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Abstract

Nanophosphors have been extensively investigated during the last decade due to their application potential for various high-performance
displays and devices. Currently the preparation of nanophosphor materials is considered to be an art rather than science and is based on
finding luminescence properties, crystalline nature, morphology, particle size and different types of transitions that can take place in different
types of nanophosphors. For this study, the review of the rare earth doped nanophosphors (from La to Lt) by the most simple and cost-
effective sol - gel method is reported and discussed. The results from the reviewed papers give the analysed data of particle size of rare-earth
doped nanophosphors which varies from 5 to 50 nm. The particles show emission peaks from 450 to 650 nm at Do --> ’Fj where j varies from
1-6. Crystal size of the particles has been investigated by X-Ray technique. The average crystalline size was estimated from the full width at half
maximum of diffraction peak by Debye - Scherrer formula [Dna =kA/ B(26) (cosB)]. Morphology has been studied by Scanning Electron
Microscope (SEM). The wavelengths of the emission peaks are widely influenced by pre-heating temperature. The phosphor annealed at
below 1200 C show the optimal persistent luminescence and nano-particle size. Review shows that most of the nanophosphors show the
morphology which is spherical, uniform and monoclinic.
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1. Introduction

Nano-Phosphors have been extensively investigated during the last decade due to their application potential for various high-performance
displays and devices. Currently the preparation of nano-phosphor materials is considered to be an art rather than science and is based on
finding luminescence properties, crystalline nature, morphology and type of transitions that take place in different type of nano-phosphors.
Nowadays, there has been increasing interest in development of rare earth ion activated phosphors since this act as a strategic component in
evolution of different optically generated devices like fluorescent tubes, colored televisions and glass lasers [1,2]. In the recent studies, silicate-
based phosphors are considered as an excellent host due to high photoluminescence intensity, good chemical stability and especially strong
absorption in near ultra-violet region. Rare-earth activated inorganic light emitting materials have potential applications in lighting displays and
optical communication fields. In this manuscript, we have reviewed research papers of last 15 years to review rare earth doped nano-
phosphors from La to Lt by the most simple and cost-effective sol-gel method. This method is proficient for the synthesis of nano-sized
material having narrow-sized distribution and takes less time for synthesis of phosphor as compared to other synthesis methods such as
combustion method and solid-state method [2]. Further it shows more uniform composition because of well-mixing of raw materials and low
synthesis temperature. From the review of research papers, we observe that the prepared materials have been characterised by using
different characterization techniques: (i) Fourier Transform Infrared Spectroscopy (FTIR) (ii) Luminescence Spectroscopy (Photo Luminescence
(PL) and Thermo Luminescence (TL)) (iii) X-Ray Diffraction (XRD) (iv) Scanning Electron Microscope (SEM) (v) Transmission Electron Microscope
(TEM). Crystalline-size of the particles has been investigated by X-Ray technique. The average crystalline-size was estimated from the full-width
maxima peak of diffraction peak by Debye-Scherrer formula, which is D = 0.89\/B2cos6, where B (20) is width of pure diffraction profile in
radians, K is 0.89, A is wavelength of X- rays (0.154056 nm), 0 is diffraction angle and Dny is the average diameter of the crystalline [3].
Morphology has been studied by Scanning Electron Microscope (SEM). Different transitions which occur at various wave-lengths have been
studied through PL analysis.

2. Synthesis Technique
Synthesis techniques include physical and chemical methods for the synthesis of phosphors. Chemical methods include colloidal capping,
cluster formation, sol-gel, electro-chemical, combustion etc. Physical methods include molecular beam epitaxy, ionized cluster beam and gas
aggregation of monomers. Generally, a phosphor is prepared by adding small amount of activator or co-activator into host lattice. For the
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synthesis, raw materials are mixed in a proportion corresponding to stoichiometric composition of phosphor [3,4]. In preparation of
phosphors- host lattices, activators and co-activators, sensitizer, fuels and fluxes play an important role which are discussed below:
(a) HOST LATTICE

Host lattice materials have a substantial influence on the optical transitions of the dopant ions within 4f energy levels. For example, the crystal
field produced by the host lattice may lift the parity selection rule and alter the f-f transitions probability. The host lattice can also effectively
protect the dopant ions from luminescence quenching in solutions by high-energy vibrations of ligands or solvents. On the other hand, the
excited energies of the dopant ions may be dissipated by host through lattice vibrations, resulting in low UC efficiency. Therefore, selection of
appropriate host materials is essential in the synthesis of RE-doped nano-phosphors with favourable optical properties such as high UC
efficiency and controllable emission profile.

