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Abstract

Modified sonochemical route was used to prepare Y,O3:Tm*" (1-11 mol %)
nanophosphor using Mimosa pudica (M.P.) leaves extract as bio-surfactant. The prepared
samples were exhibited high crystalline nature with various morphologies. This was due to
sonochemical experimental reaction took place between cavitation bubbles and nearby solution.
The average crystallite sizes of the prepared samples were about 15 nm to 21 nm as obtained
from PXRD and TEM analysis. The ultraviolet visible absorption spectra showed prominent
bands with an energy gap varied from 5.73 eV to 5.84 eV. Photoluminescence (PL) emission
spectra shows the prominent blue light emission peak at ~ 456 nm attributed to ‘D, — °F4
transitions of Tm** ions. The Judd-Ofelt intensity parameters were estimated by using PL
emission spectra. The photometric characteristics of the prepared compounds were very close to
the blue colour of NTSC standards. So the results were fruitful in making use of Y;05:Tm®"
nanophosphor as an alternative material for effective blue component in WLED's.
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1. Introduction

In the recent years, synthesis of nanophosphors with low cost and high efficiency creates
a new avenue for research community to develop components for efficient white light emitting
diodes (LEDs) [1, 2]. Among them rare earth (RE) ions doped inorganic nanophosphors were
explored as novel functional materials for display devices, catalysts, magnets, forensic and anti-
counterfeiting applications due to their excellent optical, chemical and physical properties [3-5].

In addition, the well-defined architectural tuning of inorganic nanophosphors still a
research focus due to the close interrelation between the chemical and physical properties of
materials and their geometrical factors such as shape, dimensionality, size and surface. Regular
patterned morphologies not only control their properties but also enhance the efficiency for the
most of the applications due to increased surface area to volume ratio and quantum confinement
effects [6]. Therefore, there were several wet chemical methods viz., combustion, sol-gel, co-
precipitation, and hydrothermal methods were employed but still faces issue of controlled
morphologies, uniform size and compositions [7-11]. Hence selection of appropriate synthesis
method to fabricate nanostructured materials with various morphologies creates numerous
interests for scientific community. Much research is necessary for the development of novel and
versatile synthesis routes which are readily adaptable for the synthesis of several nanostructured
materials with the possibility to extend for the industry needs. Among the various methods,
ultrasound assisted sonochemical route was powerful for the synthesis of nanostructured
materials. To initiate chemical reactions ultrasound irradiation provides moderately remarkable
reaction conditions including short duration of time, high temperature and pressure to end up
with a desired nanostructured products. The high intensity ultrasound force to acoustic
cavitation including formation, growth and implosive collapse of bubbles in reaction mixture

leads to various morphologies [12].



Yttrium oxide (Y203) was considered to be one of the best hosts due its wide spread
applications in the field of flat panels, optoelectronic devices, photo electronic industry and
biotechnological applications [13-16]. The RE ions doped Y,03 materials shows exceptional
luminescence properties such as narrow emission lines, long luminescence efficiency and high
color purity with high chemical and thermal stability [17, 18]. Among the various RE ions, Tm**
ions were considered to be the best dopants because of their excellent spectroscopic benefits and
donor as well as acceptor nature in cross- relaxation energy transfer mechanism which leads to
the avoid of unnecessary relaxation channels. Therefore, the selection of Tm** ions as dopants
creates interest due to its well known blue emission and simple transition states [19, 20].

The concept of green chemistry opens up as a new approach for the preparation of safer
nanostructured materials. In this point of view, memosa pudica (M.P.) leaves extract was
considered as a bio-surfactant for the preparation of Y,03:Tm*" (1-11 mol %) nanophosphor.
M.P. belongs to the family of Mimosae which was scattered throughout India and mostly
observed in moist surroundings and used in diagnosing astringent, acrid, cooling vulnerary,
alexipharmic, diuretic antispasmodic diseases etc. [21 - 23]. The leaves were rich in
phytochemicals such as tannins, steroids, saponins and flavonoids etc.

The present work is focused on the synthesis of doped Y,0s:Tm*" (1-11 mol %)
nanophosphor by facile ultrasound assisted sonochemical route using M.P. leaves extract as bio-
surfactant. The effectiveness and unique properties of ultrasound for the fabrication of
nanostructured materials was successfully explored. Also a detailed study was carried out to
investigate the formation of unusual surface morphology of the product occurred due to various

reaction conditions. Further to evaluate the potential applications of the prepared samples, the



photometric properties (PL, CIE and CCT) of Y,05:Tm*" (1-11 mol %) nanophosphor were

studied in detail.

