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a b s t r a c t   

The paper is focused on an influence of vanadium ions on the up-conversion processes in nanosized 
YVxP1−xO4 solid state solution. As a consequence, two series of YVxP1−xO4 (where x = 0–1) materials has 
been obtained via co-precipitation method. Yttrium orthovanadate-phosphate has been co-doped with the 
up-converting Er3+-Yb3+ and Tm3+-Yb3+ lanthanide ion pairs. Obtained series of nanosized materials has 
been investigated for phase purity, chemical composition, morphology by the means of X-Ray Powder 
Diffraction (XRD) and Scanning Electron Microscope (SEM). Photoluminescence properties of 0.25 mol% 
Tm3+, 20 mol% Yb3+:YVxP1−xO4 (x = 0, 0.3, 0.4, 0.5, 0.6, 0.7, 1), and 1 mol% Er3+, 20 mol% Yb3+:YVxP1−xO4 

(x = 0, 0.3, 0.4, 0.5, 0.6, 0.7, 1) were investigated in detail. It has been found that increase of the vanadium 
content leading to better up-conversion luminescence. 

© 2021 The Author(s). Published by Elsevier B.V. 
CC_BY_NC_ND_4.0   

1. Introduction 

Recently, rare earth doped and co-doped yttrium orthooxides 
have attracted an astonishing interest and have been investigated as 
phosphors for UV, Vis, and NIR excitations. The interest of YXO4 

(where X = As, Cr, P, V) is related to physicochemical properties such 
as high-temperature stability, resistivity to photo degradation, in
solubility in water [1]. Among the extensive studies of the YXO4 

matrices it was also investigated for occurrence of up- and down- 
conversion processes [2–10]. Although, to the best of our knowledge 
up-conversion processes in the mixed YVxP1−xO4 solid solutions have 
not been investigated. 

Yttrium orthovanadate as well as yttrium orthophosphate crys
tallize in the tetragonal system and are ascribed by I41/amd space 
group [11,12]. Moreover, yttrium orthovanadate is isostructural to 
yttrium orthophosphate. Therefore, a solid-state solution with gen
eral formula YVxP1-xO4 may be obtained. The unit cell is built out of 
the yttrium octahedral and vanadium tetrahedral, which is statisti
cally substituted by phosphorus tetrahedral groups. Yttrium ions are 
also substituted in a statistical manner, when doped or co-doped 
with lanthanide ions (i.e., Tm3+, Er3+ and Yb3+ ions). 

Up-conversion (UC) processes are based on the energy conversion 
from low energy (IR, NIR) to the higher energy (UV, Vis). F. Auzel [13] 
has compartmentalized UC processes into six different processes: ESA 
(Excited State Absorption), APTE/ETU (Addition de Photon par Trans
fers d′Energie/Energy Transfer Up-conversion), cooperative sensiti
zation, cooperative luminescence, second harmonic generation (SHG) 
and 2-photon absorption excitation. Although, the quantum efficiency 
(QE) of the up-conversion processes is relatively low, ETU and ESA 
processes present highest quantum efficiency out of the mentioned 
processes [13]. 

This paper is focused on an investigation of the up-conversion 
processes that are influenced by concentration of vanadium ions in 
YVxP1−xO4 matrix. The concentration of the vanadium ions is in the 
range of 0 ≤ x ≤ 1 in respect to the appropriate phosphorus molar 
content. Moreover, two pairs of co-dopants related to Tm3+-Yb3+ and 
Er3+-Yb3+ ions were used. In both cases, 20 mol% Yb3+ ion was chosen 
as a sensitizer and 0.25 mol% Tm3+ as well as 1 mol% Er3+ ions were 
chosen as activators. The series of 0.25 mol% Tm3+, 20 mol% 
Yb3+:YVxP1−xO4 (where x = 0, 0.3, 0.4, 0.5, 0.6, 0.7, 1) and 1 mol% Er3+, 
20 mol% Yb3+:YVxP1−xO4 (where x = 0, 0.3, 0.4, 0.5, 0.6, 0.7, 1) sam
ples were obtained via co-precipitation synthesis method and 
thereafter heat-treated at 800 °C for 3 h. 
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2. Experimental 