(b) ACTIVATOR AND CO-ACTIVATOR

In phosphors, the activator is the element added as dopant to the crystal of the material to create desired type of non-homogeneities. In
luminescence, only a small fraction of atoms, called emission centres or luminescence centres, emit light. In inorganic phosphors, these in
homogeneities in the crystal structure are created usually by edition of trace number of dopants, impurities called activators. The activators
prolong the emission time (afterglow).

(c) SENSITIZER

In order to increase the emission efficiency of nano-phosphor the process involving energy transfer is followed, in which the donor acts as
sensitizer. It helps in broad and strong absorption as well as emission occurs which favours energy transfer to acceptor ion. It helps in
overcoming the issue of instability in luminescence [3]. If there are two dopants present then one of them acts as sensitizer. It absorbs the
energy and then transfers it to the activator. It also acts as a luminescence killer if used in an amount comparable to the dopant.

(d) FUELS AND FLUXES

Some compounds are used along with the phosphor raw materials which help in making firing at low temperature than required temperature.
These compounds burn and provide energy. These materials are urea, hydrazine, citric acid, ethylene glycol. Some materials are mixed for the
growth of crystals; these materials are called flux. Generally, fluxes are compounds of alkali or alkaline earth metals and halides. Melting points
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of these fluxes are low. Fluxes provide liquid phase which play important role in the crystal’s growth. The main advantage of using flux is that it
works as a source of co-dopant in certain phosphors.

SOL - GEL METHOD

The sol gel method was widely used for processing of silicate materials. Sol gel method involves the gel formation from precursors by
undergoing hydrolysis, polymerization as well as poly condensation reactions. Which precursor we use play a vital role in progress of sol gel
technique. Mostly these are soluble metal salts, alkoxides, polymers and colloids. It depends on the nature of precursor combined with
suitable solvents and aggregation processes initiating solid phase formation can be controlled. The sol - gel technique is a wet chemical
method. The sol is colloidal particles dissolved in liquid which can be used in gel formation. Metal alkoxide are most popular precursors
because they undergo hydrolysis. After that, the precursor solution is activated by suitable addition of an acid or base that together form a
network. The 3-d inorganic networks are formed by mixing alkoxide in aqueous phase. Growth of this network depends on temperature and
time of gelation. Gelation is a process in which sol is transformed into gel. The gelation and drying occurs on a hot plate and remove organic
residues from the gel using calcination process. Drying of gel at room temperature forms aerogel. If the gel is dried in vacuum, xerogel is
formed. Processing of precursor materials in vessels prior to gelation forms aerogel and monoliths. Coating and powders are obtained by
spraying of precursor materials and drawing from liquid form fibres [2].

For Example: To prepare Na;BaSiOs:Mn?* phosphor by sol-gel technique, we choose manganese carbonate (MnCOs3), silica gel (SiO2) and metal
nitrates (sodium nitrate (NaNQOs), Barium nitrate (Ba(NOs);) as raw materials. All these raw material chosen are of analytical grade. The
synthesis of Na2Ba(0.99)Si04:Mn?* is as follows.

1). Took stoichiometric amount of raw material separately. Aqueous solution of these raw materials was made in separate beakers. After that
we mixed the prepared aqueous solution of MnCO3, NaNOs and Ba(NOs)z. In this case we observed that barium nitrate was not soluble in
water. So, to make it agueous solution we added a few drops of HNOj3 (nitric acid) instead of water.

2). To make silica gel, high purity silica powder was used. For this stoichiometric amount of silica powder was mixed with concentrated nitric
acid HNOszin 50 ml beaker and stirred for 15 minutes.
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3). In the third step, the prepared silica gel was mixed homogeneously with the aqueous solution of sodium nitrate (NaNQOs), Barium nitrate
(Ba(NOs)2) and manganese carbonate (MnCOs) and was stirred continuously for 30 minutes with the constant heating at 100°C to make a
paste.

4). In the last step, the prepared paste was transferred into alumina crucible and was kept in muffle furnace at 900°C for 1 hour. In this way a
dark blue colour salt was formed.

Chemical Reaction-
2 NaNOs + Ba (NO3); (0.99) + SiO2 + MnCOs (0.01) ————»  NayBa(.99)Si0a:Mn?*

(1.69g) (2.58g) (0.6g) (0.011g)

