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Abstract

In order to assess the luminescence spectroscopy experiments on Dy** doped nano phosphorus and metal oxides, this work
includes a comprehensive literature analysis of final-results and discussion of prior research. In this review work, we take a
look at what'’s already been written about Dy** doped nano phosphorus and metal oxides. The collected sample was analysed
by means of Powder X-ray Diffraction (PXRD), Fourier Transform Infrared Spectroscopy (FTIR), Optical Absorption (AOD), and
Photoluminescence (PL). In metal oxides, Characterization techniques gives information about quality and composition of the
samples, they exhibit unique PL spectra depending on impurities, crystal defects and mineral associations. These samples may
be used in mining companies to assess the economic viability. Compared to an undoped phosphorus PL spectrum, a Dy** doped
Nano phosphorus PL spectrum shows a blue emission at 441 nm (2.81 eV). Flux was used in a solid-state reaction to create
a phosphor that emits white light and contains Dy®* ions. Analysis of the manufactured sample was performed using Powder
X-ray Diffraction (PXRD), Optical Absorption (AOP), Photoluminescence (PL), and Fourier Transform Infrared Spectroscopy
(FT-IR). Intense crystal fields and Zeeman interactions can affect Dy** ions, as evidenced by their abundant resonance signals
in EPR spectra.
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1.0 Introduction

Rare Earth (RE) ion-based fluorescent materials have
become increasingly important in recent years in
domains such as lighting, solid-state lasers, bioimaging,
etc. There have been numerous publications on White
Light-Emitting Diode (W-LED) materials as researchers
continue to explore materials doped with RE ions. Doping
rare earth ions into a variety of inorganic host materials
causes them to become an efficient luminophore and
to function as efficient emitters in both the trivalent
and divalent states due to the f-f and f-d transitions'.

*Author for correspondence

Phosphors doped with Dy** ions display white light
emission with two peaks in the blue and yellow areas
due to the f-f transitions characteristic of these ions. The
luminous properties of these materials have been the
subject of a great deal of research, but it is still appealing
to create effective Dy** doped phosphors with excellent
thermal stability for use in W-LEDs?

For this study, we used the standard melt method
to introduce Dy** doping into phosphors at varying
concentrations. The intensity and decline curves of blue
and green emissions across their lives have been studied
extensively. Under 350nm stimulation, the mechanism of


http://www.informaticsjournals.com/index.php/toxi

Review on Luminescence Spectroscopic Studies on Dy** Doped Nano Phosphors

interest has been studied, and a reasonable explanation
has been proposed. Spectral sample CIE coordinates were
calculated.

The luminescent cores of hosts are activated by
activators in luminescent materials. When the Dy**
ion is in the geometric centre of the symmetrical
material, multilevel interactions are the primary source
of luminescence, and the luminescent material emits
white light of the usual spectrum when the transitions
are of equal strength in both locations. Dy’ has the
ability to emit a wide range of wavelengths between its
f-f transitions, making it one of the promising rare earth
ion with the most diverse range of possible applications.
Its distinctive colors blue and yellow intense emission
bands in the visible range correspond to transitions
4F, ,-6H, (J=15/2,13/2) and play a crucial role in the
fabrication of white light emitting phosphors. Optimizing
the local field environment around Dy** ions with a
sufficient yellow to blue (Y/B) intensity ratio is crucial
to achieving white light emission. Luminescence studies
on LiSr,ALPO,F;:Dy’* phosphor have been reported
by Shinde et al., photo luminescence characteristics of
Dy** doped KLa(PO,), phosphor have been reported by
Chemingui et al., Ratnam et al. have reported white light
emitting NaCaPO:Dy** phosphor, and Zhang et al. have
reported KSrBP,O,. Sameway in metal oxides, PL spectra
plays a very important role by analyzing the progress of
beneficiation process by assessing the changes in the PL
spectra, and from Pl optimization mining operations
can achieve maximum efficiency and minimize the
waste.

