NANOMATERIALS RESEARCH ARTICLE

SCIENCE & ENGINEERING

Vol. 3, No. 2, pp. 35-42 (2021) https://doi.org/10.34624/nmse.v3i2.25956

YAG:Ag nanophosphors — synthesis and
characterization

S. Shanmuga Sundari®’, S. Karthika?, A. Durairajan?, M.P.F. Graca?, M.A. Valente?

1 Department of Physics, PSGR Krishnammal College for Women, Coimbatore, 641004, India
2I3N-Aveiro, Department of Physics, University of Aveiro, Aveiro 3810 193, Portugal
* Corresponding author, e-mail address: shanmugi.s@gmail.com

Received 14 October 2021; accepted 14 December 2021; published online 30 December 2021

ABSTRACT

Yttrium Aluminium Garnet (Y3AlsO12)-YAG and Silver (Ag) of four different mol% in YAG (0.5, 1.0, 1.5 and 2.0
mol % of Ag) — YAG:Ag were synthesized by Pechini method. The synthesized pure YAG was white in colour
but the incorporation of Ag in the YAG matrix forms colour centre and turns to pink. The intensity of pink Ag
doped YAG is increasing with the increase in mol% of Ag. In the present work the synthesis and the preliminary
characteristics about the structure, morphology, elemental composition and optical properties were studied
using X-ray diffraction (XRD), Fourier Transform Infrared (FTIR), Scanning Electron Microscopy-Energy
Dispersive Spectroscopy (SEM — EDAX), Ultraviolet—visible spectroscopy (UV-Vis) and Photoluminescence
spectroscopy (PL). The sharp peak in the XRD reveals the good crystalline nature of the samples. The bending
and stretching vibrations of the oxygen groups associated with YAG was observed in FTIR spectra. Tube like
morphology was noticed in the SEM and increase in crystallite size is also perceived in YAG:Ag. The elemental
mapping by EDAX confirmed the purity of synthesised samples. UV spectra shows the absorption peaks due
to Ag incorporated in the YAG matrix. The PL spectra reveals the blue and green light emitting properties of
the synthesized YAG nanophosphors.

1. INTRODUCTION 800 °C and the average size of the particles was
about 70 nm. The photoluminescence spectrum of

Research and development of nanophosphors is a the crystalline YAG:Ce phosphors showed the
part of rapidly growing nanoscience and green-yellow emission with 5d— 4f transition as the
nanotechnology. YAG-based nanophosphors most prominent group. Similarly green phosphor
have drawn significant interest due to their YsGasO12: Th (YGG) was synthesized by Nanfei
excellent luminescence property, high physical Zhua et al [3]. The excitation spectrum is
stability and low synthesis cost. Doping of the rare dominated by the 4f—5d transition of Tb3* at 263
earth metals into the host matrix demonstrate an nm. The strong emission peaks for the heavily
approach to develop highly efficient and stable doped phosphors are observed at 489 and 543 nm.
nanophosphors for light and display devices. V. Tucureanu et al [4] reported that cerium doped
Especially these phosphors have applicability in yttrium aluminium garnet (YAG:Ce) phosphors
the field of colour television display, flat panel prepared by solid-state reaction method,
display, plasma display panels, device indicators, particularly the sol gel and (co) precipitation
automobile, headlights, etc. and hence they are methods. In addition to that the effect of co-doping
emerging as an important class of the optical with rare earth elements and the corresponding
materials [1]. red/blue shift in the spectrum was explained in
Recently, S.A. Hassanzadeh-Tabrizi et al [2] detail. It was seen that the transition from the
reported cerium-doped yttrium aluminium garnet amorphous phase to the crystalline phase appears
(YAG:Ce) powder that were synthesized by Pechini at 800 °C. Similarly Manisha Upasani et al [5]
method. They observed pure YAG phase only after synthesized Magnesium (Mg) co-doped YAG:Ce
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phosphors by single step combustion method by
mixed fuel at 500 °C. The doping effect of Mg on
the luminescence intensity of YAG:Ce was studied
and the results showed that the luminescence
intensity decreases significantly with the increase
of Mg concentration. Three polycrystalline powders
of Y-AI-O compounds, Ys3AlsO12 (YAG), YAIOs
(YAP), Y4Al209 (YAM) were reported by Masaaki
Harada et al [6]. It was noted that all the
compounds were obtained in a single phase.
Thermal analysis showed that the crystallization
temperatures were 900 °C for YAG and YAM, and
1100 °C for YAP, which was 300 °C lower than that
of sol-gel process and also reported the phase
change of each compound with temperature. Case
Collins Reza T et al [7] studied the excellent
luminescence performance of yttrium aluminium
garnet (Ys3AlsO12) phosphors as a function of
Chromium (Cr®*) concentration.

