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  NaYF4:Yb, Er is one of the efficient and well-known upconverting materials which emit photoluminescence 

light at 545 nm and 660 nm under an excitation of 980 nm. In this study, up-conversion nanoparticles using 

the thermal decomposition method have been synthesized and characterized, and phase transition from 

organic to aquas by synthesis of a SiO2 shell has been done successfully. The results show that the nonlinearity 

response of NaYF4: Yb, Er@SiO2 is the same as NaYF4: Yb, Er, and SiO2 does not affect emission peaks. It 

means that these nanoparticles are suitable for biomedical applications. Since it is necessary to know the 

photoluminescent behavior of UCNPs@SiO2 particles, thereby the fluorescence properties of up-conversion 

nanoparticles with SiO2 shell have been investigated in PBS, normal, and cancerous human blood plasma. 

The results indicate that UCNP@SiO2 can be applicable in biological media for therapy and diagnosis. 
 

 

 

 

 

 

 

I. INTRODUCTION 

 

Up-conversion nanoparticles (UCNPs) are an 

emerging type of luminescent nanomaterials 

that can convert low-energy photons into high-

energy ones through nonlinear optical 

processes [1], which makes them ideal for a 

wide range of applications, including 

bioimaging [2], therapy [3], detection [4], 

sensing [5], energy [6] and catalysis [7]. The 

Up-conversion photoluminescence 

phenomenon occurs when there are electronic 

transitions between 4f orbitals within a single 

lanthanide ion. These transitions have wave 

functions that are localized within the ion. The 

4f electrons are shielded by the outer 5s and 5p 

shells, resulting in sharp emissions resembling 

lines. Typically, the intra-4f electronic 

transitions of lanthanide ions are forbidden 

electric dipoles according to quantum 

mechanical selection rules. However, these 

rules can be relaxed due to the local crystal 

field-induced intermixing of the f states with 
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higher electronic configurations. The primary 

reason for the forbidden nature of the 4f–4f 

transition is its long lifetime. Energy levels of 

lanthanide ions have very long lifetimes, often 

lasting up to tens of milliseconds. This extended 

lifetime promotes sequential excitations to 

occur. [8]. An up-conversion system contains 

ions of absorber and activator that can emit 

visible or ultraviolet photons by energy transfer 

mechanisms. The dopants, such as Yb and Nd 

ions can efficiently absorb near-infrared (NIR) 

light and ions activator such as Er, Tm, Ho, etc. 

However, the biological applications of UCNPs 

are limited by their stability and compatibility 

in physiological environments, such as 

biological fluids or tissues [9]. To overcome the 

limitations of UCNPs, researchers have 

developed various surface modifications that 

can improve their stability and biocompatibility 

[10].  

Usually in thermal decomposition for the 

synthesis of UCNPs organic solvents and 

surfactants are used, which can strongly bind to 

the surface of UCNPs and stabilize them in the 

organic solvents. For transferring the particles 

to water, the hydrophobic surface coating needs 

to be replaced with a hydrophilic surface 

coating, which can be accomplished by ligand 

exchange or coating [11]. The coating is one of 

the best methods of surface modification, which 

involves the deposition of a thin layer of a 

hydrophilic material such as silica, polymers, 

and PEG on the surface of the UCNPs [12]. 

This can be done by chemical deposition, 

electrostatic coating, or physical adsorption 

methods. One promising approach is to 

encapsulate UCNPs with dense silica shells 

(dSiO2), which can prevent their degradation 

and enhance their dispersibility while 

minimizing their toxicity [13]. 

SiO2 is a good material that is safe for use in 

living organisms and can be used to form a 

protective coating around nanoparticles. This 

coating can prevent the nanoparticles from 

breaking down or sticking together, and can 

also be used to deliver drugs to specific parts of 

the body. The SiO2 coating can be formed using 

a chemical process such as sol-gel, which 

involves the use of a silicon alkoxide precursor 

such as tetraethyl orthosilicate (TEOS) [14], 

[15]. SiO2 coatings not only can improve the 

biocompatibility of the nanoparticles but also 

reduce the side effects. This makes SiO2-coated 

nanoparticles useful for biomedical 

applications such as imaging and drug delivery. 

Consequently, the use of SiO2 coatings for 

nanoparticles provides several benefits, 

including improved solubility, stability, and 

biocompatibility, making them a promising 

material for a range of applications. However, 

for using UCNPs shelled by SiO2, there are still 

gaps in understanding how SiO2 shells affect 

the properties of UCNPs when used in a 

biological medium [16]. Therefore, in this 

study, two important points are investigated. 

The first one: up-converted fluorescence of 

UCNP@SiO2 in water and phosphate-buffered 

saline (PBS). The second one: how the 

formation of protein corona around 

UCNPs@SiO2 in normal and cancerous human 

blood plasma affects the upconversion 

fluorescence properties of this system. 