2. Synthesis and characterization

Precursors used in the present study were Yttrium nitrate [(Y (NOs)s, Sigma Aldrich; 99.9%)],
Thulium nitrate [(Tm(NOgz); Sigma Aldrich; 99.9%)] and NaOH procured from Sigma Aldrich.
M.P. leaves extract was used as a surfactant. Fresh leaves of M.P. were collected and splashed
many times with deionized water. The leaves were then dried in air and kept for 15-20 days at
room temperature (RT). The dried leaves were crushed using agate mortar to get soft powder.
The sample was then introduced to successive solvent removal using thimble and Soxhlet
apparatus. Further, it was refluxed several times with the double distilled water for 72 h. Again
with the help of rotary flash evaporator the obtained extract was filtered. The deionized water
and the unwanted products were thrashed away on water bath and lastly it was dried in a
dessicator for further use as a fuel. The extract of M.P. (1 g) was dissolved uniformly in 90 ml of
deionized water by using magnetic stirrer. The precursor solution of yttrium nitrate and thulium
nitrate were taken in cylindrical beaker and mixed homogeneously using magnetic stirrer for
~ 15 min. Further, different concentration of M.P. extract (5- 30 % W/V) was added to the
resultant mixture slowly and pH level (1, 5, 7, and 9) of the solution was maintained by adding
NaOH under constant stirring. The obtained solution was irradiated with high intensity (300
W/cm?) ultrasonic radiation operating at ultrasonic frequency of ~ 20 kHz and irradiation time of
1 -6 hat a fixed temperature of 80 °C. After sonication, the precipitate was filtered using double
distilled water and alcohol. The obtained powder was dried at 80 °C for 3 h in a hot air oven and
further heat treated at ~ 700 °C for 3 h. Fig.1. shows the schematic diagram for the synthesis of

Tm?** doped Y03 nanophosphor.



PXRD measurements were carried out on a Shimadzu made (XRD - 7000) Powder X—ray
diffractometer in the 26 range of 20-70° using Cu-Ka (A = 1.54178 A) radiation. The electron
microscopy images were recorded by using Hitachi (TM - 3000 and H - 8100). Perkin Elmer
(SL 159) UV-Vis spectrophotometer was utilized to UV — visible data. The PL excitation and
emission spectra of the prepared samples were recorded by using Fluorolog-3 Jobin Yvon

Spectroflourimeter with 450 W Xenon lamp as an excitation source in the range 500 — 750 nm.

3. Results and discussion

Fig. 2. shows the SEM micrographs of Y,03:Tm*" (3 mol %) nanophosphor synthesized
with different sonication time (1 — 6 h) while concentration M.P. surfactant and pH value of the
solution were fixed at 30 % W/V and 9 respectively. When ultrasound irradiation time was at 1h
and 2 h, spike - like structures were observed (Fig.2 (a & b)). As the irradiation was extended to
3 hand 4 h, spike - like structures were undergo growth and start oriented in order direction was
observed in Fig.2 (¢ & d). Further, when the ultrasonic irradiation time was still prolonged to 5 —
6 h, the spike - like structures were orderly oriented in all direction and resembles to surface of
jackfruit was shown in Fig.2 (e & f). Thus it was confirmed from the aforementioned results that
the ultrasound irradiation time significantly affect the morphology of the product. In an
ultrasound assisted sonochemical synthesis route involves two types reactions (i) reaction
between cavitation bubble and nearby solution which leads to high crystalline product and (ii)
reaction take place within the collapsing bubbles leads to amorphous material. In the present
work, the synthesized samples were highly crystalline nature with various morphologies
evidences the reaction takes place in interfacial region involved in the formation of the

Y,03:Tm** (3 mol %) nanophosphor.



Fig.3. shows the effect of various concentration of M.P. extract on morphology of the
prepared Y,03:Tm*" (3 mol %) nanophosphor with 6 h of ultrasonic irradiation time and pH = 9.
When the M.P. extract concentration is 5 and 10 % W/V, spherical shaped structures to form
“hollow ball” like structure was observed (Fig. 3 (a & b)). When the concentration of M.P.
extract was increased to 15 — 20 % WI/V, spherical shaped surface structures undergo growth to
form spike like structures were shown in Fig. 3 (¢ & d)). Further, increase of M.P. concentration
to 30 % WI/V, spikes were orderly oriented to form “nano-Koosh ball” like structure was
observed (Fig.3 (e)). Schematic representation of formation of Y,03:Tm*" “nano-Koosh ball”
like structure with different concentration of M.P. was shown in Fig.4. The effect of M.P.
extract on formation of structures was explained based on the egg box model, where the
polymeric network of the contents of the M.P. wrap into complex network of in which the
Y,03:Tm*" ions gets trapped leaving behind the various structures as shown in Fig. 5.

