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Abstract  
In this work, it was studied the performance of YVO4:Eu3+ nanoparticles (NPs) synthesized and functionalized and the 

development of polymeric nanocomposites (PNCs) YVO4:Eu3+/PMMA for Fiber-optic Dosimetry.  

The NPs were synthesized by a combustion method. Results of XRD and Fluorescence Spectroscopy confirmed the identity 

of YVO4:Eu3+. SEM images revealed that ≈55% of NPs had a particle size between 50-200 nm. Two functionalization 

strategies were evaluated: i) using 3-(trimethoxysilyl)propyl methacrylate as coupling agent and ii) covering with SiO2 and 

subsequent treatment with oleic acid. In both cases, FTIR and DLS analysis confirmed the presence of these compounds.  

In addition, PNCs were synthesized. The polymerization kinetics of methyl methacrylate and the development of films based 

on these PNCs were studied. Preliminary results indicate that PNCs with YVO4:Eu3+ NPs functionalized with the silane 

coupling agent have a better performance for this technological application. 
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Introduction  
Radiation therapy is one of the most common and used cancer treatments. It aims to control or stop tumoral 

tissue growth through the interaction of ionizing particles with damaged cells. However, it also produces 

inevitable complications in healthy tissues. For this reason, it is of interest to directly measure the energy of 

ionizing radiation deposited in the tumor and surrounding areas employing suitable sensors [1]. While there 

are many types of radiation detectors on the market, only a few meet the required technical specification. 

Research groups around the world are looking for alternatives. One of the most promising is an innovative 

technique called Fiber-optic Dosimetry (FOD). FOD allows in vivo measurements of dose rate applied using 

a small scintillator attached to the end of an optical fiber. When the scintillator is irradiated with high-energy 

beams, the Radioluminescence (RL) emitted is in general proportional to the dose rate absorbed by the 

phosphor [2]. 

The scintillator could be either an organic or inorganic phosphor. Despite the particular application, phosphor 

materials convert ionizing radiation into visible radiation [3]. When a phosphor material returns to ground 

state after being excited, it emits ligth with a characteristic wavelength related to the chemical structure's 

identity. 

YVO4:Eu3+ is a red emitter phosphor commercially available as micrometric powder due to its high 

luminescence efficiency under electron-beam excitation [4]. The feasibility of using micrometer YVO4:Eu3+ 

as FOD detector has been demonstrated [5]. However, it is non-tissue equivalent, which means that its 

interaction with ionizing radiation is different from human tissues. This disadvantage could be addressed if 

YVO4:Eu3+ is dispersed as nanometric particles in a tissue equivalent matrix like polymethyl methacrylate 

(PMMA). 

In general, inorganic nanoparticles (NPs) inside polymeric matrices are involved in processes of 

agglomeration and segregation. A commonly used strategy to avoid these effects is the functionalization of 

NPs surfaces with ligands related to the polymeric matrix. Silanes, carboxylic acids and ionic liquids are 
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compounds used as coupling agents. Further, in-situ polymerization is a technique used to obtain polymeric 

nanocomposites with homogeneous nanoparticle dispersion. It involves monomer polymerization in the 

presence of the NPs. This strategy allows a better distribution of NPs in the final matrix. 

The objective of this work is to develop luminescent polymeric nanocomposites (PNCs) of YVO4:Eu3+ in 

polymethyl methacrylate (PMMA) by in-situ polymerization. NPs were synthesized by a combustion method 

and functionalized through two strategies: i) using a silane coupling agent and ii) with a shell of SiO2 and 

oleic acid. PCNs were synthesized in bulk using a cyclic diethylketone triperoxide as initiator. 

  

Experimental  
Synthesis 

YVO4:Eu3+ nanoparticles were synthesized by a combustion method as previously reported [6]. Samples 

were annealed at 1000ºC and characterized by X-Ray Diffraction (XRD), Fourier Transform Infrared 

Spectroscopy (FTIR), Transmission Electron Microscopy (TEM), Scanning Electron Microscope (SEM) and 

Fluorescence Spectroscopy. 

