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Abstract: Introduction: Rare earth-doped Upconverting Nanoparticles (UCN's) can con-
vert near-infrared photons into visible photons via multiphoton processes, which makes it a 
good material for generating white light. The production of luminescent materials for tech-
nology applications focuses on controlling powder characteristics such as chemical homo-
geneity and low impurity levels.  

Objective: In this research study, we synthesized Er3+ (1%) Tm3+ (1%) Yb3+ (at different 
percentages) by co-doping Y2O3 NPs, using the Controlled-Pressure Hydrothermal Method 
(CPHM), with nitrogen. The ratio used was chosen to conduct a detailed photolumniscence 
analysis. 

Methods: Samples of Y2O3: Er3+ (1%) Tm3+ (1%) Yb3+ (at 1.5%, 2%, and 2.5%) were pre-
pared using the controlled-pressure hydrothermal method (CPHM). Each solution was 
transferred into a mini-clave drive Büchiglasuster with an inner Teflon vessel. In this case, 
the mini-clave was heated at 190°C for 3 h, and nitrogen was used to control the pressure. 
The initial pressure was 20 bars; it was increased during the process to 42 bars. The pow-
ders obtained were washed with distilled water using centrifugation at 4000 rpm for 15 
min. The washed product was dried to 120°C, followed by subsequent heat treatment at 
1000°C for 5 h. 

Results: The representative XRD patterns for the Y2O3: Er3+ (1%) Tm3+ (1%) and Yb3+ (at 
1.5%, 2%, 2.5%) doped samples confirms the presence of a cubic Y2O3 crystal structure. 
Scanning Electron Microscope (SEM) images show that the morphology of these particles 
is spherical. Upconversion photoluminescence spectra of Y2O3:Er3+ (1% mol) Tm3+ (1% 
mol) Yb3+ (1.5% mol), Yb3+ (2.0% mol), and Yb3+ (2.5% mol), after 908-nm excitation. 
Blue, green, and red bands are centred at 440 nm, 469 nm, 618 nm, and 678 nm, respec-
tively.  

Conclusion: The controlled-pressure hydrothermal method is a productive method for syn-
thesizing rare earth-doped and codoped Y2O3; when Er3+, Yb3+, and Tm3+ ions are intro-
duced into the host matrix, they do not cause any changes in the cubic structure nor influ-
ence the crystal structure. This method can used to synthesize any type of nanoparticle, be-
cause it involves low pressure (10-20 bars), low temperatures, and short time reactions. 
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1. INTRODUCTION 
The generation of white light in recent years 

has been a great challenge for large-area applica-
tions such as Light-Emitting Diode (LEDS), opti-
cal devices, electroluminescence devices, and en-
hanced solar cells. 

Rare earth-doped Upconverting Nanoparticles 
(UCN's) can convert near-infrared photons into 
visible photons via multiphoton processes, which 
makes it a good material for generating white 
light. The production of luminescent materials for 
technology applications focuses on controlling 
powder characteristics such as chemical homoge-
neity and low impurity levels [1]. Cubic Y2O3 
crystals have been investigated for a long time due 
to their high thermal conductivity, broad range of 
transparency, good chemical stability, strong 
Stark-splitting, and relatively low phonon energies 
(600 cm-1) [2, 3], which makes for the inefficient 
nonradiative relaxation of excited states. 

For visible emission. Er3+, Tm3+, Yb3+, Ho3+, 
and Pr3+ are used as activator dopants. Er3+ ion is 
the most popular and efficient ions for UC because 
the metastable levels 4I11/2 and 4I9/2 can be conven-
iently populated by commercial 980 nm and 808 
nm laser diodes, respectively. Because of the high 
absorption cross-section of Yb3+ to Er3+ ions, the 
sensitization or Er3+ ions doped materials with 
Yb3+ ions Er3+ ions, the sensitization of Er3+ doped 
materials with Yb3+ ions is a well-known method 
for increasing the optical pump efficiency [4]. For 
visible emissions, Er3+, Tm3+, Yb3+, Ho3+, and Pr3+ 
are used as activator dopants. Er3+ ions are the 
most popular and efficient ions for upconversion 
(UC) because the metastable levels 4I11/2 and 4I9/2 
can be conveniently populated by commercial 980 
nm and 808 nm laser diodes, respectively. Because 
of the high absorption cross-section of Yb3+ to Er3+ 
ions, and the sensitization of Er3+ ion-doped mate-
rials with Yb3+ and Er3+ ions, sensitizing Er3+-
doped materials with Yb3+ ions is a well-known 
method for increasing optical pump efficiency [5].  