The pH value of the solution was varied by adding NaOH to the reaction mixture and it
could greatly affect on morphology of the prepared product by altering size and shape due to
various factors including crystal- face attraction, electrostatic and dipolar fields associated with
the aggregate, Vander Waals forces, intrinsic structures and external factors leads to hierarchical
structures. It is noteworthy that, the pH of the precursor solution was maintained at 1 and 3, there
was a formation of fiber-like structures was observed (Fig.6). As the pH of the solution was
increased to 5, mix of fiber and spike - like structures were observed. Further, pH was increased
to 7 and 9, these fibers - like structures were dominated by further growth and were oriented in
different directions were observed in Fig. 6. These results were evident that the pH value has

played vital role in tuning the morphology of the product. The schematic representation for



demonstrate the nucleation, growth and collapse of a stimulated by ultrasound irradiation was
shown in Fig.7.

To know the effect of ultrasound irradiation, mechanical stirring for different time period
(1 — 6 h) was applied during the preparation of Y,03:Tm** nanophosphor. The irregular flakes
with small agglomerates (irregular) with micrometer sized particles were observed (Fig.8). It
evidence that, the ultrasound irradiation leads to stabilized cavitation for the formation of well-
crystallized structures. Hence, ultrasound irradiation assisted sonochemical route was a
synergistic approach to synthesize self assembled Y,0s: Tm*" structures with tunable size.

To evaluate the crystallite size, interplanar distance and crystallinity of the product,
analysis of TEM, HRTEM and SAED patterns of Y03 Tm*" (3 mol %) nanophosphor was
studied (Fig.9 (a-€)). The TEM images evident that the formation of agglomerated cubic- flake
like structures (Fig.9 (a) and (b)). The HRTEM images of Y03 Tm*" (3 mol %) nanophosphor
was shown in Fig.9 ((c) and (d)). The estimated crystallite size was found to be ~ 0.28 nm
corresponds to (222) plane. The obtained SAED pattern (Fig.9 (e)) shows the high crystallinity
of the prepared sample and the spots were well indexed to (211), (222), (400), (411), (420),
(332), (440), (611) and (622) planes.

The PXRD profiles of Y,03:Tm*" (1-11 mol %) nanophosphor were shown in Fig. 10 (a).
The sharp and intense diffraction profiles were confirm the formation of single cubic phase of
Y,03 and were well matched with standard JCPDS card No. 88-1040 [24]. With increase of
dopant Tm** concentrations, line broadening and peak shifting (222) towards higher angle side
was observed (Fig. 10 (b)). No impurity peaks were observed, indicating that dopant Tm** ions

were homogeneously mixed and occupied vacancy site of the host Y,03; matrix. The line



broadening of diffracted peaks were used to estimate the crystallite size of the prepared samples

by using Debye — Scherrer’s relation [25]:
D=KA/Bcos® = - (1)

Where ‘K’ is the shape parameter, for perfect spherical particles the value of K is 1 otherwise it
is taken as 0.87 to 0.9 for the particles of deviated from spherical shape. In our case K is taken
as 0.89. A ; the wavelength of the X-rays, B ; the full- width at half maximum (FWHM) and 0 ;
the angle of diffraction. The average crystallite size of Y,05:Tm>*(1-11 mol %) nanophosphor
were estimated and listed in Table 1. The line broadening of PXRD peaks were mainly due to
micro-strain present in the samples. Williamson — Hall (W - H) fitting method was used to
estimate the crystallite size and micro — strain present in the prepared samples using following

relation [26]:

Bcoseza(4sine)+% ------------------ (2)

where ‘4’ (FWHM in radians) was measured for different PXRD lines corresponding to
different planes, ¢; the strain developed, D; the crystallite size and 0; Bragg’s diffraction angle.
The average crystallite size and micro — strain present in the samples were estimated and

tabulated in Table 1. The W-H plots were shown in Fig. 10 (c).

