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Abstract: Obtained experimental self-cleaning coatings (based on compositions with the participation of Eu2O3), applied by the sol-gel 

method on glass slides. The luminescence of the obtained thin layers of different ratios of the compositions were investigated. A strong 

emission from the 5D0 level of Eu3+ ions was registered under near UV (392 nm) excitation using the 7F0 → 5L6 transition. The values of the 

integrated fluorescence intensity ratio R (5D0→
7F2)/(

5D0→
7F1) was calculated to give information about the degree of asymmetry in the 

vicinity around the active ions, suggesting a location of Eu3+ in non-centrosymmetric sites. The highest Eu3+ luminescence is observed in 

sample with 3 layers coating. The experimental results represent a prerequisite for the development of a series of additional compositions 

and a detailed technological regime for obtaining various modifications of resistant, long-lasting self-cleaning coatings, potentially 

applicable to photovoltaic panels. 
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1. Introduction 
The study of photoluminescence (PL) is widely used in 

materials science, optoelectronics and photovoltaics. PL 

spectroscopy characterizes defects, impurities and electronic 

properties of materials. Researchers study PL spectra to understand 

carrier dynamics, band structures, and luminescence properties. 

There are various inorganic compounds used to achieve a 

luminescent effect. The most popular is the one based on rare earth 

elements, especially Eu2O3. 

Luminescence is described as the emission of 

electromagnetic radiation in excess of thermal radiation. In most 

cases, the emitted radiation appears in the visible range, although 

ultraviolet and infrared emissions have also been observed [1]. The 

role of this effect can be noticeable in specific applications as well 

as during emission intensity measurement processes. Luminescence 

is also used practically in many applications, including light-

emitting diodes (LEDs), storage phosphors, persistent luminescent 

phosphors, scintillators, and in particular in materials for up- and 

down-conversion mechanisms that are designed for photovoltaics 

[2]. Eu also plays an important role in the structural and optical 

properties of the systems/incl. coatings on glasses/. Increasing the 

Eu concentration improves the transparency, refractive index, and 

thickness of the films, along with a quadratic increase in PL 

emission. Some studies have focused on Eu silica-sodium sol-gel 

glasses. According to molecular dynamics simulations, adding soda 

to silica can reduce RE clustering and precipitation [3]. New 

innovative materials based on various luminescent effects have been 

investigated. The obtained results are discussed from the point of 

view of application in next-generation photovoltaics. Experiments 

leading to the production of functional photoconversion layers 

dedicated to low-cost and large-scale deposition methods are 

investigated. Various active agents, as well as possible organic 

carrier matrices, substrate preparation and treatment procedures are 

presented [4]. Hydrophilic photocatalytically active thin films of 

ZnO and ZnO doped with Yb2O3 and Eu2O3 were prepared by a 

combination of sol-gel technique, spin-coating and high-

temperature heat treatment at 500 and 600°C. The methodology 

presented by the authors to produce thin films featuring the key 

properties of self-cleaning coatings can be applied to coatings on 

photovoltaic panels and architectural glass structures [5]. 

Spectroscopy of lanthanide complexes is presented and the optimal 

matrix for the luminescent species, which is based on sol-gel 

technology, is explained and developed. The theory, requirements 

and conditions for the production of luminescent solar concentrators 

are presented and the modern methods for their production are 

outlined. The practical approach to embedding luminescent plates in 

modern buildings for the utilization of solar energy is presented [6]. 

 

2. Experimental procedures 
All compounds were supplied as analytical grades and were 

used without further modification. Thin film coatings were 

performed on slides from AGC Glass Europe. ZrOCl2.8H2O, 

Y(NO3)3.6H2O, 99.9% ethanol (C2H5OH), all purchased from Alfa 

Aesar Germany. The stabilizer is nitric acid /HNO3/. 

Preparation of the glass substrate. Before being cleaned, the 

slides were cut to size (20 mm x 70 mm x 2 mm). Substrate 

cleaning is important prior to the deposition process, as this allows 

the cleaning and removal of submicron particles from the substrate 

surface. This is decisive for the quality of the adhesive film on the 

base. The glass substrates were cleaned/washed/in 99.9% ethyl 

alcohol for 15 minutes and acetone for 15 minutes and then dried 

for 30 minutes at 100°C. Cleaning the glass substrates improves the 

adhesion of the coating material to the substrate and prevents 

contamination of the formed coating. In table 1 presents the 

compositions and the technology of obtaining. 

