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A B S T R A C T   

Rare earth luminescent materials have broad application prospects in the fields of white light LED lighting, flat 
panel display, biological imaging and so on. Here, we developed a novel silicate clay minerals-based montmo-
rillonite nanosheet(Mt)/YF3:Eu3+ nanocomposites with strong luminescence performance. Mt carrier plays a 
three role: (1) reducing the size and improving dispersion of YF3: Eu3+ nanoparticles by surface effect; (2) 
narrowing down the band gap and increasing Urbach tail energy by interface effect; (3) reducing the shielding of 
the hole-electron Coulomb interactions while improving the exciton binding energy of YF3:Eu3+, thus improving 
the radiative recombination by dielectric effect. Therefore, orthogonal phase YF3: Eu3+ nanoparticles (diameter 
20~140 nm) binding to the surface of Mt via chemical bond interactions. The combination of Mt and YF3:Eu3+

not only enhanced luminescent intensity (about 2 times) but also improved the quantum yield (0.14% to 0.4%) 
and fluorescence lifetime (0.338 ns to 0.405 ns) of YF3:Eu3+ nanoparticles at 595 nm. In addition, the combi-
nation of Mt and YF3:Eu3+ give luminescent properties to Mt thereby improving the utilization rate of Mt and 
YF3: Eu3+ nanoparticles. It was found that the research supplies an insight on the development of new type 
luminescent materials, and hopefully it could promote them application in many fields.   

1. Introduction 

Rare earth phosphors for white light LED have several remarkable 
advantages such as narrow band emission, which can be concentrated in 
a specific wavelength range, good stability at short ultraviolet (185 nm) 
radiation, and high emission intensity at high temperature. Among, YF3: 
Eu3+ is a superior red phosphor due to its low refractive index, good 
chemical stability, non-hygroscopicity and insoluble [1,2]. However, it 
has many disadvantages, for instance, shorter fluorescence lifetime, 
lower fluorescence quantum yield and utilization rate [3]. 

For the moment, the usual methods to improve the luminescence 
property of rare earth luminescent materials mainly include coating 
method, ion doping method and introducing surface plasma resonance 

effect method, but these methods still have many different defects. 
Coating method is effective method to improve the luminescence 
properties of rare-earth luminescent materials. By coating a homoge-
neous or heterogeneous shell on the surface of the material to reduce the 
surface defects of the material, increase the distance of the luminescence 
center, and reduce the surface fluorescence quenching to improve its 
luminescence intensity [4–8]. However, almost all the coating methods 
face a common problem, which is difficult to effectively control the 
thickness. Ion doped method is another effective method to improve the 
luminescence properties of rare-earth luminescent materials. The local 
symmetry of matrix lattice is adjusted by ion doping (e. g., Fe3+) to 
improve the emission intensity of the rare-earth luminescent materials. 
However, it’s hard to control accurately the content of doping elements 
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and the replacement position of target atoms. And the coexistence of 
multiple doped ions with high concentration will cause cross-relaxation, 
which can lead to fluorescence quenching. In addition, the emission 
intensity of rare-earth luminescent materials can be enhanced by 
coupling resonance energy transfer with surface plasmon materials, 
such as gold and silver, WO3-x and Cu2-xSe [9–12]. However, the price of 
gold and silver is higher, and the morphology and defect concentration 
of WO3-x and Cu2-xSe are difficult to control [13]. Al2O3 and SiO2 
nanoparticles, as commonly used dielectric materials, can improved the 
luminescence intensity of the rare earth fluoride luminescent materials 
[14,15]. However, they have lower dielectric constant ratio with the 
nano-materials due to their charge transfer and rotation, it is difficult to 
efficient enhancement of the surface and internal local fields of the rare 
earth fluoride luminescent materials. And the dielectric constant of 
Al2O3 and SiO2 nanoparticles can only be controlled by changing them 
porous structure. At the same time, the porous structure and its void size 
not easy to control, which limits their practical application in the field of 
optical materials. Montmorillonite (Mt, Al2O9Si3, dielectric constant 
16.1–38.2) nano-sheet is a class of negatively charged silicate sheets of 
nanothickness [16,17]. Mt nano-sheet is a kind of sheet-like silicate clay 
mineral with mortal specific surface area, up to 700–800 m2/g [18]. The 
interface interaction of the Mt nano-sheet and loaded materials can not 
only change the electronic structures, exciton binding energy and band 
gaps of the loaded materials, but also effectively adjusts the size, 
morphology and dispersion of the loaded materials [19–23]. Its high 
dielectric constant ratio are adjusted by the concentration of the loaded 
materials. Mt is natural formation, extensive resources, complete shape, 
low price and low toxicity. Mt is a good silicate clay minerals assembly 
of nano-functional materials. For exemple, a new type of CeO2 @MMT 
nanoenzyme-targeted therapeutic drug was successfully synthesized. 

