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Abstract 

 

Experimental results on the bis[(μ2-etoxi)(benzoyl trifluoroacetonato)(nitrato)(1,10-

phenantroline)europium(III)]1,10-phenantroline europium(III) coordination complex (hereafter, 

[Eu(µ2-OC2H5)(btfa)(NO3)(phen)]2·phen) are described. The complex is characterized by 

photoluminescence (PL) and infrared spectroscopy. Photoluminescence spectra of the complex 

exhibit strong emission with specific narrow emission bands associated with the  
5
D0→

7
Fj (j = 0–4) transitions. The pattern of emission band splitting and the luminescence time 

decay suggest the presence of at least two different sites of the Eu
3+

 ion in a low-symmetry 

environment. The absolute PL quantum yield of the complex is determined to be 49.2%. 

Keywords: rare-earth compounds, europium (III) complex, luminescence, quantum yield. 

 

Rezumat 

 

Sunt prezentate rezultate experimentale pentru complexul coordinativ al europiului III) - 

[Eu(µ2-OC2H5)(btfa)(NO3)(phen)]2phen. Complexul a fost caracterizat prin spectroscopia de 

fotoluminescență și spectroscopia în infraroșu. Spectrele de fotoluminescență ale complexului 

reprezintă benzi de emisie puternice asociate cu tranzițiile 
5
D0→

7
Fj (j=0-4).  Caracterul despicării 

benzilor de emisie, cât şi timpul de relaxare al luminescenței indică prezența a cel puțin două site-

uri diferite ale ionului Eu
3+

 în mediu cu simetrie redusă. A fost determinat randamentul cuantic 

absolut al complexului de 49,2%. 

Cuvinte cheie: compuși de pământ rar, complex Europium (III), luminescență, randament 

cuantic. 

 

1. Introduction 

 

Rare-earth compounds, and specifically their coordination complexes, attract a lot of 

interest because of their fundamental physical properties and numerous applications in different 
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fields in optoelectronics, biotechnology, biochemistry, medicine, and other industries [1–3]. 

Complexes with trivalent europium ion Eu
3+

exhibit high fluorescence efficiency upon UV 

excitation, emission spectra in the visible range with high color purity and a large Stokes shift, 

long-lived luminescence, etc. [4–6]. This luminescence is characterized by long lifetimes and 

sharp spectral lines. In biomedical field, europium(III) complexes are extensively used for the 

development of high-performance sensors, luminescent labels in immunoassays, bioanalysis, etc. 

[7]. Europium ions are characterized by a simple structure of 
2S+1

LJ multiplets with non-

degenerate first excited and ground levels, 
5
D0 and 

7
F0. Because of these specific properties of 

trivalent europium ion, it can be used as a luminescent probe to acquire information on the local 

symmetry in crystalline host matrices or glasses as well as complexes with organic ligands  

[8–10]. 

In the recent years, increased research efforts have been focused on new lanthanide 

complexes with potential development toward material sciences, chemical and biomedical 

applications, quantum storage devices, etc. [11, 12]. Previously, we reported preliminary results 

on Eu(III) coordination compound bis[(μ2-etoxi)(benzoyl trifluoroacetonato)(nitrato)(1,10-

phenantroline)europium(III)]1,10-phentroline, hereafter [Eu(µ2-OC2H5)(btfa)(NO3)(phen)]2·phen 

[13]. This work reports a further study of photoluminescence (PL) properties of europium(III) 

coordination complex [Eu(µ2-OC2H5)(btfa)(NO3)(phen)]2·phen.  

2. Preparation and Characterization of the Complex 

 

Europium(III) coordination complex [Eu(µ2-OC2H5)(btfa)(NO)3(phen)]2∙phen has been 

synthesized as described elsewhere [14]. Samples were characterized by infrared (IR) and PL 

spectroscopy. Infrared spectra were registered using a PerkinElmer Spectrum 100 FTIR 

Spectrometer at a resolution of 1 cm
1

. Infrared spectra were recorded on a dry powder between 

KBr pellets (4000–650 cm
1

) or in Nujol mull (4000–400 cm
1

) between KBr pellets. 

