chemical environment 
around the Eu(III) ion, which is responsible for the strong red emission [7, 10, 29, 30]. 
The greater the bond polarization, the greater the asymmetry R ratio is [10, 22]. 
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The emission spectrum of both powder samples and sublimated thin films 
reveal a number of very weak emission bands, determined by radiative transitions 
from the second excited state 5D1 to the ground multiplet: 5D1→7F0 (~ 526 nm), 
5D1→7F1 (~ 537 nm), and 5D1→7F2 (~ 550–567 nm), while emission from other higher 
states of Eu3+ are not observed, which is related to fast nonradiative relaxation from these 
states to lowest 5D0 excited state. Radiative transitions originating at the 5D1 level to the 
7F0–4 levels are known to be short-lived [12, 30, 31]. The characteristic emission band 
around 579 nm with small line width (fwhm = 0.93 nm) is related to electric dipole 
transition 5D0→7F0, and this transition is known to be forbidden by the ΔJ selection rule 
of Judd–Ofelt theory. Its registration can be explained by J-mixing of 7F0 with 7F2, which 
is enhanced by strong crystal-field effects of the host matrix [7, 10, 31]. 

The probability of the transitions from the lowest resonant excited state 5D0 to the 
7F0–4 ground states depends on site symmetries of the Eu3+ ion in the matrix. The PL 
emission spectra of both powder samples and thin films are almost identical, suggesting 
that the Eu(III) complex was sublimated without decomposition. Both powder sample 
and sublimated films show no phosphorescence triplet emission (Fig. 4), which indicates 
on very efficient energy transfer from the ligand’s matrix to the Eu3+ resonant energy 
levels. The PL band with barycenter at ~ 652 nm is very weak because it is determined 
by the transition 5D0→7F3, which is forbidden both in electric as well as in magnetic 
dipole scheme, while this transition can gain intensity via J-mixing [7]. Registration of 
only one component for 5D0→7F0 transition along with the character of Stark splitting of 
5D0→7F1,2 transitions suggest a single chemical environment around Eu(III) ion. 

Figure 5 illustrates the CIE (Commission Internationale de Eclairage) chromaticity 
coordinates of [Eu(DBM)3(Phen)] complex estimated from the photoluminescence 
emission spectra in Fig. 4. The CIE coordinates for powder sample (x = 0.661,  
y = 0.337) as well as thin films (x = 0.635, y = 0.344) fall in pure red region. These 
values are close to the standard red color values established by the European 
Broadcasting Union (EBU, x = 0.64, y = 0.33). Both type of samples exhibit high 
color purity, 98.12 % and 97.06 %, respectively. 

 

 

Fig. 5 – CIE colour coordinate plot showing the x, y coordinates of the emission in 
[Eu(DBM)3(Phen)] complex. The emission colour is marked by light blue square  

(sublimated sample) and black circle (powder sample). 
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We estimated the Judd-Ofelt (JO) intensity parameters, along with transition 

probabilities, radiative lifetimes and branching ratios, considering the emissions that 

originate from the lowest 5D0 level [32]. The radiative transition probability Arad(J) 

can be expressed as given by eq. (1) [12, 33–35]: 

 

 𝐴𝑟𝑎𝑑(𝐽) =  
64𝜋4ῦ3

3ℎ(2𝐽+1)
[

𝑛(𝑛2+2)
2

9
𝐷𝑒𝑑 + 𝑛3𝐷𝑚𝑑] (1) 

 

where ῦ is the average wavenumber (wavelength barycenter) of the transition 

(cm–1), Ded and Dmd are the electric and magnetic dipole line strengths, J is the total 

angular momentum of the ground state, h is the Planck constant and n is the refractive 

index. Because the transitions 5D0→7F0,3,5 are forbidden both in magnetic dipole and 

electric dipole schemes, their dipole line strengths Ded and Dmd are zero. The radiative 

transition probability for the electric-dipole transitions A0–2,4 can be represented 

through the probability of the magnetic dipole transition A0–1 [36]: 

 

 𝐴0−2,4 =  
𝐼0−2,4

𝐼0−1

𝜆0−2,4

𝜆0−1
𝐴0−1 (2) 