Table 1 

Sample: Main Composition: Drying 
Time  

T-150oC 

ТоС-  
 

layer

s 

 
GLS-ZrYEu3 

ZrOCl2.8H2O – 9.889 g  
Y(NO3)3.6H2O - 0.831 g 

Eu2O3 – 0.407 mg 

60 min 

 per layer 

420oC- 2 
hour 

Delay 15 
min 

3 

 
GLS-ZrYEu4 

ZrOCl2.8H2O – 9.889 g 
Y(NO3)3.6H2O - 0.831 g 

Eu2O3 – 0.407 mg 

60 min  

per layer 

410oC- 2 

hour 

Delay 15 

min 

4 

 
GLS-ZrYEu6 

ZrOCl2.8H2O – 2.942 g 
Y(NO3)3.6H2O - 0.831 g 

Eu2O3 – 0.407 mg 

60 min 

 per layer 

440oC- 2 

hour 

Delay 15 

min 

6 

 
GLS-ZrYEu7 

ZrOCl2.8H2O – 9.889 g 
Y(NO3)3.6H2O - 0.829 g 

Eu2O3 – 0.407 mg 

60 min  

per layer 

400oC- 2 

hour 

Delay 15 

min 

7 

The table shows the compositions and production technology of 

GLS-ZrYEu3, 4, 6 and 7 
 

Sol-gel technology is applied. ZrOCl2.8H2O is dissolved in 

absolute alcohol - so that a 0.3 - 0.4 molar solution is obtained. 

Y(NO3)3.6H2O is added to it slowly with vigorous stirring. After 60 

min, Eu2O3 was added. During hydrolysis, nitric acid is added or 

stirred until clear, i.e. until completely dissolved. To cover the glass 

samples with the resulting solution, the Dip Coating technology is 

applied [7-9]. 

 

3. Results and Discussion 
Photoluminescence (PL) emission spectra at room 

temperature for all coatings were measured with a 

Spectrofluorometer FluoroLog3-22, 2014 (Horiba JobinYvon, 

Longjumeau, France). 

 

Luminescent properties: Figure 1 shows emission spectra of 

coatings (ZrO2, Y2O3 and Eu2O3) on glasses 
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Figure 1. Emission spectra of coatings (ZrO2, Y2O3 and Eu2O3) 

on glasses. 

The emission spectra of the obtained coatings (ZrO2, Y2O3 

and Eu2O3) on glasses upon excitation into the most intensive 7F0 → 
5L6 transition of Eu3+ at 392 nm are shown in figure 1.  All the 

spectra are recorded in the same conditions at room temperature and 

have the same profiles, consisting of two regions: a broad band of 

Y2O3 emission below 570 nm and narrow emission peaks at around 

591 nm, 615 nm and 701 nm in the visible region, attributed to 
5D0→ 7FJ transitions of the Eu3+ ion from 5D0 to 7F1, 

7F2 and 7F4 

states in order of increasing wavelength, respectively [10]. Since 

itself ZrO2 is not luminous, no emission band originating from ZrO2 

under 392 nm excitation is observed. Comparing the spectral peaks, 

it can be seen that the most intensive is the luminescent band at 701 

nm corresponding to 5D0 → 7F4 transition. This behavior is atypical 

for the most Eu3+ doped materials. It is known that the intensity of 

the 5D0→
7F4 transition is determined by either the chemical 

composition of the host matrix or by symmetry factors [11]. 

As can be seen from figure 1, with the decrease of the 

number of the glass layers, a significant enhancement of the 

emission intensities was achieved. The most intensive emission is 

registered in the sample with 3 layers (GLS-ZrYEu3). 

Europium is a suitable probe for determining the local 

symmetry because its electric dipole transition (ED) 5D0 → 7F2 is 

hypersensitive to the small changes in the surroundings and usually 

dominates the emission spectrum when Eu3+ ions are located in low 

site symmetry, while the magnetic dipole transition (MD) 5D0 →
7F1 

transition is insensitive to the environment around the rare earth ion 

[12, 13]. The fact that the predominant emission is from the ED 

transition rather than from the MD transition is an indication that 

Eu3+ ions are distributed in a non-inversion symmetry sites. 