Cerium oxide nanoparticles (CeO2 NPs) were grown in situ on mont-
morillonite (MMT) for inflammatory sites. By binding to MMT, CeO2 
NPs significantly inhibited the absorption phenomenon in the whole 
body, reduced its potential nanotoxicity, and also give photodynamic 
activity to MMT [24]. A new nanocomposite composed of nano-
structured minerals (Montmorillonite), starch particles and liquid 
metals was reported. The new nanocomposites have chemical, optical 
and mechanical response property. They has write-wipe capabilities in 
electrical filed, and also enhance microbial culture/biofilm growth in 
vitro and biofuel production [25]. Guan et al. designed and synthesized 
a unique fluorescent surfactant, which combines the properties of the 
aggregation-induced emission (AIE) and amphiphilicity, to image mac-
rodispersion of montmorillonite (Mt) and layered double hydroxide 
fillers in polymer matrix. The proposed fluorescence imaging provides a 
number of important advantages over electron microscope imaging, and 
opens a new avenue in the development of direct three-dimensional 
observation of inorganic filler macrodispersion in organic–inorganic 
composites [26]. 

We combined the beneficial properties of Mt nanosheet and YF3: 
Eu3+ to synthesize a new type of silicate clay minerals-based Mt/YF3: 
Eu3+ nanocomposites (Fig. 1). A combination of Mt nanosheet and YF3: 
Eu3+ not only endows Mt with luminescent properties but also effec-
tively improves the luminescent performance of YF3: Eu3+ nanoparticles 
by regulate their size, exciton binding energy and band gaps. This 
research render a new policy for improving the utilization rate and 
optimizing performance of Mt nanosheet and YF3: Eu3+ nanoparticles. 

Fig. 1. Synthesis procedure and schematic illustration of luminescence enhancement mechanism of Mt/YF3: Eu3+ nanocomposites.  
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2. Experimental sections 

2.1. Preparation of Mt/YF3:Eu3+ nanocomposites 

Mt (0.25 g) was dispersed in deionized water (25 mL), and Y(NO3)3 
(1.6 mL, 0.4 mol/L) and Eu(NO3)3 (0.6 mL, 0.4 mol/L) were added. After 
ultrasonic dispersion for 10 min, NH4F (5 mL 0.6 mol/L) solution was 
added and then heated to 80 ◦C. After magnetic stirring for 1 h, the 
deposit washed six times with deionized water and ethanol, and dried at 
80 ◦C for 3 h. Finally, Mt/YF3:Eu3+ nanocomposites were prepared. 

2.2. Preparation of YF3:Eu3+ nanoparticles 

Deionized water (25 mL) was mixed with Y(NO3)3 (1.6 mL, 0.4 mol/ 
L) and Eu(NO3)3 (0.6 mL, 0.4 mol/L) solution. After ultrasonic disper-
sion for 10 min, NH4F (5 mL 0.6 mol/L) solution was added and heated 
to 80 ◦C. After magnetic stirring for 1 h, the deposit washed six times 
with deionized water and ethanol for several times, and dried at 80 ◦C 
for 3 h. Finally, YF3:Eu3+ nanoparticles were prepared. 

2.3. Reagents and characterization 

All reagents used were of analytical grade and used without further 
purification. Mt was purchased from Xin Cheng Shen Fei Aluminum 
Alloy Co., Ltd. (Wenzhou, China). Ammonium fluoride (NH4F) was 
purchased from Beijing Chemical Works. Y(NO3)3 and Eu(NO3)3 were 
purchased from Science and Technology Parent Company of Changchun 
Institute of Applied Chemistry. 