Yttrium aluminium garnet can be a useful matrix
to dope certain rare earth elements to enhance the
luminescent property of YAG. This paper reports
the preparation of pure Yttrium Aluminium Garnet
(Y3AlsO12)-YAG and YAG:Ag by Pechini method.
This may lead to differences in their optical and
luminescent properties. The synthesized pure YAG
was white in colour but the incorporation of Ag in
the YAG matrix forms colour centre and turns to
pink. The intensity of the pink is increasing with the

increasing mol% of Ag. In the present work the
synthesis and the preliminary characteristics about
the structure, morphology, elemental composition
and optical properties were studied using X-ray

diffraction (XRD), Fourier Transform Infrared
(FTIR), Scanning Electron Microscopy-Energy
Dispersive  Spectroscopy (SEM — EDAX),

Ultraviolet—visible spectroscopy (UV-Vis) and
Photoluminescence spectroscopy (PL).

2. EXPERIMENTAL DETAILS

Yttrium nitrate Y(NO3)3.6H20, aluminium nitrate (Al
(NOz3)3.9H20) silver nitrate (AgNOs) citric acid
(CeHsgO7), ethylene glycol (C2HsO2) and distilled
water (H20) of high purity (99.99%) from sigma
aldritch were used for the synthesis. Yttrium
Aluminium Garnet (Y3AlsO12) was synthesized by
Pechini method which involves stirring, drying and
calcination. Pure Al (NO3)39H20, Y (NOs3)s3.6H20
were used as cation source. These nitrate salts that
behaves as anion were dissolved in 80 ml of
distilled water and citric acid at the ratio of 1:2.
These metal salts were dissolved at molar ratio, Y:
Al of 3:5 respectively. This mixture was stirred until
a clear solution was obtained. Ethylene glycol
which acts as a polymerization agent was added
into the solution. The solution was continuously
stirred at 80 °C until the gel was formed. After the
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Figure 1. XRD pattern of YAG and doped YAG.
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gelation, the gel was dried in oven at 100 °C for 18
h. Then preheated for 4 h at 600 °C. This powder
was crushed and fired at 1200 °C for 4 h and pure
yttrium aluminium garnet nano powder was
obtained. In the case of Ag doped-Y3AlsO12, silver
was added in 0.5, 1.0, 1.5 and 2.0 mol % with the
cation source and stirred in 80 ml of distilled water.
Similar procedure of YAG was followed to
synthesis Ag doped YAG. In this work, AgO0.5,
Agl1.0, Agl.5 and Ag2.0 represents the 0.5, 1.0, 1.5
and 2.0 mol % of Ag in YAG matrix respectively. X-
ray diffractometer (Model Panalytical) was
employed using Cu-Kq radiation source operating
at 45 kV and 40 mA. Radial scans were recorded)
from 10° to 70°. FTIR spectra of YAG and Ag
doped YAG nano particles was observed by FTIR
spectrometer (Model: Nicolet 6700) having scan
range from 400 to 4000 cm™. The spectra were
observed in total reflectance mode at scanning rate
of 8 cm™. Field emission gun scanning electron
microscope (FEG-SEM) sigma-3 was used to
investigate morphology of nanoparticles while
energy dispersive spectroscopic analysis was
performed by Oxford EDS detector coupled with
FESEM (MIRA Tescan 3) at 20 keV energy for
elemental analysis. The UV-visible absorption
spectra of pure YAG and Ag doped YAG were
recorded using V-670 spectrophotometer (double
beam instrument) from 400 to 800 nm.
Spectrofluorophotometer - Shimadzu RF-5301PC
series is used to investigate the

photoluminescence property of synthesised nano
particles.

3. RESULTS AND DISCUSSION
3.1. Structural Properties
3.1.1. X-ray Diffraction (XRD)

X-ray diffraction (XRD) was performed to identify
the crystalline phases in the synthesized nano
phosphor powder. The XRD pattern is shown in
figure 1. The sharp and well-defined peaks indicate
the perfect crystalline nature of the YAG and Ag
doped samples. The recorded pattern is well
matched with the reported results of YAG phase
(JCPDS: 33-0040). There is no sign of any impurity
phase formation like yttrium aluminium perovskite
and yttrium aluminium monoclinic. This result
indicates that 1200 °C is the exact temperature to
synthesis YAG materials. The addition of Ag in
YAG does not show major changes in the XRD
peaks except a slight shift towards a lower angle
side. This suggests that there is expansion of YAG
matrix after the addition of Ag.