In this research study, we synthesized Er3+ (1%) 
Tm3+ (1%) Yb3+ (at different percentages) by co-
doping Y2O3 NPs, using the controlled-pressure 
hydrothermal method (CPHM), with nitrogen. The 
ratio used was chosen to conduct a detailed pho-

tolumniscence analysis. The structure obtained 
was a cubic phase, with small particles. Under 
980-nm laser diode excitation, three upconversion 
emission bands were seen in the blue, green, and 
red regions.  

2. MATERIALS AND METHODS  
Samples of Y2O3: Er3+ (1%) Tm3+ (1%) Yb3+ (at 

1.5%, 2%, and 2.5%) were prepared using the con-
trolled-pressure hydrothermal method (CPHM) 
with the help of precursors like Y2O3 (Sigma Al-
drich 99.99%); (NH4)2HPO4 (Fluke 99%); 
Er(NO3)3.5H2O, Tm(NO3)3.5H2O, Yb(NO3)3.5H2O 
(Aldrich Chemistry 99.9%); and HNO3 (Sigma 
Aldrich 70%). Furthermore, the precursors were 
mixed with distilled water throughout the synthe-
sis procedure.  

Two solutions were synthesized. For the first, 
appropriate amounts of Y2O3, Er(NO3)3.5H2O, Tm 
(NO3)3.5H2O, and Yb(NO3)3.5H2O were dissolved 
in distilled water and in HNO3; for the second, 
(NH4)2HPO4 was dissolved in distilled water. Both 
colourless solutions were mixed with vigorous 
stirring, and the pH value was adjusted to 11 with 
a dilute NaOH solution. 

The final solution was transferred into a mini-
clave drive Büchi glas uster with an inner Teflon 
vessel. In this case, the mini-clave was heated at 
190°C for 3 h, and nitrogen was used to control 
the pressure. The initial pressure was 20 bars; it 
was increased during the process to 42 bars. The 
powders obtained were washed with distilled wa-
ter using centrifugation at 4000 rpm for 15 min. 

The washed product was dried to 120°C, fol-
lowed by subsequent heat treatment at 1000°C for 
5h. 

3. RESULTS AND DISCUSSION 
The representative XRD patterns for the Y2O3: 

Er3+ (1%) Tm3+ (1%) and Yb3+ (at 1.5%, 2%, 2.5%) 
doped samples are shown in Fig. (1). The XRD 
analysis confirms the presence of a cubic Y2O3 
crystal structure with space group Ia-3 (no. 206). 
No other phases are detectable, and small peak 
shifts in respect to pure Y2O3 are observed, indi-
cating that Er3+, Tm3+, and Yb3+ ions were effec-
tively incorporated into the host lattice [6].  
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Fig. (1). XRD patterns of Y2O3:Er3+(1% mol)Tm3+ (1% 
mol) Yb3+ (1.5% mol), Y2O3:Er3+(1% mol)Tm3+ (1% 
mol) Yb3+ (1.5% mol), Y2O3:Er3+(1% mol)Tm3+ (1% 
mol) Yb3+ (1.5% mol) by CPHM process. 