Therefore, the value of integrated fluorescence intensity ratio R of 

the two transitions (5D0→
7F2)/(

5D0→
7F1) gives information of the 

degree of asymmetry in the vicinity of Eu3+ ions [14,15].  The lower 

the value of the asymmetry parameter, the higher the site symmetry 

of the rare earth ion and the lower Eu–O covalence and emission 

intensity. Ratio values lower than 1 correspond to Eu3+ ions location 

into high symmetry sites, while values above 1 indicate that the 

active ion occupies lower symmetry sites.  

The calculated values, listed at table 2, are in range 6.57 to 

10.80 suggesting more asymmetry around Eu3+ ions and stronger 

Eu–O covalence and thus higher emission intensity. 

Table 2 

Sample composition Fluorescence intensity ratio, R 

GlS-ZrYEu3 10.80 

GlS-ZrYEu4 9.70 

GlS-ZrYEu6 8.46 

GlS-ZrYEu7 6.57 

 

Fluorescence intensity ratio (R) of the two transitions 

(5D0→
7F2)/(

5D0→
7F1)of  coatings (ZrO2, Y2O3 and Eu2O3) on 

glasses. 

CIE color coordinates and CCT (K) values 

 

 
 

Figure 2. CIE chromaticity diagram of coatings (ZrO2, Y2O3 and 

Eu2O3) on glasses 

 

Table 3 

Sample 

composition 

Chromaticity 

coordinates (x,y) 
CCT(K) 

GLS-ZrYEu3 (0.351, 0.305) 4518.80 

GLS-ZrYEu4 (0.366, 0.324) 4046.61 

GLS-ZrYEu6 (0.365, 0.308) 3979.06 

GLS-ZrYEu7 (0.451, 0.360) 2196.40 

 

CIE chromaticity coordinates of glass coatings containing ZrO2, 

Y2O3 and Eu2O3 oxides 

 

To visualize the actual color of emission, the standard 

Commission International de l’Eclairage (CIE) 1931 chromaticity 

diagram was used [16]. From the luminescence spectra the 

chromaticity coordinates of samples were calculated using color 

calculator software (CIE coordinate calculator). The obtained values 

are listed in table 2 and correspond to pale pink color of emission. 

The CIE chromaticity diagram is displayed in figure 2.  These 

coordinates are useful not only for determining the exact emission 

color, but also for calculating the color correlated temperature 

(CCT) of samples, which in addition, usually serves as another 

indicator for characterizing the properties of emitted light. 

The CCT was calculated by the McCamy empirical 

formula: 

 

𝐶𝐶𝑇 = − 449𝑛3 +  3525𝑛2 −  6823𝑛 +  5520.33 [17],  

 

where n= (x−xe)/(y−ye) is the reciprocal slope, (xe=0.332, 

ye=0.186) are epicenter of convergence and x and y are the 

chromaticity coordinates.   

 
Generally, luminescent materials, characterized with CCT 

values below 4000 K are usually considered as a warm source of 

light, while values above 4000 K, as a cold light source [17]. The 

calculated CCT values of Eu3+ doped glasses (table 3) ranges from 

2196.40 K to 4518.80 K.  In particular, samples GLS-ZrYEu6 and 

GLS-ZrYEu7 exhibit a warm light emission with a CCT values of 

3979.06 К and 2196.40 К, while GLS-ZrYEu3 and GLS- ZrYEu4 

with values 4518.80 K and 4046.61 K respectively, can be 

considered as a cool light illumination sources. 
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4. Conclusions 

The luminescent properties of the obtained Eu3+ doped 

samples revealed that they could be efficiently excited by 392 nm 

corresponding to the 7F0 → 5L6 transition and are characterised by a 

very large value of the luminescence intensity ratio, R (over 8), 

indicating that Eu3+ ions occupy highly distorted sites in the host 

structure. In addition, the values of CIE chromaticity coordinates 

and color correlated temperature demonstrate that the obtained 

samples GLS-ZrYEu3 and GLS- ZrYEu4 can be considered as a 

cool pink light emitting sources, while GLS-ZrYEu6 and GLS-

ZrYEu7 as warm light sources. The obtained results are evidencing 

that Eu3+ ions are successfully incorporated in the prepared 

coatings. The experimental results represent a prerequisite for the 

development of a series of additional compositions and a detailed 

technological regime for obtaining various modifications of 

resistant, long-lasting self-cleaning coatings, potentially applicable 

to photovoltaic panels. 
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