Photoluminescence emission spectra were recorded using a single emission monochromator 

MDR-23 and different excitation sources (337 or 405 nm) close to ligand absorption maximum. 

Photoluminescence spectral measurements were carried out using a Thorlabs LD Model CPS405 

4.5 mW as an excitation source. A 337-nm pulsed nitrogen laser at a repetition rate of 10–100 Hz 

and a pulse width of 10 ns was used for PL relaxation measurements. Photoluminescence signal 

was detected in a photon counting mode using a Hamamatsu H8259-01 module with a C8855-01 

counting unit connected to a PC. The spectral resolution for PL measurements was as low as 

0.125 nm. For both the PL spectra and the quantum yield measurements, the emission spectra 

were corrected for the instrument spectral sensitivity. The luminescence time decay was recorded 

using a nitrogen pulsed laser as a light source at a repetition rate of 10 Hz. The H8259-01 PMT 

module with a C8855-01 pulse-counter provides time-resolved measurements at a resolution of 

50 s, which is sufficient for registration of PL relaxation in a range of 50 s to 10 ms. 

The [Eu(µ2-OC2H5)(btfa)(NO)3(phen)]2∙phen complex exhibits a bright-red emission 

under UV irradiation. Figure 1 shows a photographic image of a powder sample under day-light 

illumination compared with the sample under UV irradiation. Measurements of absolute PL 

quantum yield were performed using the absolute method of integration sphere [15]. The 

integration sphere was 150 mm in diameter. The inner spherical cavity wall was coated with 

MgO (extremely high diffuse reflectance) using a burning magnesium ribbon in an O2 stream. 

The sphere was mounted in front of an MDR-23 monochromator. Absolute quantum yield Q is 
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defined as the ratio of the number of emitted photons Nem to the number of absorbed photons 

[16]: 

  
 

Fig. 1. Photographic image of a powder sample: (left) under day-light illumination and (right) under 

UV irradiation. 

absem NNQ 
.
 

Figure 2 illustrates the experimental approach for measuring the absolute quantum yield. 

First, the excitation spectrum is registered when the substrate is placed under a direct excitation 

beam in a sample holder. The total area under this spectrum (S0) is proportional to the number of 

excitation photons minus those absorbed in the substrate. In the next step, the excitation spectrum 

is registered when the substrate with a PL compound is placed under an excitation beam in a 

sample holder. The area under this spectrum (S1) is proportional to the number of excitation 

photons minus those absorbed in the substrate and the compound. The PL emission spectrum was 

registered with a probe (substrate with the sample powder) placed inside a sample holder. The 

area under the PL spectrum (S2) is proportional to the number of emission photons under direct 

and diffuse excitation. Finally, the PL spectrum is registered when the probe is excited only by 

indirect excitation light diffusively reflected from the integrating sphere walls (S3). The quantum 

yield is determined as )()( 1032 SSSSQ   [15, 16]. 

 

 

 

 

Fig. 2. Illustration of the 

spectra for the determination of 

quantum yield: S0 is the 

excitation spectrum registered 

with the substrate under an 

excitation beam in a sample 

holder; S1 is the excitation 

spectrum registered with a probe 

under an excitation beam; S2 is 

the PL emission spectrum 

registered with the probe under 

an excitation beam; and S3 is the 

PL emission spectrum registered 

when the probe is excited by 

indirect excitation light diffused 

by the integration sphere walls. 
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3. Infrared Transmission Spectra 

Infrared spectra were registered using a PerkinElmer Spectrum 100 FTIR Spectrometer 

with at a resolution of 1 cm
1

. Infrared spectra were recorded on a dry powder between KBr 

pellets (4000–650 cm
1

) or in Nujol mull between KBr pellets (4000–400 cm
1

). Absorption 

bands in the IR spectrum were identified by comparing with the reference data [17, 18]. The 

absorption bands corresponding to the basic structural units of the [Eu(µ2-

OC2H5)(btfa)(NO)3(phen)]2∙phen complex are listed in Table 1. 