Scherer’s equation was used to calculate the
crystallite mean size (D), [8]
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Figure 2. FTIR spectra of YAG and Ag doped YAG.
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Figure 3. SEM microaraph of YAG and Aa doped YAG.

where k is dimensionless shape factor, A (1.5418
A) is x-ray wavelength and B is the line broadening
at full width at half maximum of diffraction peak
intensity. The crystallite mean size was calculated

for all the samples using major intense diffraction
peaks, resulting to 81nm for YAG. Whereas mean
values of crystallite size calculated for the Ag
doped YAG samples were 83 nm, 96 nm, 106 nm

Table 1. Elemental mapping results.

Element | Weight% | Atomic% Element | Weight% | Atomic%

YAG Agl5

OK 35.50 63.71 | CK 36.44 56.29

Al K 20.88 2221 | OK 26.07 30.23

YL 43.62 14.08 | AIK 11.83 8.13
YL 25.17 5.26
AgL 0.50 0.09

Total 100.00 100.00 | Total 100.00 100.00
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Figure 4. Elemental mapping of YAG and Agl.5.

and 122 nm for Ag0.5, Agl.0, Agl.5 and Ag 2.0
respectively. The increase in particle size coexist
with the lattice expansion.

3.1.2. Fourier transform Infrared Spectra (FT-IR)

FTIR spectra of YAG and doped samples are
shown in figure 2. The peaks 3718-3433 cm
represents the vibrations of absorbed water H20
which has O-H stretching vibrations [9]. The peaks
from 2954 cm™ to 2846 cm™ represents the C-H
(CH2+CHs) symmetrical and asymmetric stretching
vibration [10]. The peaks at 1789 and 1435 cm™
represents the COOH vibrations. The peaks at
800-400 cm represents the metal oxygen [M-O]
vibrations. Peaks at 763 cm™, 725 cm™, 692 cm*
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are metal oxygen vibrations corresponds to Al-O,Y-
0,Y-0O-Al stretching [11].

3.2. Morphology and elemental composition
3.2.1. Scanning Electron Microscope (SEM)

The surface micrographs are shown in figure 3 for
all the prepared samples. It is obvious that all the
samples are showing tube like morphology [12].
The minimum crystallite size was observed in
pristine YAG and the crystallite size is increasing
with Ag doping. In addition to that the melting of
edges is also seen in the Ag doped samples. This
may be due to higher sintering temperature [13,
14]. The bright spots in the Ag doped samples are
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owing to the presence of Ag. Elemental mapping
was done in YAG and Agl.5-YAG sample and the
results are shown in figure 4 and Table 1. It shows
that the atomic composition is in par with the
calculates values of YAG and Ag1l.5 obtained from
elemental analysis.

3.3. Optical properties

3.3.1. Ultraviolet - Visible spectroscopy (UV-
Vis)

Ultraviolet—visible  spectroscopy  refers to
absorption spectroscopy or reflectance
spectroscopy in part of the ultraviolet and visible
regions of the electromagnetic spectrum. The
absorption or reflectance in the visible range
directly affects the apparent color of the chemicals
involved. The electronic transition of atoms and
molecules occur in this region of the spectrum.
The optical absorption spectra of the pure YAG
and Ag doped YAG are shown in figure 5. The
absorption peak in the visible range at 420 nm is
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Figure 5. UV-Visible spectra of YAG and Ag doped YAG.
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Figure 6. PL spectra of YAG and Ag doped YAG.

Nanomaterials Science & Engineering

40

https://proa.ua.pt/index.php/nmse/



Nanomater. Sci. Eng., Vol. 3, No. 2, pp. 35-42 (2021)

RESEARCH ARTICLE

due to the incorporation of Ag in YAG matrix. The
narrow gap between the valence and conduction
band gives rise to surface plasmon resonance. The
area under the absorption peaks increase as
concentration of Ag in YAG increases. It can be
seen that this peak exhibit blue shift [14]. On the
other hand, the broad band absorption in the UV
region of spectra can be attributed to the inter-band
transition of electrons in silver nanoparticles [15].