 

II. MATERIALS AND METHODS  

 

Synthesis of up-conversion nanoparticles 

shelled by SiO2: 

Lanthanide acetate hydrates such as 

Y(CH3CO2)3, Er(CH3CO2)3 (99.9%) and 

Yb(CH3CO2)3 (99.9%). 1-Octadecene (90%) 

and oleic acid (90%) were purchased from 

Sigma Aldrich. Moreover, NH4F (96%), NaOH 

(96%), and solvents, such as methanol, ethanol, 

acetone, hexane, and cyclohexane, were 

obtained from Merck Chemical Co. All 

chemicals were used as-received without 

further purification. 

UCNPs were synthesized using a co-

precipitation method [17]. In brief, Yb, Er, Y 

acetate salts, oleic acid, and 1-octadecene as 

surfactants were mixed and heated to 150°C 

under argon. After reaching thermal 

equilibrium, a methanolic solution of NaOH 

and NH4F was added into the flask, after 

removing methanol by vacuum and heating at 

70 °C for 15 min, the mixture was heated up to 
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300 °C for 10 min and maintained for 1 hour. 

The resulting nanoparticles were purified by 

centrifugation, washed with ethanol, and 

dispersed in hexane for further steps.  

To synthesize UCNPs shelled by SiO2, a 

mixture of cyclohexane and IGEPAL is 

sonicated, followed by the addition of 

nanoparticles and continued sonication, as well 

as stirring. To the product of the previous step, 

ammonia is gradually added and left to stir for 

half an hour. The addition of TEOS is then done 

dropwise followed by 48 hours of stirring under 

room temperature and reflux conditions. The 

product is moved to two tubes and ethanol and 

acetone are added, sonicated, and centrifuged. 

The solution is then re-washed with a mixture 

of ethanol and deionized water. The final 

product is dispersed and stored in deionized 

water. 

Phosphate-buffered saline (PBS) was prepared 

by dissolving NaCl, KCl, Na2HPO4, and 

KH2PO4 in distilled water at pH 7.4. Normal 

human blood plasma was obtained from healthy 

donors who provided informed consent. The 

blood samples were collected in sterile tubes 

containing citrate as an anticoagulant and were 

centrifuged at 3000 rpm for 15 minutes to 

obtain the plasma. 

The morphology, size, and chemical 

composition of the UCNPs were characterized 

by transmission electron microscopy (Zeiss 

EM900 transmission electron microscope). The 

fluorescence properties were measured by a 

spectrophotometer. 

Sample preparation and analysis techniques: 

To investigate the protein corona formation and 

fluorescence properties of UCNPs shelled by 

SiO2 in PBS and normal human blood plasma, 

the nanoparticles were added to the solutions 

and incubated at 37°C for different time 

intervals and the emission was monitored. 

 The fluorescence properties were measured 

using the laser diode of 980 nm (MDL-980 

from CNI Laser) as a CW excitation light 

source and a 400 μm core diameter optical fiber 

guided the light to the sample. A power meter 

(Ophire Nova II) was used for recording the 

excitation power; the excitation power density 

was calculated by the total measured power 

over the beam profile and the measured beam 

width. The luminescence emission was 

measured at an angle of 90° to the excitation 

path by Avantes spectrometer (Avaspec 

2048Tech) collected using a 400 μm core 

diameter optical fiber (Sma400-Avantes) from 

the cuvette. 

III. RESULTS AND DISCUSSION 

 

The TEM image of UCNPs and nanoparticle 

size distribution in Fig. 1 shows nanocrystals 

having an average size of 28.4 nm. As is shown 

in Fig. 2 according to the dynamic light 

scattering (DLS) diagram of UCNPs@silica, 

achieving a shell thickness of approximately 50 

nm is evident. 

 
Fig. 1 TEM image and distribution size of UCNPs 

colloidal suspension. 

 
Fig. 2 The distribution size diagram of UCNP@SiO2 

(by DLS) 

Figure 3 shows the up-conversion 

luminescence spectrum and the schematic of 
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the energy levels of Yb3+ as a NIR absorber and 

Er3+ as an activator and allowed energy 

transitions. The PL spectrum of NaYF4:Yb, 

Er@dSiO2 has two  

 

main peaks, green and red, which are related to 
4S3/2 → 4I15/2 and 4F9/2 → 4I15/2 transitions.  

 

Table 1 Styles of different parts of the manuscript 

emission wavelength 
Radiative 

transition 

anti-

Stokes 

shift 

green 455 
2H11/2 , 4S3/2 

 
→ 

4I15/2 
436 nm 

red 666 4F9/2 

 
→  4I15/2 026 nm 

blue 564 2H9/2 

 
→  4I15/2 472 nm 

 

PL spectra of NaYF4:Yb, Er is a nonlinear 

process, and also for NaYF4:Yb, Er@dSiO2 PL 

intensity is dependent on excited power. Figure 

3 shows the emission spectrum of up-

conversion nanoparticles with a dense silica 

shell regarding change in the excitation power. 

The silica-packed layer also does not affect the 

optical response of nanoparticles. In addition to 

the hydrophilicity of the surface, the silica-

packed layer also protects it. The stability of 

this structure is also long (three months under 

review). 

 

Fig. 3 Upconversion light emission spectrum of 

UCNP@dSiO2 under 980 nm excitation at different 

powers. 