From the XRD data, we calculated the average 
crystallite size of each prepared sample, using the 
standard Debye-Scherrer equation. The sizes were ̴ 
39.79 nm for Y2O3:Er3+ (1% mol) Tm3+ (1% mol) 
Yb3+ (1.5% mol), ̴ 37.46 nm for Y2O3:Er3+ (1% 
mol) Tm3+ (1% mol) Yb3+ (2.0% mol), and ̴ 33.52 
nm for Y2O3:Er3+ (1% mol) Tm3+ (1% mol) Yb3+ -

(2.5% mol). These sizes are due to the decrease in 
bond length between the surface and interior at-
oms, the surface energy not being sufficient to 
promote the growth of the particles [7]. 

Scanning electron microscope (SEM) images 
were obtained with a Quanta 3D FEG (see Fig. 2); 
they show the samples with the highest lumines-
cence. In general, the morphology of these parti-
cles is spherical.  

Fig. (2a) shows the micrography of Y2O3:Er3+ 

(1% mol) Tm3+ (1% mol) and Yb3+ (1.5% mol). 
Here, the particle morphology resembles that of a 
sponge, with porosity in the particles that is a re-
sult of the calcination time (1000°C at 5h) [8]. The 
average size of the particles is 74 nm. The particle 
morphology in sample Y2O3:Er3+ (1% mol) Tm3+ 

(1% mol) Yb3+ (2.0% mol) (see Fig. 2b) is spheri-
cal (95 nm) and clustered. The agglomeration of 

 
Fig. (2). a) The SEM image of Y2O3:Er3+ (1% mol)Tm3+ (1% mol) Yb3+ (1.5% mol) b) Y2O3:Er3+(1% mol)Tm3+ (1% 
mol) Yb3+ (1.5% mol) c) Y2O3:Er3+(1 % mol)Tm3+ (1% mol) Yb3+ (1.5% mol) phosphors with 1000°C of heat treatment. 
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nanoparticles is usually explained as a common 
way to minimize their surface free energy [9].  

In this sample, a nanorod-like structure is ob-
served. The formation of the nanorods should be 
for the gradual increase of the Yb3+; this suggests 
that this dopant is incorporated into the crystalline 
structure, substituting for Y3+ and rearranging the 
atoms in the host lattice.  

This behaviour creates surface energy, kinetic 
changes, thermodynamics, and electrostatic inter-
actions that favour the recrystallization process 
[10]. In Y2O3:Er3+ (1% mol) Tm3+ (1% mol) Yb3+ 

(2.5% mol), the size of the particles decreases to 
86 nm.  

The CPHM enables fast nucleation of the Y2O3 
grains. Highly pure products and narrow distribu-
tions of crystalline sizes were obtained [11]. The 
pressure modified the energetic structure of the 
rare-earth-doped crystals [12], leading to an in-
crease of interparticle collisions and inducing the 
effective fusion of these particles. This phenome-
non was verified by the formation of aggregated 
particles with different morphologies, some re-
sembling nanorods and some, other nanoparticles. 

Fig. (3) shows the FTIR spectra, recorded by 
Frontier-Perkin Elmer, of Y2O3:Er3+ (1% mol) 
Tm3+ (1% mol) Yb3+ (1.5% mol), (2.0% mol), and 
(2.5% mol) at pH 11, subjected to the CPHM, after 
heat treatment to remove impurities. The peaks at 
~786 cm-1 correspond to the bending vibrations of 
the Y-O bond [13] of Y2O3. The stretching fre-
quency of Er-O is centred at 520 cm-1, correspond-
ing to the dopant ion in the host matrix [14].  

The band at 2089 cm-1, corresponding to the 
NO-

3 group, may have originated from the HNO3 
used in the synthesis. The sample shows the vibra-
tional frequencies of CO2-

3 (~1393 cm-1) and OH- 
(1630 cm-1) considerate like quenchers. The CO2 
groups at 2500cm-1 are a remnant of the heat 
treatment conducted at 1000°C [15]. 

The UC emission spectrum was analyzed with a 
908-nm laser diode, and the emission was obtained 
with Spectra-Sense software. All optical character-
izations were performed at room temperature, and 
the powders were compacted to make pellets, to 
guarantee the same degree of excitation for all of 
the material. 