 

where λ0–J represents the wavelength barycenter of the Eu3+ transition 5D0→7FJ (J = 2,4), 

I0–J is the integrated intensity of the emission band 5D0→7FJ. The Judd-Ofelt intensity 

parameters, Ω2 and Ω4, were determined from the relation [7, 37, 38]: 

 

 𝛺𝜆 =  
𝐷𝑚𝑑ῦ1

3

𝑒2ῦ𝑗
3|〈 𝐹7

𝐽‖𝑈(𝜆)‖ 𝐷5
0〉|

2

9𝑛3

𝑛(𝑛2+2)2

𝐼0−𝐽

𝐼0−1
  (3) 

 

where ῦ1 is the average wavenumber of the transition 5D0→7F1, ῦj is the average 

wavenumber of the transition 5D0→7FJ, and e is the electron charge [33, 39]. The dipole 

line strength of the 5D0→7F1 transition is taken [7, 34] as Dmd = 9.6 × 10−42 esu2 cm2. 

For the average index of refraction accepted as n ≈ 1.5, the transition probability of 

the reference magnetic dipole transition is known to be equal A0-1 ≈ 50 s–1 [34, 40]. 

The squared reduced matrix elements values |〈 𝐹7
𝐽‖𝑈(𝜆)‖ 𝐷5

0〉|
2

 were taken from 

earlier works [7, 41, 42] to be equal to 0.0032 and 0.0023 for λ = 2 and λ = 4, 

respectively. 

The branching ratios β0J of the emission transitions of Eu3+ ion are obtained 

from the corresponding areas of emission peaks of 5D0→7FJ (J = 0–4) by the relation 

β0J = A0J/Atot, where Atot is the total radiative transition probability (Atot = ΣA0–4) [43, 44]. 

The branching ratio β0J characterizes the potential of specific emission line to be used 

as a laser transition. For example, a radiative transition with a branching ratio above 

0.5 is considered potentially useful as a laser transition. For PL spectra in Fig. 4 the 
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band 5D0→7F2 shows high value of radiative transition probability A0–2 = 430.62 s–1 

and the branching ratio β02 > 80%. Some estimated parameters of the [Eu(DBM)3(Phen)] 

complex and the JO intensity parameters are shown in Table 1. Branching ratios 

for 5D0→7FJ transitions estimated from PL spectra are in good agreement with those 

predicted by JO theory. 

 
Table 1 

The photophysical parameters for powder sample and sublimated thin film  

Transition 

5D0→7F0 5D0→7F1 5D0→7F2 5D0→7F3 5D0→7F4 

Powder Film Powder Film Powder Film Powder Film Powder Film 

Barycenter,  

λ0-J, nm 
578.98 579.22 591.75 592.09 614.40 613.33 652.25 652.30 699.31 699.70 

I(5D0→7FJ), a.u. 3370.7 665.8 8963.4 2602.5 110035.4 31514.1 2765.6 1218.5 4519.6 1687.2 

I(5D0→7FJ)/ 

I(5D0→7F1) 
0.38 0.26 1.00 1.00 12.28 12.11 0.31 0.47 0.50 0.27 

Arad(J), s-1, (exp) 18.397 12.512 50 50 637.295 627.166 17.004 25.790 29.794 38.605 

β0J, % (calc) – – 6.973 6.988 88.873 87.658 – 5.354 4.155 – 

β0J, % (exp) 2.445 1.660 6.645 6.633 84.691 83.204 2.259 3.421 3.959 5.082 

Ωλ, (cm2)×10–20 – – – – 20.087 19.483 – – 1.761 2.213 

 

The JO intensity parameters Ωλ depend on the local geometry, bonding atoms 

and polarizability of the first coordination sphere of lanthanide ions. Specifically, 

Ω2 is known to be related to the covalency and/or structural changes in the vicinity 

of the Eu3+ ion, while Ω4 is related to long-range effects [12, 45]. According to the 

theory, the Ω2 values are the most sensitive to small angular changes in the chemical 

environment around the Eu3+ ion. The high value of Ω2 intensity parameter (Table 1) 

suggests that the Eu ion is presented in highly polarizable chemical environment in 

this complex [12, 30]. Both JO intensity parameters, as well as radiative parameters, 

are relatively high or comparable with those reported in the literature for Eu3+ organic 

complexes, or inorganic Eu-dopped compounds. 