Functionalization 

Nanoparticles functionalization was carried out by two techniques: 

i) with 3-(Trimethoxysilyl)propyl methacrylate (TMSPM) as a silane coupling agent [7]: 50 mg of 

YVO4:Eu3+ NPs were added to a solution of 10 μL of TMSPM in 3 mL of ethanol (previously hydrolyzed 

in NH4OH medium). The reaction took place at 50ºC for 2.5 hs with magnetic stirring. Then, five more 

milliliters of ethanol were added and left at 70ºC under reflux for 4 hs. NPs were recovered by centrifugation 

at 6000 rpm for 5 min and then washed with ethanol twice. After that, they were dried in an oven at 80ºC 

for 4 hs. They were called "YVO4:Eu3+@TMSPM". 

ii) with a shell of SiO2 and oleic acid (OA) [8]: SiO2 shell was synthesized by Stöber method according to 

[9]. After that, 50 mg of YVO4:Eu3+@SiO2 NPs were introduced in a solution containing 56 μL of OA in 5 

mL of hexane. The reaction took place at 60ºC under magnetic stirring for 5 hs. NPs were recovered by 

centrifugation at 6000 rpm for 5 min and then washed with isopropyl alcohol twice. After that, they were 

dried in an oven at 100ºC for 24 hs. They were called "YVO4:Eu3+@SiO2@OA". 

Samples were characterized by Fourier Transform Infrared Spectroscopy (FTIR), Transmission Electron 

Microscopy (TEM), Dynamic Light Scattering (DLS), Radioluminescence (RL). 

Polymerization 

Bulk polymerization of Methyl Methacrylate (MMA) with YVO4:Eu3+ nanoparticles was carried out using 

a cyclic diethylketone triperoxide (3,3,6,6,9,9 -hexaethyl- 1,2,4,5,7,8- hexaoxacyclononane, DEKTP) as 

initiator [10]. Stock solutions of DEKTP in MMA (0.01 mol L-1) and 0.1% m/v of NPs were dispersed in an 

ultrasonic bath. After that, Pyrex glass tubes (10 cm length x 4 mm i.d.) half filled with the previously 

prepared solutions were degassed under vacuum at -196 ºC (liquid nitrogen bath) then sealed with a flame 

torch. The ampoules were immersed in a thermostatic silicone oil bath at 130ºC (± 0.1 ºC) and removed after 

predetermined times, stopping the reaction by cooling them in an ice-water bath (0 ºC). Purification of the 

obtained PNCs was carried out by dissolution in tetrahydrofuran and precipitation in methanol. Kinetics 

studies were developed with gravimetric technique, calculating the % conversion of each ampoule from the 

difference between mass of initial and residual monomer (after purification). Mass of residual monomer 

were calculated throw the mass of polymer obtained. 

Films were produced by casting. Around 200 mg of each PNC were dissolved in 5 mL of benzene. The 

solution was inserted in a petri dish (5 cm diameter) and dried in a vacuum drying oven at 30ºC to constant 

weight. They were characterized by Photoluminescence (PL).  

Results and Discussion  
The XRD pattern of the synthesized sample shows narrow and intense peaks, indicating good crystallinity 

(Fig. 1a). A single crystalline phase corresponding to YVO4 is identified. All peaks recorded are in good 

agreement with those reported in pattern 9009764 and no changes are observed due to doping with Eu3+. In 

SEM images (Fig. 1b) it can be seen that nanoparticles are agglomerated but have an apparently homogenous 

morphology with polyhedral shape. As previously reported [6] around 55% of NPs have particle sizes in the 

range 50-200 nm. 
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Figure 1. a) XRD pattern of YVO4:Eu3+ NPs. b) SEM image corresponding to YVO4:Eu3+ NPs 

Fig. 2a shows the emission spectra of YVO4:Eu3+ synthesized in this work compared to micrometric 

commercial sample, both normalized with respect to sample weight. The shapes of both spectra fairly match. 

The observed emission peaks can be assigned to characteristic transitions of Eu3+ cation. 

 
Figure 2. a) YVO4:Eu3+ emission spectra (λex 271 nm) b) YVO4:Eu3+ NPs irradiated with UV lamp (254 nm). 

Infrared spectra of naked and functionalized NPs are shown in Fig. 3a. Peaks in the spectrum corresponding 

to naked NPs agree with those reported in [11,12]. Signals located at 450, 1600, 1080 and 3400 cm-1 in the 

YVO4:Eu3+@SiO2@OA can be likely assigned to SiO2 shell [9], which is also confirmed by TEM (see Fig. 

3b). On the other hand, shifts in baseline and low intensity peaks in functionalized NPs spectra could be 

related to the presence of coupling agents (TMSPM and OA in each case). However, more studies are needed 

to confirm this evidence.  

 

 

 

 

 

 

 

 

Figure 3. a) FTIR spectra of YVO4:Eu3+ NPs (naked and functionalized). b) TEM image YVO4:Eu3+@SiO2 
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In order to deep inside the characterization of the modified and unmodified NPs and to detect possible 

changes on the surfaces of NPs after functionalization treatments, DLS measurements were performed. 