 
Fig. (3). FT IR absorption spectra of the Y2O3:Er3+ (1% 
mol) Tm3+ (1% mol) Yb3+ (1.5% mol, 2.0% mol, 2.5% 
mol). 

Fig. (4) shows the upconversion photolumines-
cence spectra of Y2O3:Er3+ (1% mol) Tm3+ (1% 
mol) Yb3+ (1.5% mol), Yb3+ (2.0% mol), and Yb3+ 

(2.5% mol), after 908-nm excitation. Blue, green, 
and red bands are centred at 440 nm, 469 nm, 618 
nm, and 678 nm, respectively. Under 908-nm radi-
ation, two Yb3+ ions from S0 to S1 transferred en-
ergy to the Tm3+ energy levels 1D2→3H6 and 
1G4→3H6 [16].  

The energy of these levels, through no radiative 
decay from 3F4. The blue emission at 440 nm is 
associated with the 1G4→3H6 transition; the red 
emission can be attributed to I. 1G4 → 3F4 and II. 
3F2,3 →3H6 transitions of Tm3+; the green emission 
is associated with the 4F7/2→ 4I15/2 and 4S3/2→4I15/2 
transition of erbium.  

Er3+ ions themselves absorb incident photons; 
in the first step, with the absorption of one NIR 
photon (908 nm), the 4I11/2 level is populated. The 
excited ions at the 4I11/2 level get further excited to 
the 4F7/2 level, via the excited state absorption pro-
cess. The ions in the 4F7/2 level relax (not radia-
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Fig. (4). A) Upconversion luminescence spectra for 
fixed Er3+ (1% mol) Tm3+ (1% mol) and varying Yb3+ 

a) 2.5% mol b) 2.0% mol c) 1.5% mol B) Schematic 
energy level diagram for Er3+–Yb3+–Tm3+ energy trans-
fer system. 

tively) to the 2H11/2 and 4S3/2 levels. The UC emis-
sion corresponding to the 4F9/2→4I15/2 transition 
within Er3+ ions is also responsible for the genera-
tion of a red photon. 

In the case of the Yb3+ and Er3+ co-doped sys-
tem, excited Yb3+ ions prefer to transfer their en-
ergy in a non-cooperative way because the 2F5/2 
level of Yb3+ matches well with 4I11/2 level of Er3+. 
Therefore, a cooperative energy transfer from Yb3+ 
to Er3+ is the least probable [17]. An energy dia-
gram depicting the UC mechanism is shown in 
Fig. (4B). 

CONCLUSION 
Despite the fact that blue, red, and green bands 

are present in this system, white light emission is 
not possible, perhaps because the concentration of 
dopants is not appropriate or the laser power is not 
sufficient to stimulate other energetic levels. Mor-
phology, particle size, and dopant concentration 
play an important role in luminescence emission. 
The particle size is less than 100 nm in the sam-
ples with a sponge-like morphology. This type of 
morphology is produced by dislocations in the host 
matrix and occupation by dopants.  

The controlled-pressure hydrothermal method 
is a productive method for synthesizing rare earth-
doped and codoped Y2O3; when Er3+, Yb3+, and 
Tm3+ ions are introduced into the host matrix, they 
do not cause any changes in the cubic structure nor 
influence the crystal structure. This method can be 
used to synthesize any type of nanoparticle be-
cause it involves low pressure (10-20 bars), low 
temperatures, and short time reactions. 

The results are not what we predicted, because 
the photoluminescence did not exhibit linear be-
havior, in spite of the dopant rate. The Yb3+ per-
centage was increased in 0.5% increments, in or-
der to see if the photoluminescent intensity would 
increase at this rate.  

The photoluminescence in the sample of Yb3+ 
at 2.5% had almost the same intensity as the 1.5% 
sample. In the latter, the intensity was greater at 
the 1D2→3H6 level, so that we conclude that the 
dopant concentration rate is not related to the in-
tensity of the photoluminescence intensity, but that 
morphology, particle size, and energy transfer are 

 

  

 

(A) 
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liable of the luminescence with small size particle 
are directly related to it.  
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