3.3.2. Photoluminescence spectra (PL)

Photoluminescence spectroscopy is analytical
technigue that can determine quantities such as
emission and excitation spectra and luminescence
lifetimes. By this technique, a sample is excited by
photons and the excess energy released by the
sample through the emission of light can be
detected and recorded for different modes, i.e.,
excitation, emission and Iluminescence decay
lifetime. A spectrofluorometer is an instrument
capable of recording the emission spectrum or both
the excitation and emission spectra.

The PL spectra of YAG and Ag doped YAG
nanophosphors are shown in figure 6. The
luminescence properties of the pure and Ag-doped
YAG samples were investigated and the excitation
peak at 475 nm matches well with the blue light
emitting properties [11]. Thus, it reveals that YAG
sample can efficiently absorb the blue light. It is
noted that the PL spectra were composed of one
strong visible emission band positioned at about
578 nmin all the prepared YAG and Ag doped YAG
nanophosphors. The strong peak observed at 578
nm in pure YAG and Ag0.5 and Agl.0-YAG
corresponds to green emission [16].

4. CONCLUSIONS

Y3AlsO12 yttrium aluminium garnet nanophosphors
and Ag doped YAG was prepared by Pechini
method. The pure phase of YAG and cubic
structure was confirmed from the XRD pattern. The
peaks were indexed as per the JCPDS data. The
sharp peak in the XRD reveals the good crystalline
nature of the samples. Lattice expansion is
indicated by the shift towards lower diffraction
angle after the addition of Ag is also visible in the
XRD pattern. The bending and stretching vibrations
of the oxygen groups associated with YAG was
observed in FTIR spectra. Tube like morphology
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was noticed in the SEM and increase in crystallite
size is also perceived after Ag was doped in YAG
matrix. The melting of grain suggested that the
sintering temperature is high. The elemental
mapping confirmed the purity of synthesised
samples and it in accordance with the calculated
values. The absorption spectra at the range of 420
nm are obtained due to incorporation of Ag in YAG
matrix. The PL spectra reveals the excitation peak
at 475 nm which denotes the blue light emitting
properties and the strong peaks at 578 nm in pure
YAG and Ag0.5-YAG and Agl.0-YAG that
corresponds to green light emission hence proving
its luminescence property.

ACKNOWLEDGMENTS
SSS and SK acknowledge the grant
IUAC/XIIL.7/UFR — 66306 received from Inter

University Accelerator Centre, New Delhi, India for
providing financial support.

REFERENCES

[1] L. Yang, M. Chen, S. Yu, Z. Lv, S. Liu, Fabrication of
YAG glass ceramic and its application for light
emitting diodes, 13th International Conference on
Electronic Packaging Technology & High-Density
Packaqging, 1463-1466 (2012).

[2] S. A. Hassanzadeh-Tabrizi, Synthesis and
luminescence properties of YAG:Ce nanopowder
prepared by the Pechini method. Advanced Powder
Technology, 23, 324-327 (2012).

[3] N. Zhu, Y. Li, X. Yu, G. Wanyin, Synthesis and
luminescent properties of YGG:Tb phosphors by
Pechini method. Journal of Luminescence, 122, 704-
706 (2007),

[4] V. Schiopu-Tucureanu, M. Alina, A. Avram, Synthesis
and characterization of YAG:Ce phosphors for white
LEDs. Opto-Electronics Review, 23, 239—-251 (2015).

[5] M. Upasani, B. Butey, Doping effect of Mg on
photoluminescence properties of YAG: Ce phosphor,
International Research Journal of Engineering and
Technology 2, 2360-2363 (2015).

[6] M. Harada, M. Goto, Synthesis of Y-AI-O compounds
by a polymer complex method. Journal of Alloys and
Compounds 408, 1193-1195 (2006).

[7] B. A. Smith, R. T. Dabestani, L. A. Lewis, C. V.
Thompson, C. T. Collins, T. Aytug, Synthesis and
Luminescence Characteristics of Cr3+ doped
Y3AI5012 Phosphors; Ph.D. Thesis, Oak Ridge
National Laboratory, United States (2015).

[8] N. Iwashita, Chapter 2 - X-ray Powder Diffraction. In
Materials Science and Engineering of Carbon, Eds:
M. Inagaki, F. Kang._Butterworth-Heinemann, 7-25
(2016).