2.0 Phosphor Preparations

Different techniques, such as solid-state reaction, solution
combustion, sol-gel, etc., are used to generate Dy** doped
phosphor. After the raw components were measured
out using stoichiometric calculations for phosphors,
they were thoroughly combined using an appropriate
fuel. The chemical formula was used to determine the
stoichiometric ratio of the reactants used to produce
phosphor. Then after the weighed quantity of starting
samples were placed in 25ml alumina crucibles and
introduced into the programmable furnace for 3 hours.
When the furnace has cooled to room temperature
naturally, the finished product is extracted®.
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The XRD spectra of the samples were recorded
employing an X-ray powder diffractometer and a CuKa
radiation source to determine the material’s physical
phase and structure of the Dy**doped phosphors’. The
transmission spectra of Dy** doped phosphors were
measured using a UV spectrophotometer to learn more
about the samples absorption at various wavelengths.
In this review, we looked at a spectrum spanning from
200 to 820 nm in wavelength. The F4000 fluorescence
spectrometer was used to examine the phosphors, while
the FS5 model was used to evaluate the fluorescence
lifetimes of the samples while being pumped by a
xenon. This review presents the results of research into
the structural and optical properties of phosphors that
has been doped with Dy** ions. To this end, we will use
powder X-ray diffraction to gain insight into the crystal
structure and evaluate the lattice cell parameters, Fourier
Transform Infrared Spectroscopy (FTIR) results the
identification of the local structural groups, absorption
spectroscopy to determine the Judd-Ofelt parameters,
which will allow us to calculate the bonding and others
parameters, photoluminescence spectroscopy to estimate
the radiative properties and lifetime of the material®’.

3.0 Experimental Section

Here we have taken few experimental results which
researchers have already published to understand the
mechanism better. The solid state reaction technique
was used to create a phosphor containing Dy** ions
doped NaCaAlPO,F, by choosing chemicals based on the
stoichiometric calculations. Without further purification,
all of the chemical reagents which they have employed in
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Figure 1. X-ray diffraction pattern of Dy** doped
NaCaAIPO,F, phosphor.
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Figure 2. Emission spectra for different concentrations
of Tm**/Dy** co-doped phosphate glasses.

this experiment were of analytical grade. They used an
agatemortarand pestletoreduce thebeginningingredients
(Na,CO,, AIF,.3H,0, CaCO,, and (NH,),HPO,) to a fine
powder over the course of 30 minutes. An hour was spent
grinding the aforesaid concoction in an agate mortar
after Dy,0O, was added. The acquired chemical mixture
was sintered at different temperatures for different hours
in a high temperature furnace with multiple intermediate
grindings for 30 minutes. Finally, NaCaAlPO,F, phosphor
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Figure 3. UV-Visible absorption spectrum of Dy** ions
dopedNaCaAIPO,F, phosphor.
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was obtained by doping it with Dy** ions and 3H,0 was
employed as a flux'®'".

Multiple methods were used to determine the
precise nature of the produced phosphor. The average
crystallite size of Dy** doped phosphor is calculated to
be 82 nm using the Debye-Scherrer formula. The created
phosphor material is a well crystalline substance, as seen
by the crisp and intense peaks, which can lead to high
luminous intensities'* that the Dy** doped phosphors are
crystalline in design'>”. From the XRD spectra, there
are exceptionally sharp diffraction peaks of the samples,
suggesting that the Dy** doped phosphors are crystalline
in design'>".

Figure 2 reveals the emission spectra at 453nm
('D2>°F4), although the 480nm, 573nm, and 665nm
emission intensities, which can be attributable to Dy*,
all reduced considerably as the concentration of Dy**
ions was raised, the opposite was true for Tm*". Dy** is
responsible for the energy transfer, as shown.

At 352nm, 682nm, and 794nm, corresponding to the
3H,1D,, 3F,, and 3H, transitions, respectively, it is evident
that the light is being significantly absorbed. Absorption
of UV radiation at 352nm is particularly strong. Dy**
transition (absorptions at 348nm, 365nm, 387nm, and
800 nm):6H15/2 (4M15/2, 6P7/2), 6P5/2, 4113/2, and
6F5/2. Clear increases in 348nm UV absorption strength
can be seen”.