3. Results and Discussions

We have gathered quality information from various research papers to study the luminescence properties, structural properties and
particle size of nano Phosphors by using Sol-Gel method as the synthesis method. X-Ray Diffraction (XRD) analysis is carried out to study
the structure determination and size determination of the prepared sample i.e., whether the sample is crystalline or amorphous in nature.
From the diffraction pattern obtained, we can find the type of structure. Using XRD, particle size has been calculated by using Debye
Scherrer Formulae. Particle size is also calculated by Transmission Electron Microscope (TEM). TEM images give good precision of crystal
size in agreement with crystal sizes as calculated from XRD using Debye Scherrer Formulae. For the surface and morphological study,
Scanning electron Microscope (SEM) analysis is done. Photoluminescence (PL) study is performed to check the luminescence properties
(red, blue or green colour) of prepared materials and hence to find the location of various peaks. To study the emission spectra,
Photoluminescence (PL) spectroscopy (also called emission spectroscopy) is used while for the excitation spectra, UV Visible spectroscopy
(also called absorption spectroscopy) is used. For the study of emission spectra, excitation spectra is must. So that excitation wavelength is
chosen, at which maximum emission takes place. Table shows the data in compiled form.
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S. No. Phosphor XRD TEM PL Analysis SEM Analysis Remarks Ref
Analysis Analysis No.
Particle Size (nm) Transitions | Wavelength
(nm) Morphology Study
1. Mg2Y2Si209:Eu3* 30.58 33.19 °Do =2 'F2 614 (red) _ Temp.= 950°C [5]
CazY,Si,09:Eu3 35.48 34.56 Do >7F, | 612 Orthorhombic Most Intense peaks | 2019
(orange red) in 61.0-6.15n.m
Sr2Y2Si209:EU3* 32.53 30.06 D> ’F2 | 611 (red) _ Application in Solar
Ba,YSi209:EU3* 45.10 12.39 Do > 7F, | 611 (red) ~ Devices
2. | BaAl,04:Tb3 45-60 | - °Ds 2 ’F) 250 (green) | Hexagonal Application in (6]
1=0-6 Lighting and Display | 2019
Devices.
3. | Gd,0s:Eu® 19 Do > ’F, | 618 nm Cubic Temp.= 800°C (7]
(spherical) Monoclinic Application in 2019
15 (laminar) Display Technology
4, Ba,Y,Si>09 : Eu3* 45.10 12.39 Do~ 'F2 611(red) _ Temp. =950°C [8]
Excitation
CayY2Si>09: Eu3* 35.48 34.56 5D0> 7F, 612 (orange | Orthorhombic | Wavelength =395 2019
red) nm-o
Mg2Y,5i200: Eu3* 30.58 33.19 SDo> 7F2 | 614(red) _ ’sti"cceit'c’” in Solar
Sr2Y2Si200: Eud* 32.53 30.06 Do~ 'F2 611(red) _

5. SraLag(Si04)602: Tb3+ | 39-47 >Ds~> ’Fs 544 Tb3+ improves the [9]
photo luminescent 2018
properties of
present phosphor

6. | Li2SrSiO4:Eu3" >Do~> 7F; 613 Excitation [10]
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J=0-4 wavelength = 254 2018
nm.
7. CaMgSiO4:Eu* 24.50 18.50 Do~ 'F, 613(red) Hexagonal Application: Display | [11]
Sr MgSiOa4:Eu* 26.07 22.57 Do~ 'F, 614 (red) Hexagonal Tech. 2017
Ba MgSiO4:Eu* 18.34 11.77 Do~ 'F2 614(red) Hexagonal
8. Mg SiOs: Eu3* 13.07 10.18 Do 'F, 612 Uniform Temp. =1150°C [12]
Ca SiOs: Eu? 36.56 30.34 5Do> ’F, | 613 Nearly spherical | Excitation 2016
Sr SiOs: Eu3* 44.09 21.86 D> ’F, | 614 Regular wavelength = 395
Ba SiO3: Eu?* 7.40 8.99 D> 7F, | 612 Uniform nm.o
Application in Solar
Devices and white
LED
9. CasY,Si3012:Eu3t 37.61 42.10 Do 'F, 613(red) Orthorhombic Temp. =950°C [13]
Most Study was 2016
Intense performed by
Mgs3Y2Sis012:Eud 53.53 46.21 5Do> F; 615(red) Spherical varying conc. of
Sr3Y>S3012:Eu3 50.96 21.22 Do> ’F, | 611(red) | Spherical 5]%""_"‘0”;??;2'0'01
BasY2Si3012:Eu3* 55.27 44.15 *Do=> 'F, 611(red) Spherical Rehea'tmg was done
Sr MgSiO4:Eu®* 26.07 22.57 Do 'F2 614 (red) Hexagonal at 1050 and 1150°C .
Ba MgSiO4:Eu* 18.34 11.77 Do~ 'F2 614(red) Hexagonal Some weak emission
peaks were available
due to °Do~> ’F; and
*Do> 7F3
Application: Display
Devices and
Lighting
10. | SrAl4O7:Eu 75 395 (blue) Monoclinic Temp. = 900°C [14]
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520 (green) Excitation 2016
790(IR wavelength =
region) 360nm
11. | Sr3SiOs:Eu3* 72.08 74.88 Do =2 'F2 616 (red) _ Temp. = 950°C [15]
Most Excitation 2016
Intense wavelength = 395
Cas SiOs:Eu3* 21.12 13.71 Dg > 7F2 | 616 (red) Monoclinic nm..
Mg SiOs:Eu>* 39.38 43.17 Do > ’F, | 614 (red) _ z;:::s'fg'fguipﬁf
recorded at
different
concentrations of Eu
ion and at different
temps.
Application in LED to
generate red light.
12. | TiO2:Dy3* 5-9 *Fo/2 2°His;2 | 483 nm Tetragonal Most intense peaks | [16]
*Fo, 2®H1z2 | 576 nm were observed 2016
when Dy3+
concentration was
0.5 mol%
13. | SrTiOs:Eu®* Do~ "F1 593 Temp. =1100°C [17]
2016
14. | Sr2SiO4:Eu3* 59.86 *Do2> 'F2 400- Orthorhombic, | Application [18]
700(green) | monoclinic Used as green 2016
phosphor for
WLED'S.
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15. | Y2Ti,O7:Er3t 26 45 2Hy1,2> 525(green) | pyrochlore Temp =900 C [19]
Y,Ti207:Yb3* 4S3/2 660(red) Yb3+ affect the up 2012
AFg/2>1s/2 conversion
luminescence
intensity
16. | MglaliSi,O7:Eu** Do~ 'F2 613(red) orthorhombic Optimum [20]
concentrationwas 1 | 2012
mol % of La3+ in
present phosphor.
17. | Y2Si,O7:Re3* 27 >Do~> ’Fj 611 isotypic T<1000 C [21]
(R=Eu, Tb) Show strong 2012
emission
18. | Tb3AlsO12:Eu*, Th3* 5-20 °D3~> ’F3 440, 490, Spherical Excitation [22]
543 (due to wavelength =323 - | 2010
Th3*) 490 nm.
Intensity of emission
5Dp> 7Fj 550-700 ?ncreases with
. increase of Eu
(j=1-4) (due to .
3 concentration from
Eu 0.1-0.5 mol%
Application: White
light LED
19. | Y,03:Eu?* 5 >Do~> Fj 611(red) Bixbyite Application: For [23]
1=0-4 making luminescent | 2010