X-ray diffraction (XRD) patterns of the samples were measured using 
an AXS D8 Advance diffractometer (Bruker, Bremen, Germany) with Cu 
Ka radiation (λ = 0.15406 nm) at 40 kV and 40 mA. Scanning electronic 
microscopy (SEM) images were recorded on a Hitachi S-4800 micro-
scope. Transmission electron microscopy (TEM), EDS, HRTEM and 
SAED (FEI, Tecnai T20, Netherland) were carried out after dissolving all 
samples in ethanol and mounted them in a copper grid. The valence 
states of the elements were analyzed by X-ray photoelectron spectros-
copy (XPS) Thermo Scientific K–Al pha+. The X-ray source was Al Ka 
micro-focusing monochromatic source which the beam spot was 
continuously adjustable from 30 to 400 μm, and the step size was 5 μm. 
The photoluminescence (PL) excitation and emission spectra were 
recorded on a Hitachi F-4500 spectrofluorimeter equipped with a 150 W 
xenon lamp as the excitation source. Fluorescence lifetime and quantum 
yield were measured by Edinburgh FLS1000 fluorescence spectropho-
tometer. The UV/Vis/Infrared light absorption performance was 
analyzed by UV 3600 spectrometer with a scanning range of 700~200 
nm. A Bruker Vertex 70 infrared spectrometer was used for FTIR analysis 
with a scanning range of 4000~400 cm-1. Agilent 4294A impedance 
analyzer was used for dielectric constant and dielectric loss analysis with 
room temperature. 

3. Results and discussion 

Fig. 2 shows the XRD patterns of Mt, YF3:Eu3+ and Mt/YF3:Eu3+

nanocomposites. From the spectrum line of Mt, the diffraction peaks 
appeared at 19.84◦, 20.83◦, 26.66◦, 28.44◦, 44.97◦, 46.20◦, 54.90◦. The 
position and relative intensity of the diffraction peaks are consistent 
with standard card of the monoclinic phase Mt (PDF#29–1487), indi-
cating that the sample is monoclinic phase Mt. From the patterns of YF3: 
Eu3+, the diffraction peaks appear at 26.23◦, 28.38◦, 44.90◦, 46.22◦, 
52.23. The position and relative intensity of the diffraction peaks are 
consistent with the standard card of orthogonal phase of YF3:Eu3+

(PDF#05–0392). It can be seen from the XRD spectrum of Mt/YF3: Eu3+

nanocomposite that the characteristic reflections correspond to the 
monoclinic phase (2θ = 19.84◦, 20.83◦, 26.66◦, 28.44◦, 44.97◦, 46.20◦, 
54.90◦) of Mt (JCPDS. 29–1487), and the orthogonal phase (2θ =
26.23◦, 28.38◦, 44.90◦, 46.22, 52.23) of YF3:Eu3+ (JCPDS. 05–0392), 

which indicating that the nanocomposite consists of Mt and YF3:Eu3+. 
Moreover, through the XRD spectrum comparison of the three samples, 
it is found that the relative intensity of the diffraction peaks of Mt and 
YF3: Eu3+ is significantly weakened, and even some peaks disappear. 
The main reason is that YF3: Eu3+was coated on Mt, which reduces the 
relative intensity of the diffraction peaks of Mt. Analysis shows that the 
final product is composed of Mt and YF3:Eu3+. 

It can be seen from Fig. 3a,b, Mt has nano-sheet structure with a 
smooth surface and stacked in layers. After YF3:Eu3+ nanoparticles 
deposition onto the surface of Mt, Mt/YF3:Eu3+ nanocomposites pre-
served nano-sheet shapes (Fig. 3c and d). The surface roughness and 
looseness of Mt/YF3:Eu3+ nanocomposites increases compared to Mt 
(Fig. 3d). And as can be seen from Fig. 3c and d, many nanoparticles 
with mean sizes of 82.43 nm (n = 100) are deposited on the Mt surface. 
Compare to independent and scattered YF3:Eu3+ nanoparticles (Fig. 3e 
and f), the size of YF3:Eu3+ nanoparticles on the surface of Mt is obvi-
ously reduced (Fig. 3d). The growth and aggregation of YF3:Eu3+ were 
inhibited due to two-dimensional limited surfaces of Mt nanosheet. The 
result shows that Mt can adjusts the sizes and dispersion of YF3:Eu3+

nanoparticles through its specific surface (see Fig. 3d). 
As shown in Fig. 4a, multiple YF3:Eu3+ nanoparticles are wrapped on 

the surface of Mt. The Y3+ and Eu3+ ions are adsorbed on the negatively 
charged surface of Mt, and then YF3:Eu3+ undergo nucleation and 
growth on the surface of Mt (Fig. 1). The TEM image of Mt/YF3:Eu3+