2.1. Synthesis 

Nano-sized yttrium orthovanadate-phosphate doped with ytter
bium-thulium and ytterbium-erbium ions were prepared by wet 
chemical synthesis via co-precipitation method. Concentration of 
the optically active ions was set to 0.25 mol% Tm3+, 20 mol% Yb3+ and 
1 mol% Er3+, 20 mol% Yb3+ for each material, in respect to the ap
propriate Y3+ molar content. The V5+ ions concentration was changed 
from 30 to 70 mol%, respective to the appropriate P5+ molar content. 
Analytical grade Y2O3 (99.99% Alfa Aesar), Tm2O3 (99.99% Alfa 
Aesar), Yb2O3 (99.99% Alfa Aesar), Er2O3 (99.99% Alfa Aesar), 
(NH4)2HPO4 (> 98% ACROS Organics) and NH4VO3 (99.5% Sigma- 
Aldrich) were used as the starting materials. 

In this method, stoichiometric amounts of the lanthanide oxides 
were digested in an excess of 65% HNO3 (about 2 ml; Suprapur® 
Merck) to transform them into nitrate salts. The obtained lanthanide 
nitrates were re-crystallized three times to get rid of the HNO3 excess. 
Ammonium metavanadate and diammonium phosphate were dis
solved in deionized water separately. Next, (NH4)2HPO4 and NH4VO3 

solutions were mixed and thereafter nitrate salts solution was added 
(Y(NO3)3, Tm(NO3)3, Yb(NO3)3 and Y(NO3)3, Er(NO3)3, Yb(NO3)3). 
Reaction (about 150 ml) was maintained at a stirring plate for 1.5 h at 
approximately 70 °C. The pH of the suspension was adjusted to 9 with 
aqueous ammonia (25% Avantor Poland). The obtained precipitate 
was washed and centrifuged at least thrice to reach neutral pH value. 
The as-prepared materials were dried for 24 h at 70 °C and heat- 
treated at 800 °C for 3 h to form crystallized nanoparticles. 

2.2. XRD and SEM analysis 

The development of the crystal phase was analysed via X-ray 
diffraction (XRD). The diffractograms were collected with an X′Pert 
PRO X-ray diffractometer (Cu Kα1, 1.54060 Å) (PANalytical). The XRD 
patterns were assigned to standard patterns from Inorganic Crystal 
Structure Database (ICSD) and thereafter analysed. Analysis of the 
size and morphology, as well as dispersibility of the YVxP1−xO4 was 
performed on the SEM (Scanning Electron Microscope) FEI Nova 
NanoSEM 230 equipped with an EDS spectrometer (EDAX 
Genesis XM4). 

2.3. Spectroscopic analysis 

Emission spectra were recorded upon 980 nm excitation with 
diode laser (CW) at 300 K. A Schott KG5 and THORLABS FESH0850 
were used as filters. For the measurements of up-conversion emis
sion of 1 mol% Er3+, 20 mol% Yb3+: YVxP1−xO4 only THORLABS 
FESH0850 filter was used. Two filters were used for up-conversion 
emission of 0.25 mol% Tm3+, 20 mol% Yb3+: YVxP1−xO4. THORLABS 
FESH0850 filter does not fully transmit in 450 – 500 nm spectral 
region. Schott KG5 filter transmits in 450 – 500 nm but not in 600 – 
800 spectral regions. Therefore, the presented emission spectra of 
0.25 mol% Tm3+, 20 mol% Yb3+: YVxP1−xO4 are compiled from two 
measurements preformed on the same setup, varying only on ap
plied filter. The Hamamatsu PMA-12 photonic multichannel analyser 
was used as an optical detector. Power dependence of the up-con
version emission intensity was performed for a wide range of laser 
pump power 0.05–1.4 W, while excited upon 980 nm at 300 K. Data 
was fitted in respect to the following formula:  

Ni ~ Pn,                                                                                 (1) 

where P – absorbed pump power, n – number of sequentially ab
sorbed photons, N – population density of i state. 

3. Results and discussion 

3.1. Structure and morphology 

The crystal structure of YXO4 (where X = P, V) group of com
pounds is tetragonal with space group I41/amd (No. 141), with only 
one cationic site for yttrium, which is substituted by rare earth ions 

Fig. 1. 3D view of the YPO4 (a) and YVO4 (b) unit cells.  

Table 1 
Crystallographic data for yttrium orthovanadate and yttrium orthophosphate [14,15].      