A very important issue before dealing with any 

aspect of the application of nanoparticles in the 

biological environment is that as soon as the 

nanoparticles enter the biological environment, 

their surface is surrounded by the proteins of the 

environment and a unique aura of proteins sits 

on the surface of the nanoparticles. After 

intravenous injection, blood is the first 

biological environment that nanomaterials see. 

Blood plasma contains more than 3,700 types 

of proteins. What happens with the presence of 

nanoparticles in blood plasma is the 

competition between different molecules to 

surround the surface of nanoparticles. 

Worman's effect states that initially, proteins 

with higher concentrations in the blood adhere 

to the surface of nanoparticles. Over time, 

however, other proteins with a greater affinity 

for absorption replace them. This phenomenon 

leads to changes in the nanoparticle surface 

within the biological environment. 

Consequently, the nanoparticles exhibit new 

responses, which are dependent on their altered 

form and are referred to as corona protein. In 

this study, the emission behavior of synthesized 

UCNP@SiO2 in the biological environment 

and the formed corona are presented as a basis 

for all future biological studies with these 

materials. The up-conversion light emission 

spectrum of UCNP@dSiO2 in healthy human 

blood plasma in figure 4 shows there is no 

change in peaks rather than UCNP@dSiO2 in 

water. this is promising for applications of 

UCNP@SiO2. 

 
Fig.4 Up-conversion light emission spectrum of 

UCNP@dSiO2 in healthy human blood plasma under 

980 nm. 
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In Fig. 5, a comparison of the up-conversion 

light emission spectrum of UCNP@dSiO2 in 

BPS, healthy human blood plasma, and 

cancerous human blood plasma is presented. 

The peak positions remain constant across all 

samples, indicating stability. Additionally, 

since the concentrations of nanoparticles and 

blood plasma were the same in both healthy and 

cancerous conditions, it can be inferred that the 

corona protein formed in the cancerous 

environment leads to a greater decrease in the 

release of nanoparticles compared to the 

healthy environment. This observation 

highlights the potential utility of this 

phenomenon as a rapid diagnostic method for 

cancer. 

 

Fig. 5 comparison of upconversion light emission 

spectrum of UCNP@dSiO2 in BPS, healthy and 

cancerously human blood plasma under 980 nm. 

The formation of a corona on nanoparticles in 

human blood plasma may be influenced by 

various factors. While it is commonly assumed 

that nanoparticles quickly become coated with 

a layer of proteins and other biomolecules upon 

introduction into the bloodstream, the results of 

our study do not definitively support this 

assumption. Further investigation is needed to 

clarify the dynamics and factors influencing 

corona formation on nanoparticles. As time 

passes, the composition of the protein corona 

can change due to interactions with other 

components in the bloodstream. For example, 

some proteins may dissociate from the 

nanoparticle surface and be replaced with other 

proteins, leading to changes in the overall 

structure and properties of the corona. In 

addition, understanding the effect of time on the 

formation of the protein corona is important for 

developing safe and effective nanoparticles for 

medical applications. By studying the kinetics 

of protein corona formation, researchers can 

gain insights into how to optimize nanoparticle 

design to minimize immune system recognition 

and improve their effectiveness as drug delivery 

vehicles. Corona protein formation is unique 

for each type of nanoparticle and is formed with 

its own dynamics.  

In the next step, the nanoparticles were injected 

into the plasma, the spectrum was taken within 

5 minutes. The interesting point is that within 

100 minutes, each of the peaks did not change 

appreciably, and this means that the 

nanoparticles are surrounded by corona protein 

as soon as they are in the plasma environment, 

and finally, the formation of hard and soft 

corona has an effect on the spectrum over time. 

 
Fig. 6 Peak intensity versus time of corona protein 

formation. 

In Fig. 6, from the moment of injection to 100 

minutes later, the intensity changes of each of 

the 408 nm, 541 nm, and 655 nm peaks can be 

seen. After 100 minutes, the excess plasma was 

removed and after centrifugation, the spectrum 

was taken. The results show a decrease in the 

intensity of the green and red peaks, which can 

be partly due to the loss during filtration and the 

loss of nanoparticles. But the increase of the 

408 nm peak is due to the removal of the 

ambient plasma because it absorbs in this 

region. Also, the light emission spectrum of 
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both blue and green emitting nanoparticles was 

investigated in the presence of healthy and 

cancerous human plasma. Corona protein of 

healthy and cancerous samples did not show 

any special change except for a slight drop. This 

result indicates that even in the presence of 

cancer samples, nanoparticles have not lost 

their light-emitting properties and can be used. 

 

IV. CONCLUSION 

Based on other studies, we know that the SiO2 

shells can stabilize UCNPs and prevent their 

aggregation or decomposition in water. In this 

work, UCNP@SiO2 in PBS and normal and 

cancerous human blood plasma have been 

studied. Results showed that the fluorescence 

behavior of UCNPs no changed by the effect of 

the formation of protein corona in human and 

cancerous blood plasma and UCNP@SiO2 can 

be applicable in biological media for therapy 

and diagnosis. 
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