nanocomposite (Fig. 4a) clearly shows that YF3:Eu3+ nanoparticles are 
deposited on the surface of Mt. The HRTEM image of Mt/YF3:Eu3+

nanocomposite shows that the lattice spacing values were 0.312 and 
0.343 nm, respectively, corresponds to the (111) and (020) plane of YF3: 
Eu3+, which approved that the nanoparticles were YF3:Eu3+ crystals 
(Fig. 4b). The inset in Fig. 4b (SAED patterns of the Mt/YF3:Eu3+

nanocomposite) showed polycrystalline diffraction rings and discrete 
diffraction spots, which suggests that the nanocomposite is poly-
crystalline. Fig. 4c–i are the distribution map of O, Mg, Eu, Si, Ai, F and 
Y. All of the elements were uniformly distributed. TEM and EDX analysis 
further confirmed the formation of the Mt/YF3:Eu3+ nanocomposites 
(see Fig. 4). 

It can be seen from the infrared spectra (Fig. 5) of Mt, the H–O–H 
stretching vibration peaks emerged at 3200~3600 cm-1 [18]. The 
deformation vibration absorption peak of H2O emerged at 1637 cm-1. 
The absorption peaks at 1030 and 900 cm-1 come from the telescopic 
vibration band of the -Si-O- bond. The absorption peaks at 795 and 
500~600 cm-1 were attributed to the vibration bands of Si–O–Si and 
O–Si, respectively [19]. It can be seen from the infrared spectra of YF3: 
Eu3+, the absorption peak at 3250-3600 cm-1 can be the result of H–O–H 

Fig. 2. XRD patterns of Mt, YF3:Eu3+ and Mt/YF3:Eu3+ nanocomposites.  
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stretching vibration peak. The absorption peak at 1637, 1401and 1424 
cm-1, respectively, can be the result of the bending vibration absorption 
peaks of H–O–H and the vibration absorption peaks of NO3

- appeared 
[27]. The absorption peaks at 1045 and 808 cm-1 can be the result of the 
absorption peaks of C–O (CO2) [28]. 

In the spectrum (Fig. 5) of Mt/YF3: Eu3+, three absorption peaks 
appears at 3622, 3430 and 3120 cm-1 can be the result of the stretching 
and bending vibration absorption of –OH [28]. The absorption peaks at 
1030 and 1035 cm-1 came from the stretching vibration absorption peak 
of the Si–O–Si bond [29]. The absorption peak at 795 cm-1, 619 cm-1 and 
523 cm-1 put down to the flexural vibration absorption of Si–O, Al–O–Si 
and Mg–O, respectively [17,29]. Compared with the spectra of Mt and 
YF3: Eu3+, H–O–H stretching vibration peak at 3430 cm-1, H–O–H 
bending vibration absorption peak at 1637 cm-1 and the NO3

- vibration 
absorption peak at 1401 cm-1 in the spectra of Mt/YF3: Eu3+ nano-
composite were attenuated. Which proved that YF3: Eu3+ was success-
fully coated on the surface of Mt. When YF3: Eu3+ nanoparticles was 
coated on the surface of Mt, which eliminated or degraded the active 
groups of the surface of YF3: Eu3+, thereby its emission intensity was 
boosted. 

The XPS full spectrum of Mt, YF3:Eu3+ and Mt/YF3:Eu3+ nano-
composite shown in Fig. 6a. The full spectrum of the Mt/YF3:Eu3+

nanocomposite showed the nanocomposite comprise of Si, Al, Mg, Eu, Y, 
O, and F elements. Besides that, the high-resolution XPS spectra of O 1s, 
Si 2p, Al 2p, Mg 1s, Y 3d, Eu 3d, and F 1s were also collected to analyze 
the chemical environments of these atom. After YF3:Eu3+ deposition 
onto the surface of Mt, the binding energies of Si 2p and Al 2p reduced 
from 103.57 to 75. 40 to 103.24 and 74.90 eV, respectively (Fig. 6b and 
c), indicating the coupling of YF3:Eu3+ on Mt nanosheet. 