Figure 3 demonstrates the visible and near-infrared
(NIR) optical absorption spectra of a NaCaAlPO,F,
phosphor sample that has been doped with Dy** jons.

Mono-doped 0.2 Tm* and 0.2 Dy* phosphors’
excitation and emission spectra. Intensities of Tm** blue
emission at 453nm and 352nm excitation, it is not difficult
to determine that 352nm and 453nm originate from
Tm’* transitions (3H>1D, and 1D,>3F, respectively).
The strongest green emission of Dy** at 573nm and
348nm excitation, corresponding to the Dy** transitions:
6H, 6P  and 4F, - 6H, respectively. Therefore, UV
light at 350nm is the preferred pump source for Dy*/
Tm?* doped phosphors'®.

Figure 2 illustrates the mechanics of down-conversion
luminescence and a population diagram. Since the energy
of the (4M15/2" 6P_ ) level of Dy*" is close to that of the
'D, level of Tm** in Dy*/Tm’® energy resonance
transmission between co-doped systems Dy** and Tm®*
ions occur readily’”. The blue (453nm) emission is
generated when Dy** ions absorb energy under 350nm
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excitation, populating the excited state (4M15/2" 6P7/2),
and then transmit some of that energy to Tm** ions in the
3H, state, which are excited to the 1D2 energy level. Thus,
the fluorescence intensity associated with Dy** drops and
that of Tm’" increases when Tm’" concentration
rises.

The blue (480nm), green (573nm), and red (665nm)
emission is enhanced by increasing Dy*" concentration,
whereas the 453nm (1D, > 3F,) emission of Tm’*
decreases to do. From this, we can easily conclude that
energy transfer from Tm*" to Dy** occurs. Furthermore,
the intensity of Dy** (blue, green, red) starts to decrease
when the concentration of Dy** changes from 0.7 to
0.8 mol%. Later they have concluded that the increased
probability of cross-relaxation of the 0.2 mol% Tm®*/0.8
mol% Dy** ions in the samples caused fluorescence
quenching of Dy*. The emission spectra in 0.2Dy*/
xTM?* (x=0, 0.4, 0.6) co-doped phosphors. The 453nm
(ID2->3F4) emission intensity of Tm?*" significantly
improved with increasing Tm?* ion concentration. In
contrast, the 480nm, 573nm, and 665nm emission
intensities assigned to Dy** decreased dramatically. From
this, we conclude that the energy is transferred from Dy**
to Tm?*" (Iopscience.iop.org, 2022).

Down-conversion light emission mechanism and
assembly schematics are depicted. In the Dy** /Tm*
co-doped system, the energy of the (4M , + 6P, ) level
of Dy** is close to the energy, facilitating the energy
resonance transfer process between the Dy** and Tm?*'
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ions. Happen 1D, state lies in Tm**. On this side, the Dy**
ion absorbs energy under 350 nm excitation, occupies the
excited state (4M , ,+ 6P, ), transfers part of the energy to
the Tm* ion in the 3H, state, and into the 1D, state. Finally,
the Tm’* ion at the 1D, energy level relaxes by radiation
to the intermediate 3F, state, producing blue (453 nm)
emission. Therefore, increasing Tm?*" concentration
decreases the fluorescence intensity associated with Dy**
and increases the fluorescence intensity of Tm?*".

The fluorescence lifetimes of Tm** emission at 453 nm
and Dy’* emission at 573 nm were each tested under 350
nm excitation. They have reported average decay time (1)
and energy transfer efficiency (n) were calculated as 0(2).t
0 is As the number of Tm** ions in a sample grows, the
ion’s fluorescence lifetime shortens from 0.80 ms to 0.61
ms. As this is the case, we can conclude that Dy** transfers
its energy to Tm’*. Lifetime Diminution of Luminescence
Due to 1D,»>3F, (Tm’) at room temperature. By
increasing the concentration of Dy** in the sample, the
fluorescence lifetime decreases from 19.42 ps to 9.80 us.
This provides evidence for energy transfer from Tm®* to
DY3+ (14-16).