YVO4 YPO4  

cryst. syst. zircon tetragonal zircon tetragonal 
space group I41/amd (no.141) I41/amd (no.141) 
a (Å) 7.1183(1) 6.8947(6) 
b (Å) 7.1183(1) 6.8947(6) 
c (Å) 6.2893(1) 6.0276(6) 
α (°) 90 90 
β (°) 90 90 
γ (°) 90 90 
point-group symmetry D4h D4h 

coordination no. Y(8); V(4); O(3) Y(8); P(4); O(3)    
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Fig. 3. X-ray diffraction patterns (a), 2θ shifts (b) and (c) centered peak for bandwidth analysis, obtained for 1 mol% Er3+, 20 mol% Yb3+:YVxP1−xO4 thermally treated at 800 °C 
for 3 h. 

Fig. 2. X-ray diffraction patterns (a), 2theta shift (b) and (c) centered peak for bandwidth analysis, obtained for 0.25 mol% Tm3+, 20 mol% Yb3+:YVxP1−xO4 thermally treated at 
800 °C for 3 h. 
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(Tm3+, Er3+, Yb3+). Unit cell parameters of the YVO4 and YPO4 are 
listed in Table 1. 

As it was already presented in the case of YVxP1−xO4 and 
Eu3+:YVxP1−xO4 obtaining the solid solution via co-precipitation 
method is possible [16,17]. Therefore, the YVxP1−xO4 system co- 
doped with up-converting ions (Tm3+, Er3+, Yb3+) should also be in 
accordance with the Vegard’s law for solid solutions.(Fig. 1). 

The formation of pure crystal phase of YVxP1−xO4 solid solution was 
affirmed by the means of X-ray powder diffraction measurements (see  
Fig. 2 and 3). Crystal phase purity was obtained for the heat-treated 
materials differing in vanadium to phosphor ratio and in co-dopants 
(0.25 mol% Tm3+, 20 mol% Yb3+ and 1 mol% Er3+, 20 mol% Yb3+). A 
continuous shift of the planes towards lower 2θ angles was observed 
and this is a confirmation of the unit cell parameters change. The 

change is forced by the substitution of the bigger V5+ (0.36 Å at C.N. 4) 
cation by smaller one P5+ (0.17 Å at C.N. 4) (see Fig. 2b and 3b). Dif
fraction line broadening is observed for the solid solutions, when 
compared to the YPO4 and YVO4 matrices obtained at the equivalent 
synthesis conditions (see Fig. 2c and 3c). Broadening of the diffraction 
lines can possibly be a consequence of the lattice strain in the crystal 
lattice [18] and P5+ ions are substituted by V5+ ions. The strain may 
originate from the ionic size incompatibility between V5+ and P5+ ions. 
The lattice strain can be associated with the grain-interior dislocations  
[19], grain-boundary dislocations [20] and excess volume of grain 
boundaries (vacancies, vacancy clusters) [21]. Similar broadening of the 
XRD lines for YVxP1−xO4 solid solution was observed by Nguyen H.D. 
et al. [22], were investigated materials were doped with bismuth and 
europium ions. Therefore it may be concluded that, the change of the 

Fig. 4. SEM images obtained for 1 mol% Er3+, 20 mol% Yb3+:YVxP1−xO4 thermally treated at 800 °C for 3 h.  

Fig. 5. EDS maps obtained for 1 mol% Er3+, 20 mol% Yb3+:YV0.5P0.5O4 thermally treated at 800 °C for 3 h.  
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diffraction lines width is not dependent on co-doping ions, but rather 
on the ionic radii mismatch between P5+ and V5+. 

SEM images are presented for the representative 0.25 mol% Tm3+, 
20 mol% Yb3+:YVxP1−xO4 material series, each thermally treated at 
800 °C for 3 h (Fig. 4). Materials with low vanadium concentration 
have smaller and more agglomerated particles. On the contrary, the 
material with highest vanadium concentration presents less ag
glomerated and bigger particles with pellet or spindle like mor
phology. EDS maps (Fig. 5) present distribution of the ions in the 
representative 0.25 mol% Tm3+, 20 mol% Yb3+:YV0.5P0.5O4 material’s 
particles. Constituents are distributed evenly in the matrix structure 
and no conspicuous aggregation of the dopants is observed. 