The change in the spectra of Eu 3d, Y 3d, and F 1s could also explain 
the interaction between YF3:Eu3+ and Mt nanosheets. Before YF3:Eu3+

deposition onto the surface of Mt, the spectrum of Eu 3d appeared two 
spectrum peak at 1158.0 eV and 1167.6 eV. After YF3:Eu3+ deposition 
onto the surface of Mt, the two spectrum peak of Eu 3d are blue shift, 
respectively. This is due to changes in the electron binding energy of the 
Eu inner shell, which show that the bonding interactions (Mt–O–Eu3+) 
may generated at the interface between Mt–O and Eu 3+ (Fig. 6E). 
Fig. 6F shows Y 3d peak for pure YF3:Eu3+ and Mt/YF3:Eu3+. The Y 3d 
peak appears at around 161.0 and 163.0 eV in YF3:Eu3+. The blue shift 
of peak of Y 3d at 163.0 and 161.0 eV could be caused by Y–O-Mt bond 
generated. Notably, the spectrum of Mt/YF3:Eu3+ shows a new peak at 
154.2 eV, which may be due to the formation of Y–O-Mt between YF3: 
Eu3+ and Mt (O atom in Mt). After the YF3:Eu3+ coated on the surface of 
Mt nanosheet, the peaks of O 1 s blue shifted to the lower binding energy 
compared to YF3:Eu3+, indicating the electron cloud density and elec-
tronegativity of O atom decrease (see Fig. 6G). The results are further 
illustrated the interactions between Mt and YF3:Eu3+. At the same time, 
the binding energies of F 1s decreased from 687.5 to 685.8 eV (Fig. 6H), 
suggesting the bonding of YF3:Eu3+ on the surface of Mt. It was further 
confirmed that the YF3:Eu3+ is coated on the surface of Mt nanosheet by 
combining the analysis of TEM elemental mapping, IR, and XPS. 

In the excitation spectra (Fig. 7A), which were monitored with 595 
nm emission of Eu3+, we observed a strong excitation peak at 395 nm 
that can be assigned to the energy level transition of 7F0 - 5L6 of Eu3+. 
The emission spectra (Fig. 7B) were obtained by excitation at 397 nm, 
the strongest emission peak (at 595 nm) was attributed to the 5D0-7F1 
forced electric dipole transition. The other emission bands observed at 
616 nm was attributed to 5D0-7F2 transition. Compared with YF3:Eu3+, 

Fig. 3. SEM of Mt (a, b), Mt/YF3:Eu3+ and (inset) corresponding particle size distribution histogram (c, d), YF3:Eu3+ (e, f).  

H. Peng et al.                                                                                                                                                                                                                                    



Ceramics International 49 (2023) 34119–34128

34123

the emission intensity of Mt/YF3:Eu3+ notably enhanced (about 2 
times), as shown in Fig. 7B. Usually, a single luminescence center is a 
symmetric peak structure [21]. So in Mt/YF3:Eu3+ nanocomposite, Eu3+

is a single luminescence center that occupies only one lattice position. 
Eu3+ does not replace different cations or enters into different lattices, 
thus not forming a variety of light-emitting centers with different sur-
rounding lattice environments. And the quantum yield of Mt/YF3:Eu3+

and YF3:Eu3+ was also measured, which was 1.4% and 0.4%, respec-
tively. This proves that the energy conversion ability to the absorbing 
photons of Eu3+ is enhanced by Mt. 

The decay curves of the prepared YF3:Eu3+ and Mt/YF3:Eu3+ nano-
composite were showed in Fig. 8. The fluorescence decay curves of YF3: 
Eu3+ and Mt/YF3:Eu3+ nanocomposite conform to the dual-exponential 
decay behavior, and the dual exponential function is adopted [21]: 

I(t)= α1e(− t/τ1) + α2e(− t/τ2) (1)  

Where I is the fluorescence intensity, τ1 and τ2 are the fast process and 
slow process of fluorescence decay, α1 and α2 are the fitting index of the 
two processes. Its average fluorescence lifetime (s) is calculated by for-
mula (2): 

τ=
(
α1τ2

1 +α2τ2
2

) /
(α1τ1 +α2τ2

)
(2) 

Based on formula (2), the fluorescence lifetime of YF3:Eu3+ and Mt/ 
YF3:Eu3+ nanoparticles is 0.338 ns and 0.405 ns, separately. It can be 
seen from Fig. 8 that the fluorescence lifetime of the Mt/YF3:Eu3+

nanoparticles is longer than that of YF3:Eu3+ nanoparticles. It is well 
known that the microscopic properties and processes such as band gap, 
energy levels and carrier migration of luminescent nanomaterials may 
influence their luminescence properties. 