security ink for
detecting any
counterfeiting,
alteration and
unauthorized
trading
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20. | Lu203:Tm 20-30 15.7 1G4 3He 364(green) | Crystalline cubic | Space gap between | [24]
particles is having 2010
symmetry [a3

21. | Y203:Eu* 9-20 20-30 °Do 2 'F2 610-612 Spherical Temp.= 600 - 900°C | [25]

(red) 2009

22. | Ro(M004)3:Eu* "Fo=> 5Le 465(Red) R=Y monoclinic, | Application - used as | [26]

R=1la,Y, Gd R= Gd red components for | 2008
orthorhombic, white light emitting
R= La monoclinic | diode.
23. | Sr2AlSi>07:Ce3" Th3* >Ds> 7F; 414 (Ce?) Applications [27]
(i=7/2,5/2) 482,543,588 Co-doped phosphor | 2008
(Th3*) displayed long
persistent white
phosphor.

24. | YVOg4:Eu? >Do~> 'F2 617(red) spherical Used in color [28]
television and high- | 2005
pressure mercury
lamp

25. | Y5SiOs:Th3* 70-100 <100 >Da~> 'F; 542 (green) _ Temp. =1100°C [29]

j=3,4,5,6 Do~ "Fsat 543nmis | 2004
strongest peak.

26. | YLuOs:Eu?* 10-20 Do~ 'F; 611 Irregular shape (30]

j=0-4 and Uniform °Do=> ’Fat 611nmis | 2004
Morphology strongest peak
GdLuOs:Eu3* 10-20 5Do=> 7F; hexagonal Blue shift observed
j=0-4 at 7nm
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27. | Y3AlsOp:Eu3* 40 D> 'F, 608 crystalline Citric acid and [31]
ethylene glycol 2003
enhance the
reactivity of
precursors.

28. | Zn2Si04:Mna+ 30 522 agglomerated Non-seeded [32]
samples with mean | 2002
diameter 30 nm inc.

in PL

29. | Y3Als012:Ce3t 50-150 460(red) aggregated YAG single phase [33]
was formed at 1997
temp> 800C

4. Conclusion

It has been observed from the review that reheating of materials by increasing the temperature, addition of codopants, changing the
concentration of dopants and co dopants enhances the luminescence intensity and crystallinity of phosphor materials. Most of the nano
phosphors have wide applications in Display devices, solar devices and Light emitting Diodes (LED). It has also been observed that the nano
Phosphors doped with Eu3* show *Do=> ’F; transition and emit red light. Most of the nano phosphors prepared with Sol-Gel method are
red and green light emitting and have particle size less than 50 nm.
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