4.0 DRS Spectra for Dy3+

The Figure 4 and 5 displays the translated absorption
data alongside the original DRS spectra of produced
compounds Sr,_.Ca ,(PO,), doped with different
concentrations of Dy** ions. The f-f electronic transitions
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Figure 4. DRS spectra of SrwSCal_zs(PO‘l)2 doped with different concentrations of Dy**.
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Figure 5. DRS spectra (% of Abs Vs. wavelength (nm) of
Sr,_Ca (PO,), doped with different concentrations of Dy**
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Figure 6. Photoluminescence Study of Sr.Ca
xDy**.
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of Dy** are responsible for the unique absorption band
observed in all of the composition'*
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Figure8. TheemissionspectrumofSr _Ca Dy Na
(PO,), under 350 nm excitation.

5

In Figure 6, we see the emission spectra of
Sr,..Ca ,.(PO,),:xDy** phosphors when they are excited
by UV light at 348nm and 387nm. Similar patterns can
be seen in the emission spectra of Sr . Ca , (PO,),:Dy™,
with two major emissions at 481.6 (487) and 575
nm (4F9/2-6H15/2 and 4F9/2-6H13/2 transitions,
respectively). Due to its nature as a forced electric dipole
transition, the 4F9/2-6H13/2 phase change can only take
place when the corresponding Dy** ions are positioned
at local sites with non-inversion centre symmetry. The
spectrum of radiation emitted by Sr_.Ca . (PO,),:Dy*
shows a yellowish glow when excited'®".

The structural analysiss conclusion that Dy** is
positioned in a more non-centrosymmetric position in
the Sr,_.Ca .(PO,), host lattice is supported by the fact
that the red emission (4F9/2-6H13/2) is more intense
than the blue emission (4F9/2-6H15/2).

5.0 Conclusions

Different stoichiometric preparations of dysprosium-
doped phosphors were made in the present study using
a solid-state synthesis and co-precipitation and other
methods. The above literature was analyzed and outcome
was produced compounds using DRS and XRD, with
identical results for characterization obtained using both
techniques. The researchers also estimated that CIE values
indicate a distinct progression of colors from an organo-
yellow to a pure white as Dy concentrations are varied.
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In conclusion, a high temperature melting procedure
was used to successfully create phosphors doped with
varying amounts of Dy**/Tm?*. Under 350 nm excitation,
tunable white light down conversion emission was
produced. The energy transfer method is investigated, and
the fluorescence decay lifespan and its CIE coordinates at
various RE ion concentrations are reported in great detail.
The research in the study shed light on how to create a
desired color by down-converting emissions in phosphors
by adjusting the concentration of RE ions depending
on experimental data. Dy**/Tm’" co-doped phosphate
glasses show promise for W-led applications under UV
stimulation, as seen by changes in their associated CIE
color coordinates, making them a potential material for
use in solid-state lighting and other sectors?. Unlike in
phosphors, PL studies play a key role in applications of
metal oxides in mining industry, identification of minerals
to ore processing and how it impacts on environment
by detecting impurities or trace elements, concentration
of impurities, crystal structure and defects within the
metal oxides. By all these companies can plan to achieve
material with required standards and specifications.

6.0 References

1. Tang W, Guo Q, Su K, Liu H, Zhang Y, Mei L, Liao
L. Structure and Photoluminescence Properties
of Dy3+ Doped Phosphor with Whitlockite
Structure. Materials. 2022; 15(6): 2177. https://
doi.org/10.3390/mal5062177 PMid:35329628
PMCid:PMC8951342

2. Huang Z, Chen Y], Chen L, Xie Y, Xiao L], Yang Y.
Fluorescence improvement of Ba,. 3Ca0.78i0,: Eu*,
Mn?* phosphors via Dy’* addition and their color-tunable
properties. Ceramics International. 2013; 39(3):2709-14.
https://doi.org/10.1016/j.ceramint.2012.09.038

3. Karthikeyan P, Arunkumar S, Annapoorani K, Marimuthu
K. Investigations on the spectroscopic properties of Dy**
ions doped Zinc calcium tellurofluoroborate glasses.
Spectrochim. Acta A Mol. Biomol. Spectrosc. 2018;
193:422-31.  https://doi.org/10.1016/j.saa.2017.12.049
PMid:29277073