The optical absorption abilities and band gap of Mt and Mt/YF3:Eu3+

nanocomposite were measured by DRS in Fig. 9. Fig. 9a shows the 
comparison of UV–vis optical absorption characteristics of pure YF3: 
Eu3+, Mt and Mt/YF3:Eu3+. It can be observed that the optical absorp-
tion capacity of Mt/YF3:Eu3+ is higher than that of Mt and YF3:Eu3+ at 
300–800 nm, indicating that the Mt/YF3:Eu3+ nanocomposite possessed 
unique optical properties. Compared to that of Mt and YF3:Eu3+, the 
absorption edge of Mt/YF3:Eu3+nanocomposite has an obvious red shift, 
which can be attributed to the dielectric confinement effect in Mt/YF3: 
Eu3+nanocomposite. Because the dielectric confinement effect can 
enhance the Coulomb force between electronics and holes, thus 
enhancing the binding energy between electron-hole pairs, while 

Fig. 4. (a) TEM image of Mt/YF3:Eu3+ nanocomposite; (b) HRTEM image and the SAED pattern of Mt/YF3:Eu3+ nanocomposite; (c–i) Energy Dispersive X-ray (EDX) 
mapping of Mt/YF3:Eu3+ nanocomposite. 
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weakening the spatial confinement energy between electron-hole pairs, 
thus causing the redshift phenomenon. The dielectric confinement effect 
is large, the greater the redshift of the absorption spectrum. As shown in 
Fig. 9B-D, the energy band gap of the Mt/YF3:Eu3+ nanocomposite was 
approximately 2.87 eV, which was significantly narrower than that of 
YF3:Eu3+ (3.92 eV) and Mt (3.50 eV). This band gap maked the Mt/YF3: 
Eu3+ nanocomposite to adsorb light in the UV–vis region. The effect of 
Mt on the band gap of YF3:Eu3+ nanoparticles put down to the syner-
gistic action of the surface and interface. XRD results analysis showed 
the low crystallinity of YF3:Eu3+ in the nanocomposites. The low crys-
tallinity increased crystal defects. The growth of these defects would 
generate the defect energy level, and defects dispersed and overlapped 
with the edge of the conducting band [19]. These effects led to the 
narrowing of the band gap of the YF3:Eu3+ nanoparticles on the surface 
of Mt. This result is consistent with that obtained by UV absorption 
spectroscopy. The obvious influence of Mt nanosheet on the band gap of 
YF3:Eu3+ nanoparticles may also be associated with interface defects. In 
Mt/YF3:Eu3+ nanocomposite, the increasing concentration of the inter-
face defects leads to the overlap of the wave functions in the defect state, 
thus dividing the separated defect energy levels into energy bands [20]. 
The width of the defect energy band is proportional to the defect con-
centration [20,30]. The wide defect band led to the overlapping of 
defect band with the conduction band, and move the conduction band 
down thus narrow the band gap (see Fig. 9). 

In order to further prove the increase of local defect state and the 
change of material structure disorder, Urbach tail energy by using 
equation (3) was calculated. Urbach tail energy of YF3:Eu3+ nano-
particles and the Mt/YF3:Eu3+ nanocomposite were 0.266, and 0.567 
eV, respectively (Fig. 10). 

α(v)=α0 exp
hv
Eu

α(v) = α0 exp
hv
Eu

(3)  

where α is absorption coefficient, α0 is a constant, h is the Planck con-
stant, ν is the frequency of photon, and Eu is the Urbach tail energy. The 
value was calculated from the inverse of the slope by using the plot of ln 
(α) and hν. 

α can be obtained from formula (4) 

α= 2.303 ×
A
t

(4)  

Where A is the light absorption intensity and t is the thickness of the 
samples. 

The definition of Urbach tail energy showed that the material with 

high or low Urbach energy has a certain amount of defect states. 
Compared to YF3:Eu3+ nanoparticles, Urbach energy of Mt/YF3:Eu3+

nanocomposite obviously higher, which indicate that the interface of Mt 
and YF3:Eu3+ have the large defect states density. Therefore, according 
to the Urbach energy values, Mt can act as a good carrier for YF3:Eu3+

nanoparticles, and the luminescence performance of YF3:Eu3+ nano-
particles can be enhanced by changing in the crystal field. 