 

Table 1. Ligands absorption bands in the complex related to the basic structural units 

 

Ligand Structural unit , cm
1

 

btfa (C=O) 1610 

as(CF3) 1180 

s(CF3) 1135 

CH 731; 700 

o-phen (C=N) 1637 

(C=C) 1675; 1498; 1441 

OC2H5 as(CH2/CH3) 1459 

asCH2/CH3) 1377 

Scissor oscillation CH2 1470 

(CH2) 1466 

NO3 

 1489; 1290; 1026 

 

4. Photoluminescence Emission Spectra 

 

Photoluminescence emission spectra were registered for both the powdered samples and 

the samples dissolved in a dimethylformamide solution under excitation of a 405-nm or 337-nm 

laser beam. The PL emission spectrum registered at 300 K in the powder sample (exc 405 nm) is 

shown in Fig. 3a. Upon UV excitation, the Eu
3+

 complex exhibits well-known characteristic 

transitions 
5
D0→

7
Fj (j = 0, 1, 2, 3, 4) with typical narrow band components. The complex shows 

strong emission bands in the solid state; less intense bands are registered in the 

dimethylformamide solution (Fig. 3b). 
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Less resolved Stark splitting and wider peaks of the emission bands are known to be a 

common feature of Eu(III) complexes in solution [21]. This difference in the degree of splitting 

suggests different degrees of distortion of the ligand crystal field in different media. With a 

decrease in temperature, the peak intensity of the basic emission bands increases and the 

resolution of emission band splitting also increases. Assignment of the emission lines is 

consistent with the predicted number of transition bands, which is based on the selection rules for 

low-symmetry complexes [19]. The strongest emission is related to the transition between excited 

state 
5
D0 and ground state manifold 

7
F2 due to an efficient energy transfer from higher excited 

states to 
5
D0 [20]. Along with the transitions from the first excited state 

5
D0, a number of 

extremely weak transitions from the higher excited state level 
5
D1 can be observed (Fig. 3a):  

5
D1–

7
F0 (526.8 nm), 

5
D1–

7
F1 (533–543 nm), 

5
D1–

7
F2 (551–573 nm), and 

5
D1–

7
F3 (583 nm).  

 

 

 

 

  

a b 

 

 
Fig. 3. Illustration of the PL spectrum of the europium(III) complex under 405-nm excitation (T = 300 K): 

(a) PL spectrum for the powder sample; the integrated intensity ratio is R = 9.02 and (b) PL spectrum of 

the complex in a dimethylformamide solution; the integrated intensity ratio is R = 14.4. 

 

 

The band at ~580 nm represents the forbidden electric dipole transition 
5
D0→

7
F0, from 

the 
5
D0 excited state to the 

7
F0 ground state. The 

5
D0→

7
F0 transition is forbidden by the selection 

rules and commonly can be observed only in low-symmetry complexes, if the lanthanide ion is 

located on a site with Cnv, Cn, or Cs symmetry [8, 19]. It is one of the most remarkable features in 

the luminescence spectrum of the [Eu(µ2-OC2H5)(btfa)(NO)3(phen)]2∙phen complex. Since both 

the emitting 
5
D0 and ground state 

7
F0 of the transition are non-degenerate and cannot be split by 

the ligand field, the number of its components exactly indicates the number of different Eu
3+

 ion 

sites [19]. The band at 580 nm has a small line width, which at 300 K equals 32 cm
1

 for the 

powder sample and 45 cm
1

 for the solution sample (Figs. 3, 4). Although the low-resolution 

spectrum for the 
5
D0→

7
F0 transition reveals an almost symmetrical single line (Fig. 5), its 
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relatively wide full width at half maximum suggests that it can contain two closely spaced 

components. In fact, deconvolution of the emission band 
5
D0→

7
F0 (Fig. 5) reveals two lines, and 

this is consistent with the assumption of existence of two different sites of the Eu
3+

 ion.  