3.2. Spectroscopic properties 

Up-conversion emission spectra of the 0.25 mol% Tm3+, 20 mol% 
Yb3+:YVxP1−xO4 and 1 mol% Er3+, 20 mol% Yb3+:YVxP1−xO4 are shown 
in Fig. 6 and Fig. 7, respectively. Emission spectra obtained for the 
materials containing Tm3+ and Yb3+ ions present visible transitions 
at around 473 nm, 645 nm, 660 nm and 800 nm, ascribed as the 1G4 

→ 3H6, 1G4 → 3H4, 
3F2 → 3H6, 3H4 → 3H6 Tm3+ f-f transitions, respec

tively. The material with the highest emission intensity is 0.25 mol% 
Tm3+, 20 mol% Yb3+:YVO4 and the material with the weakest is 

0.25 mol% Tm3+, 20 mol% Yb3+:YPO4. Intensity of the emission stea
dily increases with the increase of vanadium ions concentration in 
materials. No change in the shape of the transition bands was ob
served. No additional emission was recorded. No other evident in
fluence of vanadium was observed than the emission intensity 
enhancement when introduced to the YPO4 matrix. 

Up-conversion emission spectra obtained for the 1 mol% Er3+, 
20 mol% Yb3+ material series, while excited under 980 nm at 300 K, 
present characteristic emission lines of erbium ions. The emission 
lines observed at 525 and 547 nm are attributed to the 2H11/2 → 4I15/2 

and 4S3/2 → 4I15/2 transitions of Er3+ ions (sensitizer), respectively. 
Emission at around 650 nm is assigned to the 4F9/2 → 4I15/2 transition. 
Emission observed at 820 nm, 830 nm and 849 nm is associated with 
the 4F7/2 → 4I11/2, 2H9/2 → 4I11/2 and 2H11/2 → 4I13/2 transitions within 
erbium ions. Intensity of the emission simultaneously increases with 
the increase of vanadium ions concentration in materials. 
Additionally, the share of the respective transition bands changes in 
reference to the total emission, this relation is presented in Fig. 8. 

With an increase of vanadium concentration in solid solution, a 
contribution of the 4F9/2 → 4I15/2 transition band decreases in favor of 
both the 2H11/2 → 4I15/2 and 4S3/2 → 4I15/2 transition bands (see Fig. 8). 
Additionally, solid solutions differ in emission band shapes. The 
difference is prominent in materials with marginal values of the 

Fig. 6. Emission spectra of 0.25 mol% Tm3+, 20 mol% Yb3+:YVxP1−xO4 under 980 nm excitation in room temperature.  

M. Wujczyk, A. Watras, K. Szyszka et al. Journal of Alloys and Compounds 884 (2021) 161022 

5 



vanadium concentration (30 mol% V5+ and 70 mol% V5+). The 4F9/2 →  
4I15/2 transition contribution changing with increasing P5+ con
centration may be caused by the occurring cross-relaxation (CR) 
processes. Population of the 4F9/2 level is directly corelated with CR 
processes and its happening is dependent on the distance between 
two adjacent Er3+ ions in crystal lattice. In case of YVxP1−xO4 the unit 
cell size visibly changes, where YPO4 unit cell size being much 
smaller than YVO4 due to different ionic radii of P5+ and V5+. 
Therefore, the distance between two Er3+ ions in material containing 
low concentration of vanadium is shorter, hence it may be direct 
cause behind the increase in the intensity of the 4F9/2 → 4I15/2 tran
sition. 

The intensity of the up-conversion process increases with the 
increase of vanadium ions concentration in both Er/Yb and Tm/Yb 
co-doped materials. This means that vanadium ions have positive 
impact on emission intensity, independently on the used pairs of 
upconverting ions in this material. Moreover, the shape of particular 
transitions as well as the ratio of particular transition is influenced 
by vanadium ions concentration and is much more visible in case of 
Er/Yb ions pair. 