4. Patle Y, Brahme N, Bisen DP, Richhariya T, Chandrawanshi
E, Choubey A, Tiwari M. Study of Photoluminescence,
Thermoluminescence, and Afterglow properties of Dy**
doped Ba,ZnSi O, phosphor. Optik. 2021; 226:165896.
https://doi.org/10.1016/j.ijle0.2020.165896

B 1460 | Vol 71 (10) | October 2023 | http://www.informaticsjournals.com/index.php/jmmf

5. Shasmal N, Karmakar B. (2019). White light-emitting
Dy**-doped transparent chloroborosilicate glass: syn-
thesis and optical properties. ] Asian Ceram Soc. 2019;
7(1):42-52. https://doi.org/10.1080/21870764.2018.1555
883

6. Kurtz MJ, Eichhorn G, Accomazzi A, Grant CS, Murray
SS, Watson JM. The NASA astrophysics data system:
Overview. Astron Astrophys Suppl Ser. 2000; 143(1):41-
59. https://doi.org/10.1051/aas:2000170

7. Maheshvaran K, Marimuthu K. Concentration dependent
Eu** doped boro-tellurite glasses-Structural and optical
investigations. ] Lumen. 2012; 132(9):2259-67. https://
doi.org/10.1016/j.jlumin.2012.04.022

8. Bose GSC, Pushpa Manjari V, Babu B, Ravikumar RVSSN.
Structural and optical investigations of VO (II) ions
doped NaCaAIPO,F, phosphor. ] Mater Sci Mater
Electron. 2015; 26(4):2025-32. https://doi.org/10.1007/
s10854-014-2642-3

9. Nagaraja R, Manjari VP, Sailaja B, Ravikumar RVSSN. A
novel orange emitting Sm** ions doped NaCaAIPO,F,
phosphor: Optical and luminescence properties. ]
Mol Struct. 2017; 1130:96-102. https://doi.org/10.1016/].
molstruc.2016.10.004

10. Manjari VP, Babu B, Ravikumar RVSSN. Transition
Metal Ions Doped Novel Phosphor for Solid State White
Lighting.

11. Zhang T, Zhang D, Wang PA, Cui C. Preparation of Dy**/
Tm** Co-doped Phosphate Glasses by Melt Method
and its Luminescence Properties. ] Phys Conf Ser. IOP
Publishing. Mar. 2022; 2226(1):012004. https://doi.
org/10.1088/1742-6596/2226/1/012004

12. Venkatesh R, Pattabiraman M, Sethupathi K, Rangarajan
G, Angappane S, Park JG. Tricritical point and magne-
tocaloric effect of Nd,_ Sr MnO,. J. Appl. Phys. 2008;
103(7):07B319. https://doi.org/10.1063/1.2832412

13. Fawad U, Kim HJ, Khan M. Emission analysis of
Li LuY(BO,)3:Tb*, Dy**  phosphors.
Measurements. 2016; 90:319-24.
org/10.1016/j.radmeas.2016.02.031

14. Nagaraja R, Manjari VP, Sailaja B, Ravikumar
RVSSN. A novel orange emitting Sm’* ions doped
NaCaAlPO,F, phosphor: Optical and luminescence
properties. J. Mol. Struct. 2017; 1130:96-102. https://doi.
org/10.1016/j.molstruc.2016.10.004

15. Yang Z, Liu P, Lv L, Zhao Y, Yu Q, Liang X. Fluorescence
properties and energy transfer of KNaCa, (PO,);:
xCe,yDy’* phosphors under ultraviolet excita-
tion. J. Alloys Compd. 2013; 562:176-81. https://doi.
0rg/10.1016/j.jallcom.2013.02.058

Radiation
https://doi.