[9] J. Kyziot-Komosinska, C. Rosik-Dulewska, M. Pajak,
I. Krzyzewska, A. Dzieniszewska, Adsorption of
anionic dyes onto natural, thermally and chemically

https://proa.ua.pt/index.php/nmse/


http://dx.doi.org/10.1109/ICEPT-HDP.2012.6474883
http://dx.doi.org/10.1109/ICEPT-HDP.2012.6474883
http://dx.doi.org/10.1109/ICEPT-HDP.2012.6474883
https://doi.org/10.1016/j.apt.2011.04.006
https://doi.org/10.1016/j.apt.2011.04.006
http://dx.doi.org/10.1016/j.jlumin.2006.01.265
http://dx.doi.org/10.1016/j.jlumin.2006.01.265
http://dx.doi.org/10.1515/oere-2015-0038
https://www.irjet.net/archives/V2/i3/Irjet-v2i3401.pdf
https://www.irjet.net/archives/V2/i3/Irjet-v2i3401.pdf
http://dx.doi.org/10.1016/j.jallcom.2004.12.118
http://dx.doi.org/10.1016/j.jallcom.2004.12.118
https://doi.org/10.2172/1223077
https://doi.org/10.2172/1223077
https://www.elsevier.com/books/materials-science-and-engineering-of-carbon/inagaki/978-0-12-805256-3
https://www.elsevier.com/books/materials-science-and-engineering-of-carbon/inagaki/978-0-12-805256-3

RESEARCH ARTICLE

S. Shanmuga Sundari et al.

modified smectite clays. Polish Journal of Chemical
Technology 16, 33-40 (2014).

[10] V. Schiopu-Tucureanu, M. Alina, I. Mihalache, M.
Danila, M. Popescu, B. Bogdan, Synthesis and
characterization of YAG:Ce,Gd and
YAG:Ce,Gd/PMMA nanocomposites for
optoelectronic applications. Journal of Materials
Science 50 1883-1890 (2015).

[11] X. He, J. Liu, R. Li, B. Yang, K. Yu, M. Zeng, R. Yu,
Effects of local structure of Ce3+ ions on luminescent
properties of Y3AI5012: Ce nanoparticles. Scientific
Reports 6, 22238 (1)- 22238 (11) (2016),

[12] A. Ehsani, H. Shiri, J. Shabani, Synthesis and highly
efficient supercapacitor behavior of novel poly pyrrole
/ ceramic oxide nanocomposite film. RSC Advances
5, 91062-91068 (2015).

[13] L. Wang, F. Zhao, X. Yang, C.-Y. Pan, H. Huang,
Property of YAG: Ce3+ nanophosphors prepared by

Nanomaterials Science & Engineering

42

solvothermal method using triethylene-tetramine as
reaction solvent. RSC Advances 5, 26339-26345

(2015).

[14] L. Ptv, D. Priyanka, A. Arunachalam, Reduction of

Silver lons by Cell Free Extracts of Westiellopsis sp.
International Journal of Biomaterials 6, 1-6 (2015).

[15] Halimah Mohamed. K, M. G. Naseri, A. R.

Sadrolhosseini, A. Dehzangi, A. Kamalianfar, E. B.
Saion, R. Zamiri, H. A. Ahangar, B. Y. Majlis, Silver
Nanoparticle Fabrication by Laser Ablation in
Polyvinyl Alcohol Solutions. Chinese Physics Letters
31, 077803(1)- 077803(4) (2014).

[16] S. R. Rosario, I. Kulandaisamy, K. D. A. Kumar, K.

Ramesh, H. A. lbrahium, N. S. Awwad, Ag-doped
PbS thin films by nebulizer spray pyrolysis for solar
cells. International Journal of Energy Research 44,
4505-4515 (2020).

https://proa.ua.pt/index.php/nmse/


http://dx.doi.org/10.2478/pjct-2014-0066
http://dx.doi.org/10.2478/pjct-2014-0066
https://doi.org/10.1007/s10853-014-8751-9
https://doi.org/10.1007/s10853-014-8751-9
https://doi.org/10.1038/srep22238
https://doi.org/10.1038/srep22238
https://doi.org/10.1039/C5RA19863A
https://doi.org/10.1039/C5RA19863A
https://doi.org/10.1039/C5RA00580A
https://doi.org/10.1039/C5RA00580A
http://dx.doi.org/10.1155/2015/539494
http://dx.doi.org/10.1088/0256-307X/31/7/077803
http://dx.doi.org/10.1088/0256-307X/31/7/077803
https://doi.org/10.1002/er.5227
https://doi.org/10.1002/er.5227