A double logarithmic dependence of the integrated intensity 
versus laser pump power was investigated for each up-converting 
ions pair (Figs. 9, 10). Measurements were performed in a wide range 
of the laser pump power 0.05 – 1.43 W. Power dependence (PD) 
functions were determined for the 2H11/2, 4S3/2, 4F9/2→ 4I15/2 transi
tions and for the 1G4, 3H4 → 3H6 transitions for each material. Ac
cording to the equations described by M. Pollnau (Eq. 1), the amount 
of photons needed for the up-conversion process can be estimated 
from the slope of the PD function [23]. Estimated number of photons 
is marked with the symbol n and is listed in inserted table in Figs. 9 
and 10 for every material. Linear nature of the power dependence’s 
function slope is reaffirming domination of the up-conversion pro
cesses over the linear decay from the indirect excited states. The 
1 mol% Er3+, 20 mol% Yb3+:YVxP1−xO4 (Fig. 9) independently on the 
vanadium concentration yielded n value equal to 2. Therefore, the 
two-photon nature behind population of the 4F9/2, 2H11/2 and 4S3/2 

states is confirmed. The 0.25 mol% Tm3+, 20 mol% Yb3+:YVxP1−xO4 

(Fig. 10) independently on the vanadium concentration yielded n 
value equal to 2 for the 1G4 → 3H6 and 3H4 → 3H6 transitions. Based on 
power dependence functions presented in Fig. 10b, it can be 

Fig. 7. Emission spectra of 1 mol% Er3+, 20 mol% Yb3+:YVxP1−xO4 under 980 nm excitation at room temperature.  
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suggested that population of the 1G4 state involves absorption of the 
two subsequent photons. Although, in order to populate the 1G4 

state, three photons need to be subsequently absorbed, when excited 
under 980 nm [24]. Decrease of the n value to 2 can be explained by 
the increase of the energy transfer rate from the sensitizer Yb3+ to 
the activator Tm3+ and additional contribution of the cooperative 
sensitization process to populate 1G4, via Yb3+-Yb3+ to Tm3+ energy 
transfer [25,26]. Possible pathways for the population of the 1G4 

state are given in Fig. 10. 
The energy levels schemes in Fig. 11 and Fig. 12 shows the pro

posed model pathway for up-conversion processes occurring be
tween Tm3+-Yb3+ and Er3+-Yb3+ ions in YVxP1−xO4 solid state 
solution. Proposed pathways concern a series of YVxP1−xO4 materials 
due to the fact related to emission spectra (Figs. 6 and 7) only vary in 
respective intensities and no additional f-f transition bands are 
found. Excitation wavelength is directly resonant with the sensiti
zer’s (Yb3+) large absorption cross section, its energy can be trans
ferred to the activators (Tm3+, Er3+) with ease [27–29]. 

Within materials co-doped with 0.25 mol% Tm3+ and 20 mol% 
Yb3+ the process proceeding the ETU is Ground State Absorption 
(GSA), marked with black, solid arrow in the Fig. 11. Energy Transfer 

Up-conversion (ETU) process between the sensitizer (Yb3+) and the 
acceptors (Er3+ and Tm3+) is marked with black, bended arrows in
sinuating energy transfer from the sensitizer to the acceptors. Po
pulation of the Tm3+ upper levels is preceded by energy transfer 
from Yb3+ ions in the thulium-ytterbium co-doped materials. Al
though, the population of the 3F4 level is more complex. The 3F4 level 
can be populated via two possible pathways by the non-resonant 
ground state absorption of initial light (black, solid arrow), followed 
by non-radiative relaxation to the 3H5, further depopulated to the  
3F4. Additionally, the 3F4 is populated by the non-resonant energy 
transfer (black, bended arrow) from the pumped 2F5/2 level in Yb3+ 

ion to the 3H5 state in Tm3+ ion and later, depopulated to the 3F4. 
Further, the 3F2 state is populated by the non-resonant energy 
transfer from the 2F5/2 level (Yb3+), then followed by emission to the 
ground state (3F2 → 3H6 at 660 nm) or by non-radiative relaxation to 
the 3H4. After that emission may be observed at 798 nm (3H4 → 3H6). 
Subsequently, the 1G4 level may also be populated by the non-re
sonant energy transfer from the 2F5/2 level (Yb3+). Two emission 
bands are observed from the 1G4 level, first associated with the 1G4 →  
3H6 transition at 473 nm and second associated with the 1G4 → 3F4 

transition at 647 nm. Cooperative sensitization up-conversion is 

Fig. 8. Emission spectra of 1 mol% Er3+, 20 mol% Yb3+:YVxP1−xO4 with normalized emission intensity (a) and of the integrated emission intensity dependence on vanadium 
concentration (b). 
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marked with pink, dashed, bended arrows, showing energy transfer 
from two separate Yb3+ sensitizer centers. Possible pathway for the  
1G4 level population is via cooperative sensitization process, which 
relies on direct and simultaneous energy transfer from two Yb3+ ions 
excited to the 2F5/2 level. Therefore, population of the 1G4 level can 
originate from subsequent absorption of two photons. Cooperative 
sensitization between Yb3+-Yb3+ → Tm3+ has been proposed to be 
responsible for the population of the 1G4 level [25,26,30]. 