Journal of Mines, Metals and Fuels


https://doi.org/10.3390/ma15062177
https://doi.org/10.3390/ma15062177
https://doi.org/10.1016/j.ceramint.2012.09.038
https://doi.org/10.1016/j.saa.2017.12.049
https://doi.org/10.1016/j.ijleo.2020.165896
https://doi.org/10.1080/21870764.2018.1555883
https://doi.org/10.1080/21870764.2018.1555883
https://doi.org/10.1051/aas:2000170
https://doi.org/10.1016/j.jlumin.2012.04.022
https://doi.org/10.1016/j.jlumin.2012.04.022
https://doi.org/10.1007/s10854-014-2642-3
https://doi.org/10.1007/s10854-014-2642-3
https://doi.org/10.1016/j.molstruc.2016.10.004
https://doi.org/10.1016/j.molstruc.2016.10.004
https://doi.org/10.1088/1742-6596/2226/1/012004
https://doi.org/10.1088/1742-6596/2226/1/012004
https://doi.org/10.1063/1.2832412
https://doi.org/10.1016/j.radmeas.2016.02.031
https://doi.org/10.1016/j.radmeas.2016.02.031
https://doi.org/10.1016/j.molstruc.2016.10.004
https://doi.org/10.1016/j.molstruc.2016.10.004
https://doi.org/10.1016/j.jallcom.2013.02.058
https://doi.org/10.1016/j.jallcom.2013.02.058

K.N. Prathibha, B.V. Nagesh, N. Kamalashri and R. Harikrishna

16. Ogugua SN, Swart HC, Ntwaeaborwa OM. White light

17.

emitting LaGdSiO_:Dy** nanophosphors for solid state
lighting applications. Phys. B: Condens. Matter. 2016;
480:131-6. https://doi.org/10.1016/j.physb.2015.10.006
Das OK. Synthesis and Photoluminescence Study of
Lanthanide (Dy** and Eu**) Doped in Phosphate and
Mixed Metal Oxides (Doctoral dissertation). 2015.

18. Ji H, Huang Z, Xia Z, Molokeev MS, Atuchin VV, Fang

M, Huang S. New yellow-emitting whitlockite-type
structure Sr, . Ca , (PO,),: Eu** phosphor for near-UV
pumped white light-emitting devices. Inorganic chem-
istry. 2014; 53(10):5129-35. https://doi.org/10.1021/
ic500230v PMid:24773050

19. Wei C, Xu D, Yang Z, Jia Y, Li X, Sun J. Luminescence and

Vol 71 (10) | October 2023 | http://www.informaticsjournals.com/index.php/jmmf

energy transfer of Tm** and Dy ** co-doped Na,ScSi, O,
phosphors. RSC Advances. 2019; 9(48):27817-24.
https://doi.org/10.1039/C9RA04727A PMid:35530475
PMCid:PMC9070782

20. Zhang ZW, Sun XY, Jia DD, Song ST, Zhang JP, Wang

SE. Tunable full color emission from single-phase
LiSr,,, D 0.01(BO,),:xEu™  phosphors. Ceram Int.
2013;  39(4):3965-70.  https://doi.org/10.1016/j.cera-

mint.2012.10.244

21. Kibrish O, Ersundu AE, Ersundu MC. Dy** doped tel-

lurite glasses for solid-state lighting: An investigation
through physical, thermal, structural and optical spec-
troscopy studies. ] Non Cryst Solids. 2019; 513:125-36.
https://doi.org/10.1016/j.jnoncrysol.2019.03.020

22. Chen M, Xia Z, Molokeev MS, Lin CC, Su C, Chuang

YC, Liu Q. Probing Eu** luminescence from different
crystallographic sites in Ca, M(PO,).:Eu** (M=Li, Na,
and K) with B-Ca,(PO,),-type structure. Chemistry of
Materials. 2017; 29(17):7563. https://doi.org/10.1021/
acs.chemmater.7b02724

Journal of Mines, Metals and Fuels | 1461 -


https://doi.org/10.1016/j.physb.2015.10.006
https://doi.org/10.1021/ic500230v
https://doi.org/10.1021/ic500230v
https://doi.org/10.1039/C9RA04727A
https://doi.org/10.1016/j.ceramint.2012.10.244
https://doi.org/10.1016/j.ceramint.2012.10.244
https://doi.org/10.1016/j.jnoncrysol.2019.03.020
https://doi.org/10.1021/acs.chemmater.7b02724
https://doi.org/10.1021/acs.chemmater.7b02724