The dielectric confinement effects is caused by the mismatch of 
dielectric constants between nanoparticles and its surrounding. It can 
improve the dielectric properties due to the enhancement of the surfaces 
and inside local fields of nanoparticles. Dielectric constant and dielectric 
loss are two index for appraising the dielectric properties of nano-
materials. In a luminescent nanocomposite, the luminescence perfor-
mance can be well regulated by the dielectric confinement effect [18]. 

Previous research reports showed [17], the dielectric constant of Mt 
is less than 5.00, and the dielectric loss is less than 0.002. As shown in 
Fig. 11, the dielectric constant of YF3:Eu3+ nanoparticles was less than 
50.00, and the dielectric loss was less than 3.00. As frequency is abated, 
its dielectric constant and dielectric loss does not change significantly. It 
can see in Fig. 11, the dielectric constant and dielectric loss of the 
Mt/YF3:Eu3+ nanocomposite improved. Which is that the interface po-
larization effect occurs at the interface of Mt and YF3:Eu3+, so raised the 
accumulation of electrons at the interface. As frequency increased, the 
dielectric constant and dielectric loss factor gradually decreased. The 
results showed that the interface of Mt/YF3:Eu3+ nanocomposite pro-
duced a strong dielectric confinement effect, thus will optimized the 
luminescence property of the Mt/YF3:Eu3+ nanocomposite. 

It has been shown that the exciton binding energy can be regulated 
by dielectric confinement effect. The difference in the dielectric constant 
between the rare earth luminescent material (YF3:Eu3+) and the mineral 
carrier (Mt nanosheet) will increase the influence of the dielectric 
confinement effect on the exciton binding energy [31]. Mt with low 
dielectric constant and less polarizable reduces the shielding effect of the 
hole-electron Coulomb interaction of YF3:Eu3+, resulting in an increase 
of the exciton binding energy of YF3:Eu3+. Theoretically, the correlation 
among Eb of 3D (3 Dimensions) excitons and dielectric constant of 2D (2 
Dimensions) carrier, is expressed by the following equation [32]: 

E3D
b =

1
4

(
εω

εb

)− 2

E2D
b (5)  

where εw and εb are the dielectric constants of YF3:Eu3+ luminescent 
material and Mt nanosheet, respectively. E3D

b represent the exciton 
binding energy of the corresponding 3D rare earth luminescent material. 
E2D

b represent the exciton binding energy of the corresponding 
2D Mt carrier. According to eq. (5), the increase in εb and or the 

decrease in εw would lead to an increase in the 3D exciton binding en-
ergy. The luminescent intensity of YF3:Eu3+ nanoparticles may thus be 
further enhanced by enlarging the dielectric contrast between the YF3: 
Eu3+ nanoparticles and Mt. 

According to the above analysis, the main reasons for the Mt- 
enhanced YF3:Eu3+ luminescence performance are as follows: (1) Mt 
could weakened or reduced the surface lattice distortion, surface group, 
and surface defects of YF3:Eu3+, so removed the surface negative effects 
of the luminescence properties of Mt/YF3:Eu3+ nanocomposite thereby 
improved the luminescence intensity and quantum yield of YF3:Eu3+. At 
the same time, it can eliminate the interference of the external envi-
ronment to Eu3+, then enhance the emission intensity of YF3:Eu3+. And 
more importantly, the surface confinement effect of Mt reduced the 
particle size of YF3: Eu3+ nanoparticles and improved dispersibility. The 
changing of the surface state (the decreasing of particle size and 
increasing of surface area) of YF3: Eu3+ nanoparticles enhanced signif-
icantly the emission intensity of Mt/YF3:Eu3+ nanocomposite. (2) It can 
be seen from the results of the band gap and Urbach tail energy, the 
interface effect between Mt and YF3:Eu3+ nanoparticles narrowed down 
the band gap and increased local defect state at interface, thereby 