Within materials co-doped with 1 mol% Er3+ and 20 mol% Yb3+ 

the process proceeding the ETU and ESA is Ground State Absorption 
(GSA), marked with black, solid arrow in the Fig. 12. Excited State 
Absorption (ESA) is marked with orange, dashed arrow and occurs 
within erbium ions causing excitation of the higher states (i.e., 4F7/2) 
from the first excited state (4I11/2). In erbium-ytterbium co-doped 
materials, population of the Er3+ upper levels is more complex, than 
in case of Tm3+, and involves: energy transfer up-conversion (black, 
dashed, bended arrows), excited state absorption (orange, dashed 
arrow) and cross-relaxation (yellow, dotted arrows). The preceding 
process for excited state absorption is ground state absorption 
(black, solid arrow), which leads to populating the 4I15/2 level. Ex
citation to the upper 4F7/2 level within Er3+ ion is caused by the 
absorption of subsequent photon. Further, the 4F7/2 level is 

depopulated via non-radiative relaxation to the 2H11/2 level, emis
sion to the ground state may be observed at 523 nm or non-radiative 
relaxation of the 2H11/2 level may lead to populating next lower lying 
the 4S3/2 level. The 4S3/2 → 4I15/2 transition is associated with emis
sion at 547 nm. The 4F9/2 level is populated by the cross-relaxation 
processes (yellow, dashed arrows) between two erbium ions [31]. 
Cross-relaxation is a process of non-radiative energy transfer be
tween two adjacent ions of the same element (herein Er3+). One ion 
lowers its excitation energy by depopulating to a lower excited state, 
this energy is transferred to other ion leading to population of its 
higher states. In the scheme marked with yellow, dotted arrows. The 
cross-relaxation process causes quenching the luminescence of one 
kind of ions [32]. Energy transfer related to up-conversion in Er3+- 
Yb3+ (black, dashed, bended arrows) pairs is involving a non-re
sonant energy transfer from excited sensitizer center (the 2F5/2 level 
of Yb3+) to the 4I11/2 level in Er3+. Second non-resonant energy 
transfer from the 2F5/2 level (Yb3+) is leading to population of the 4F7/ 

2 level in Er3+ and non-radiative relaxation to the 2H11/2 level. 
Emission to the ground state (2H11/2 → 4I15/2, 523 nm) or non-radiative 
relaxation may occur and lead to populating the lower lying 4S3/2 

level and further, radiatively relax to the ground state (4S3/2 → 4I15/2, 
547 nm). 

Fig. 9. Double logarithmic dependence of the emission intensity on the laser pump power of the 4F9/2 → 4I15/2 transition (a) and the 2H11/2 → 4I15/2, 4S3/2 → 4I15/2 transitions (b) in 
1 mol% Er3+, 20 mol% Yb3+:YVxP1−xO4 measured with FESH0850 filter at 300 K. 
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Fig. 11. Energy level scheme with proposed up-conversion processes occurring in 0.25 mol% Tm3+, 20 mol% Yb3+:YVxP1−xO4.  

Fig. 10. Double logarithmic dependence of the emission intensity on the laser pump power of the 3H4 → 3H6 transition (a) measured with Schott KG5 filter and of the 1G4 → 3H6 

transition (b) measured with filter FESH0850 in 0.25 mol% Tm3+, 20 mol% Yb3+:YVxP1−xO4 (300 K). 
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4. Conclusion 

The thulium-ytterbium and erbium-ytterbium co-doped yttrium 
orthovanadate-phosphate system (YVxP1−xO4, 0 ≤ x ≤ 1) has been syn
thesized via co-precipitation method. Applied synthesis route leads to 
obtaining pure tetragonal nanocrystals. Analysis of yttrium orthova
nadate-phosphate system’s crystal phase purity, morphology as well as 
spectroscopic properties were studied extensively. The regularity in 
spectroscopic and structural properties of solid solutions (YVxP1−xO4) 
associated with changing vanadium concentration has been described 
in detail. An influence of vanadium(V) concentration on up-conversion 
processes was characterized by performed measurements. 
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