The 
5
D0→

7
F1 transition with the emission band at 587–600 nm is a purely magnetic 

dipole transition; it represents the crystal field splitting of the 
7
F1 level. An important feature of 

this transition is that its integrated intensity is relatively insensitive to the local crystal field 

induced by ligands surrounding the Eu
3+

 ion. Therefore, the 
5
D0→

7
F1 transition is used as a 

reference in comparing the absolute emission intensities within the Eu(III) spectrum [8, 10]. The 

pattern of splitting of the 
5
D0→

7
F1 transition provides information to which crystal system the 

complex corresponds. In the case of complexes with low symmetry (orthorhombic or lower 

symmetries) the maximum splitting of three lines appears [8, 19]. In Fig. 6, we can distinguish 

the 
5
D0→

7
F1 splitting into more than six components (peaks and shoulders), which can be 

attributed to the existence of at least two distinct, although chemically quite similar, emitting Eu
3+

 

centers in the complex [22, 23]. 

 

  
a b 

 
Fig. 4. Photoluminescence spectrum of the europium(III) complex under 337-nm excitation (T = 300 K): 

(a) PL spectrum for the powder sample; the integrated intensity ratio is R = 7.18 and (b) PL spectrum of 

the complex in a dimethylformamide solution; the integrated intensity ratio is R = 11. 

 

 

 

 

 

 

 

Fig. 5. Deconvolution of the emission 

band at ~580 nm attributed to the 
5
D0→

7
F0 

transition in the case of the powder sample 

(T = 300 K, exc = 405 nm). 
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The dominant feature in the PL spectrum of the [Eu(µ2-OC2H5)(btfa)(NO)3(phen)]2∙phen 

compound is the 
5
D0→

7
F2 electric dipole transition with the emission band at 610–630 nm  

(Fig. 6). It is this transition that is responsible for the typical bright red luminescence observed in 

most of the europium(III) compounds. Since its intensity is sensitive to the local symmetry of the 

Eu
3+

 ion and the nature of the ligands, the 
5
D0→

7
F2 transition is considered as a “hypersensitive” 

transition [8–10]. The PL spectrum of the [Eu(µ2-OC2H5)(btfa)(NO)3(phen)]2∙phen compound 

shows that the 
5
D0→

7
F2 transition is much more intense than the 

5
D0→

7
F1 magnetic dipole 

transition (Figs. 4, 6). The asymmetric ratio R, which is defined as an integrated intensity ratio 

I2(
5
D0→

7
F2)/I1(

5
D0→

7
F1) is equal to 9.02 for the powdered sample; for the sample dissolved in a 

dimethylformamide solution, the ratio is 14.4 (exc = 405 nm). This high magnitude of 

asymmetric ratio R suggests that the Eu(III) ion is not at an inversion center [19]. At a low 

temperature of 10.7 K, the 
5
D0→

7
F2 transition splitting into at least ten components and shoulders 

can be observed; this multiple splitting is consistent with the existence of at least two sites of the 

Eu(III) ion. 

 

 
 

Fig. 6. Photoluminescence spectrum for the powder [Eu(µ2-OC2H5)(btfa)(NO)3(phen)]2∙phen sample 

measured at 10.7 K. The insets show the splitting of the 
7
F3 and 

7
F4 bands.  

The excitation light is 405 nm. 