Hydrodynamic Diameter (Dh) and Z Potential (Z-Pot) are shown in Table 1. 

Table 1. DLS measurements of functionalized and naked NPs 

Sample Dh (nm) (± S.D.) Z-Pot (mV) (± S.D.) 

YVO4:Eu3+ 743.7 (100.6) -40.0 (0.5) 

YVO4:Eu3+@TMSPM 1675 (277.6) -26.6 (0.6) 

YVO4:Eu3+@SiO2 1000 (91.6) -44.8 (0.6) 

YVO4:Eu3+ @ SiO2@AO 997.8 (66.7) -43.2 (1.7) 

Measurements were carried out using 0.1% w/v of NPs in aqueous dispersions, at 25ºC.  

Dh and Z-Pot data obtained by DLS showed significant differences between functionalized and naked NPs 

in aqueous dispersions (see Table 1). These significant differences suggest the successful incorporation of 

the coupling agents, modifying the surface of NPs. This information complements the FTIR analysis 

performed.  

In addition, RL measurements were carried out to determine if the scintillation yield changes with the 

modifications of NPs surfaces. The samples were irradiated with electrons from a 100 mCi 90Sr source and 

the RL intensity was measured by means of a bialkali photomultiplier. Results indicated that, in all cases, 

RL intensity decreases due to the presence of coupling agents. However, in YVO4:Eu3+@TMSPM the 

intensity reaches 85% of the intensity of naked YVO4:Eu3+ (vs. just a 40% in YVO4:Eu3+ @ SiO2@AO NPs). 

After confirming the functionalization of NPs from both strategies, polymerizations were carried out. In 

order to assess whether the presence of NPs and their surface characteristics affect the polymerization rate 

of MMA, kinetics studies at 130°C were performed (Fig. 4). 

 
Figure 4. Polymerization kinetics of MMA in the presence of 0.1 wt% of YVO4:Eu3+ NPs at 130ºC. 

At 60 min, conversion levels are around 100% despite the presence and characteristics of NPs. However, it 

is apparent from the figure that at intermediate times significant differences in the % conversion are achieved. 

The presence of functionalized NPs decreases polymerization rate in an intermediate conversion range. This 

fact could be related to interactions between the NPs and some other reactive species in the system.  

PNCs were dissolved in benzene and films were obtained by casting (Fig. 5a). The films were exposed to 

UV light in order to visually assess homogeneity of fluorescence and particle aggregation. At the top, a 

picture of the film with YVO4:Eu3+@TMSPM NPs under irradiation with UV lamp is shown. It presents 

relatively homogeneous emission with no visible particle aggregation. At the bottom, a picture of the film 

with YVO4:Eu3+@SiO2@OA exposed to UV light is also shown. There, NPs seem to have a weaker 

fluorescence emission. It is probably due to the weaker intensity emission of these NPs and also to NPs 

agglomeration, which is visible to the naked eye. 
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Figure 5. a) Films of functionalized YVO4:Eu3+/PMMA obtained by casting: with YVO4:Eu3+@TMSPM 

(up) and b) with YVO4:Eu3+@SiO2@OA (down). Irradiation with UV lamp (254 nm) b) Emission spectra 

of films with each type of NPs (λexc 300 nm) 

Emission spectra of the films were obtained under UV excitation (Fig. 5b). All peaks observed are related to 

NPs, actually are characteristic of transitions associated to Eu3+ cation. As observed in Fig 5a, fluorescence 

intensity of film with YVO4:Eu3+@TMSPM NPs is higher than intensity of the one with 

YVO4:Eu3+@SiO2@OA (peak located at 620 nm is almost 2.7 times higher in film with 

YVO4:Eu3+@TMSPM NPs). 

Conclusions  
All experiments and results presented in this work allow affirming that YVO4:Eu3+ NPs were successfully 

synthesized and functionalized. Concerning functionalization, two different strategies were evaluated: a 

silane coupling agent and a shell of SiO2 with a posterior treatment with oleic acid. Differences between 

them were observed in DLS experiments, RL measurements, polymerization kinetics and the development 

of cast films and their emission spectra. These results suggest that YVO4:Eu3+@TMSPM NPs are a better 

option for the synthesis of PNCs to be used as scintillators. This result could be related to the fact that 

TMSPM has a tail with a methacrylic group that matches with the monomer. It possibly promotes a good 

dispersion of the NPs in the polymeric matrix, thus improving the spatial homogeneity of luminescence 

emission. 
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