Fig. 5. Infrared spectrum of Mt, YF3:Eu3+ and Mt/YF3:Eu3+ nanocomposite.  
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change the crystal field of Eu3+ which could lead to boosted the lumi-
nescence intensity of Mt/YF3:Eu3+ nanocomposite. (3) When the dif-
ference between the dielectric constant of Mt and YF3:Eu3+ is large, the 
dielectric confinement effect is stronger. The analytic result of dielectric 
performance showed that the interface of Mt/YF3:Eu3+ nanocomposite 
produced a strong dielectric confinement effect. The dielectric 
confinement effect enhanced the hole-electron Coulomb interactions 
while improved the exciton binding energy and oscillator strength, 
thereby enhanced the luminescence intensity of Mt/YF3:Eu3+ nano-
composite. At the same time, the dielectric confinement effect is 
weakened the spatial domain energy between the electron-hole pair (the 
main factor producing the quantum size effect), that is, the energy 
changing caused by the surface effect is greater than that caused by the 

space effect, so that the energy band gap is reduced. The dielectric 
confinement effect can effectively improve the exciton recombination 
rate thereby improve the luminescence intensity. However, the higher 
electron-hole Coulomb force caused by the strong dielectric confinement 
effect will seriously affect the local homogeneity of the carrier inside the 
material; it will also rapidly enrich the carriers, and then the local carrier 
concentration of Mt/YF3:Eu3+ nanocomposite is higher than YF3:Eu3+ at 
the same excitation intensity. Moreover, dielectric confinement effect 
can also significantly affect the Auger recombination rate of Mt/YF3: 
Eu3+ nanocomposite, which can regulate the quantum yield and fluo-
rescence lifetime [33]. Auger recombination refers to the corresponding 
recombination process of Auger transition. Auger effect is a 
three-particle effect. When electrons and hole recombination, the energy 

Fig. 6. XPS spectra (A) XPS survey spectra of Mt, YF3:Eu3+ and Mt/YF3:Eu3+ nanocomposite and High-resolution Si 2p (B), Al 2p (C), Mg 1s (D), Eu 3d (E), Y 3d (F), 
O 1s (G), F 1s (H). 
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or momentum is transferred by collision to another electron or another 
hole, and the recombination process that causing the electron or hole 
transition is called Auger recombination. According to the reported 
literature, the dielectric confinement effect between Mt and YF3:Eu3+

nanoparticles could enhanced the local field strength of the crystals, 
thereby will boosting the luminescence property of the YF3: Eu3+

nanoparticles. Owing to the influence of the crystal field in the solid 
material system, only the rare earth ions (Eu3+) doped in the matrix 

Fig. 7. Fluorescence spectra of Mt/YF3:Eu3+ nanocomposites: Excitation (A) and emission (B) spectra of Mt/YF3:Eu3+ and YF3: Eu3+.  

Fig. 8. Fluorescent decay curves of 5D0-7F2 (595 nm) for Eu3+.  

Fig. 9. (A) UV–vis spectra of Mt, Mt/YF3:Eu3+ and YF3:Eu3+ nanocomposite; (B–D) DRS spectra of YF3:Eu3+, Mt/YF3:Eu3+and Mt nanocomposite with the corre-
sponding plots of [F(R∞)hv]2 versus hv. 

H. Peng et al.                                                                                                                                                                                                                                    



Ceramics International 49 (2023) 34119–34128

34127

lattice were excited to produce radiation transitions. But the rare earth 
ions (Eu3+) exposed on the surface of the matrix material or close to the 
surface of the matrix material were difficult to be excited [21]. The 
combination Mt and YF3: Eu3+could enhance the intensity of the local 
field on the surface of matrix (YF3), thus the rare earth ions (Eu3+) on the 
matrix surface are activated and become easily excited, thereby 
increased the concentration of exciting state rare earth ions (Eu3+) [22], 
and then enhanced the luminescence intensity of Mt/YF3:Eu3+ nano-
composite. Compared with the method of enhancing the luminescent 
property of rare earth luminescent materials through the doped method 
and core–shell structure strategy [23,27], the method of Mt as the car-
rier is more suitable for optimizing luminescent property of rare earth 
luminescent materials. 

4. Conclusions 

Novel silicate clay minerals-based Mt/YF3:Eu3+ nanocomposites 
were prepared by one step precipitation method. The combination of Mt 
and YF3: Eu3+ not only gives Mt to luminescence properties but also 
optimized the luminescence intensity, quantum yield and lifetime of 
YF3: Eu3+ nanoparticles by regulate their size, exciton binding energy 
and band gaps. A new type of Mt/YF3: Eu3+ nanocomposite have 
application prospects in lighting lamps, displays, imaging and drug de-
livery fields. The preparation method is simple process, high yield, and 
mild reaction conditions. This research provided a new method for the 
preparing a new type of silicate clay minerals-based nanocomposites. 
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