 

The other two emission bands corresponding to the 
7
F3, and 

7
F4 levels, which are electric 

dipole transitions, are extremely weak. The 
5
D0→

7
F3 transition at 640–655 nm is a forbidden 

electric dipole transition, which is the weakest in the spectrum of the compound. This transition 

can only gain intensity via J-mixing [10]. Another electric dipole transition is the 
5
D0→

7
F4 

emission band at 680–710 nm. The 
5
D0→

7
F4 transition is slightly higher than the 

5
D0→

7
F3 

transition. It is considered to be sensitive to the Eu
3+ 

environment, because the intensity of the 
5
D0→

7
F4 transition is determined not only by symmetry factors, but also by the chemical 

composition of the host matrix [23–25]. 
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Fig. 7. Photoluminescence decay profiles for the powder and dissolved sample of the  

[Eu(µ2-OC2H5)(btfa)(NO3)(phen)]2∙phen complex at 300 K registered at 611 nm under 337-nm pulsed 

excitation [13]. 

 

Photoluminescence decay curves of the complex were registered at 300 K for the 
5
D0→

7
F2 transition at 611 nm. Temporal characteristics of the PL exhibit a bi-exponential decay 

for both the powder sample and the sample dissolved in a dimethylformamide solution (Fig. 8). 

The PL decay curves can be fitted by the two-exponential function: 

)/exp()/exp()( 2211  tAtAtI  , 

where 1A  and 2A  are pre-exponential factors; 1  and 2 are the time constants. 

The lifetime constants for Eu
3+

 obtained from the plot in Fig. 8 are 1  = 0.67 ms and  

2  = 0.82 ms for the powdered sample and 1 = 0.28 ms and2 = 0.57 ms for the complex 

dissolved in a dimethylformamide solution [13]. The absolute quantum yield of PL measured in 

the powder samples by the integration sphere was determined to be 49.2%, while the sensitization 

efficiency was 89.3%. 

 
 

Fig. 8. Illustration of the mechanism of energy transfer from the organic ligand to the Eu
3+

 ion: S0, 

S1, and T1 are the singlet ground state, singlet excited state, and triplet state, respectively. A is 

absorption, FL is fluorescence, PS is phosphorescence, IC is internal conversion, ISC is intersystem 

crossing, and ET is energy transfer. 
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Photoluminescence spectra can be interpreted in terms of energy transfer from organic 

ligands to the Eu(III) ion [10, 23]. Figure 8 illustrates the mechanism of energy transfer from 

organic ligands to the Eu(III) ion. Under UV radiation, the organic ligand of the complex is 

excited from the singlet ground state S0 to a vibration level of the first excited singlet state S1. 

There are three possible deactivation transitions of excited electrons from the singlet S1 state. 

These transitions are as follows: (i) radiative transitions from excited singlet state S1 to ground 

state S0, which contribute to the ligand molecule fluorescence and the excitation of 4f shell 

electrons through the Foerster mechanism; (ii) non-radiative transitions from singlet state S1 to 

triplet state T1; and (iii) a Dexter transition of excited electrons from the S1 level to the 4f shell 

levels of the Eu
3+

 ion. Triplet state T1 can be deactivated similarly to the S1 state, which results in 

the phosphorescence of the ligand molecule (Foerster mechanism), or through intramolecular 

energy transfer from the T1 state to the 4f level of the Eu
3+

 ion (Dexter mechanism), which results 

in Eu
3+

 luminescence emission [19–22]. 

Further studies will be performed to extend the described preliminary PL results. 

Currently, research is progressing on powder pattern X-ray diffraction measurements aimed at the 

structural characterization of the compound.  

5. Conclusions 

 

The [Eu(µ2-OC2H5)(btfa)(NO)3(phen)]2∙phen complex has been characterized by IR and 

PL spectroscopy. Upon UV excitation, the Eu
3+

 complex exhibits well-known characteristic 

transitions 
5
D0→

7
Fj (j = 0–4) with typical narrow emission bands. Although the 

5
D0→

7
F0 

transition represents a single line, its full width at half maximum is relatively large of about 32 

cm
–1

; this fact suggests that it can contain two closely spaced components. Both the emission 

spectra and the PL decay characteristics indicate the presence of two different sites of the Eu
3+

 

ion. The absolute PL quantum yield and the sensitization efficiency have been determined to be 

49.2 and 89.3%, respectively. We believe that this high luminescence material can be useful for 

various applications in optoelectronics. 
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