3.4. THE PHOTOLUMINESCENCE TIME RELAXATION 

The luminescence decay profile of the Eu(III) complex was monitored at 614 nm 

both in powder samples and thin films under pulsed excitation at 355 nm. Figure 6 

illustrates the PL decay characteristics measured for the transition 5D0→7F2 at room 

temperature. Commonly, in the case of a single emitting site, the PL decay curve can 

be fitted by a single exponential function. When different emitting sites of Eu(III) 

ion with different lifetimes exist, the PL decay cannot be fitted by single exponential 

function. The decay kinetics in Fig. 6 appears to suggest involvement of at least two 

mechanisms in the luminescence process, and contribution of two processes – a fast 

and a slow component. One can suppose that the fast component may be related to 
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Eu3+ located on grain boundaries, while the second slow process could be attributed 

to the Eu3+ ions in crystallite bulk [46]. In the case of powder samples there is a 

distribution in lifetimes with the Eu3+ ions in the centre of the grains having long 

lifetimes, while those at the surface of the grains are rapidly quenched due to 

adsorbed water [47, 48]. In the case of deposited thin films on glass substrate there 

is an increased contribution to the PL relaxation kinetics of the surface defect states, 

and interface defect states with various lifetimes.  

 

  
a b 

Fig. 6 – PL decay profile in powder sample (a) and thin film (b) measured at 614 nm under pulsed 

excitation at 355 nm. Dots represent experimental data, and the blue lines represent  

the PL decay fitted by two-exponential function. 

 
The luminescence decay profile in Fig. 6 was fitted by two-exponential function (4), 

where A1 and A2 are pre-exponential factors, and τ1 and τ2 are the time constants: 
 

 𝐼(𝑡) =  𝐴1 exp(− 𝑡 𝜏1⁄ ) + 𝐴2 exp(− 𝑡 𝜏2⁄ )  =  𝐼1 + 𝐼2  (4) 

 

The time decay constants obtained from the plot in Fig. 6 are equal respectively 

τ1 = 0.182 ms, τ2 = 0.463 ms, A1 = 0.612, A2 = 0.462 for powder sample; and τ1 = 0.139 ms, 

τ2 = 0.454 ms, A1 = 0.64, A2 = 0.411 for sublimated thin films. 
The measured decay profile can be used for calculation of observed luminescence 

lifetime (τobs) of Eu(5D0), and of the intrinsic quantum yield (QEu). The observed 
luminescence lifetime (τobs) of the 5D0 excited state is assumed to be equal to the 
average lifetime τav, evaluated from the PL bi-exponential decay curve (Fig. 6): 

 

 𝜏𝑎𝑣  =  (𝐴1𝜏1
2 + 𝐴2𝜏2

2) (𝐴1𝜏1 + 𝐴2𝜏2)⁄   (5) 

 

The radiative lifetime τrad for the Eu3+ ion is determined by Atot (Table 1) from 

the PL emission spectrum: 

 

 𝜏𝑟𝑎𝑑  =  1 𝐴𝑡𝑜𝑡⁄  (6) 
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The radiative lifetime τrad obtained from (6) equals 1.33 ms. The lifetime τrad 

is related to the intrinsic quantum yield QEu and the observed luminescence lifetime 

τrad through the relation [40,49]: 

 

 𝑄Eu =  𝜏𝑜𝑏𝑠 𝜏𝑟𝑎𝑑⁄  (7) 

 

Consequently, the intrinsic quantum yield QEu determined from (7) is found to 

be ~ 28% for powder samples and ~ 26 % for thin samples, which is comparable 

with reported literature data for Eu(III) complexes.  

Overall, the PL decays for both powder and thin-film [Eu(DBM)3(Phen)] samples 

can be fitted by a bi-exponential function. The decrease of τ1 in thin films, accompanied 

by negligible change in τ2, suggests that the fast component in films arises from a 

population of Eu3+ ions subject to enhanced non-radiative decay. In a ~ 300 nm film 

this is most consistent with interface- or defect-related quenching, whereas the slow 

component is assigned to Eu3+ ions in better-protected, more ordered local environments 

with radiative/non-radiative rates similar to the powder bulk. This model is a matter 

of further research which would allow separation of radiative and non-radiative 

contributions for each decay component. 

3.5. FOTODEGRADATION OF THE PL EMISSION UNDER EXCITATION BEAM 405 nm 

The photostability of the [Eu(DBM)3(Phen)] coordination compound, both 

powder and thin film samples, was investigated by monitoring the PL emission 

at 611 nm under continuous exposure up to 1 hour using a 405 nm (5 mW) laser 

diode (~ 25 mW/cm2) as excitation source. Under the laser beam exposure, the PL 

emission intensity decreases considerably both in thin films as well as in powder 

samples (Fig. 7), indicating the degradation of the luminescent species under 405 nm 

excitation. It seems that the UV exposure does not completely quench the emission 

of the [Eu(DBM)3(Phen)] complex, and the residual PL emission after ~ 60 min 

exposure represents approximately 50 % for powder sample, and about ~ 20 % for 

thin film samples. On the other side the sublimated thin films show a stronger 

photobleaching effect, while both samples exhibit a faster degradation rate at initial 

stage (Fig. 7). 

One can be concluded that the [Eu(DBM)3(Phen)] complex displays relative 

UV-light stability in powder samples while lower stability is registered in sublimated 

thin films, although it keeps relatively good emissive after ~ 60 min of near-UV 

irradiation. The photostability measurements of [Eu(DBM)3(Phen)] reveal a pronounced 

decrease of the 5D0→7F0 emission intensity under continuous 405 nm irradiation, 

with the PL intensity approaching a residual level of ~ 50% in powders and ~ 20% 

in thin films after ~ 60 min exposure. The faster degradation observed at the initial 

stage suggests the rapid formation of non-radiative quenching centres.  
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Fig. 7 – Photodegradation of the PL emission under continuous irradiation with the excitation 

beam 405 nm. The inset illustrates partial recovery of the PL emission after secession  

of the excitation beam. 

 

The more pronounced instability in thin films is consistent with the enhanced 

surface-to-volume ratio and increased oxygen accessibility compared to the bulk 

powder. The partial PL recovery observed after storage in the dark indicates that the 

degradation is not solely due to irreversible ligand decomposition, but also involves 

reversible photoinduced processes, such as charge trapping or metastable radical 

states that quench Eu3+ emission. At the same time, photobleaching and/or oxidation 

of the organic ligands (DBM, Phen) likely contribute to the irreversible PL loss, 

as reported for similar β-diketonate lanthanide complexes [50–52]. We can suppose 

the overall photodegradation mechanism may be interpreted as a combination of  

irreversible ligand photochemistry and reversible quenching via photoinduced defect 

or trap states, which is a matter for further research. 

4. CONCLUSIONS 

PL characteristics of [Eu(DBM)3(Phen)] complex and PL emission degradation 

were investigated in an air environment under continuous irradiation by excitation 

beam 405 nm. The complex shows a considerable PL degradation both in thin films 

as well as in powder samples, with subsequent partial recovery under storing in the 

dark. The luminescence time decay after pulsed excitation was measured at 614 nm 

and fitted by two-exponential function. This model is a matter of further research 

which would allow separation of radiative and non-radiative contributions for each decay 

component. The Judd–Ofelt intensity parameters along with the radiative parameters 

are comparable both for powder samples and sublimated thin films. The CIE 

chromaticity coordinates of the [Eu(DBM)3(Phen)] complex (x = 0.661, y = 0.337) 

fall in pure red region. It can be concluded that the [Eu(DBM)3(Phen)] complex, 

although subjected to degradation, displays moderate UV-light stability in powder 

samples while lower stability is registered in thin films, although it keeps emissive 

after ~ 60 min of near-UV irradiation 405 nm. 
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