The cubic structure of the prepared samples was confirmed through structural
Rietveld refinement by using Fullprof Program. The results were good agreement with observed
and calculated PXRD patterns (Fig.10 (d)). The structural refinement quality was measured by a
parameter called goodness of fit (GoF). In the present work, estimated GoF was found to be

~0.73. The estimated structural parameters of the prepared samples were estimated and given in



Table.2. The schematic diagram of unit cell of prepared Y ;03 nanophosphor was shown in inset
Fig.10 (e). The Visualization for Electronic and Structural Analysis (VESTA) program was used
to model unit cell [27]. The prepared Y,03; nanophosphor has a cubic phase with a space group
la — 3 and point — group symmetry m-3. The unit cell 16 units and 32 cations. The cubic structure
contains two symmetry cations sites C, and Cs;, both co-ordinates with six — fold with oxygen, as
shown in Fig.2 (d). The C, and Cg; sites were arranged over two Wyckoff positions 8b and 24d
local symmetry respectively. Wyckoff 48e positions were occupied by Oxygen ions. To
understand effective substitution of dopant Tm®" ions at Y** symmetry site, the acceptable

percentage difference was estimated by using following relation [25]:

where Ry, and Rg; radii of host material and dopant ion respectively. The ionic radii of Tm** and
Y** ions were close to each other and estimated value of D, was found to be ~ 2.13 %. This
shows that dopant Tm** ions were substituted easily at Y** symmetry site.

The diffuse reflectance (DR) spectra of pure and Y,03: Tm*" (1-11 mol %) nanophosphor
were recorded against standard BaSO, as a reference sample (Fig. 11). The spectra exhibits a
broad absorption band at ~ 223 nm (*Hg=> *Hg) was observed for both pure and doped samples
which confirm that light having absorbed in this particular wavelength. Further, the other bands
observed at ~ 328 nm (*Hg> 'Dy), 528 nm (*He=> 'Gs) and 727 nm (*Hs> °F3) in the DR
spectra were due to meta-stable energy states formed in between valence and conduction bands
by the Tm®" ions. However, in case of doped samples, the absorption band shifts toward lower

wavelength side (blue shift) due crystallite size effect [28].



From DR spectra, the direct energy band gap (Eg) was estimated by using Kubelka—Munk
theory [29]. The ratio of the light scattered from a thick layer of powder material and an ideal
non-absorbing reference sample was recorded with respect to the wavelength A [29]:

Rw = Rsample/ Rreference """""" (4)

The Kubelka—Munk function F(Ro) relay the diffuse reflectance of the sample (R.,), absorption

coefficient (K) and scattering coefficient (S) and was specified by the relation:

F(Rw)=(1;TRw)=§ ---------------- (5)

The E4 and linear absorption coefficient a of a sample was associated through the well-known

Wood - Tauc relation [30]:
chv=Chv-E J? e (6)

where hv ; the photon energy and C; ; proportionality constant. When the powder sample scatters
in completely diffuse behavior (or when it is illuminated at 60° incidence), the absorption
coefficient (K) becomes equal to 2a. Considering the scattering co - efficient (S) as constant with

respect to wavelength, and using Egs. (5) and (6), the following relation can be expressed:
[FR)MWF=C,(hv—E,) e )

From the plot of [F (R.) hv]® versus hv as shown in the Fig. 11(b), the value of Egy was obtained
by extrapolating the linear fitted regions to [F(R.,) hv]? = 0. The estimated Eg values from the DR
spectra using K-M function F (R.) were tabulated in Table 1. From the obtained Eg values, it
was evident that the band gap values were tuned after increasing the dopant concentration.

Fig.12 (a) shows the PL excitation spectra of Y,03: Tm** (1 - 11 mol %) nanophosphor
under emission wavelength at 456 nm. The spectra exhibits peaks at 359 and 300 nm were

attributed to ®Hg — D and ®Hg — 'l¢ transitions of Tm** ions respectively. Fig.12 (b) shows the



PL emission spectra of Y,03: Tm** (1-11 mol %) nanophosphor under the excitation wavelength
of 359 nm at RT. The spectra exhibit intense peak at ~ 456 nm (blue-light region) and a weak
peak at ~ 488 nm corresponding to the 'D,>°F; and 'G,>°Hs transition of Tm*" ions
respectively [19]. It was observed that, PL emission intensity of Y,03: Tm** nanophosphor at
456 nm increases upto 3 mol % and afterwards diminishes due to phenomena called
concentration quenching effect (Inset Fig.13). Concentration quenching phenomenon was due to
transfer of energy from one activator to the nearby ions. The distance between the two Tm*" ions

in Y,03 host was estimated by using critical energy transfer distance relation [31]:

e ®)

where V; unit cell volume, X critical concentration of Tm** ions and N; number of
crystallographic sites per unit cell. In the present case, calculated value of R, was found to be ~
8.975 A. The calculated value of R, was greater than 5A indicates that electric multipolar
interaction is responsible for concentration quenching. The electric multipolar interaction was

estimated by using the following relation [32]:

% = K[1+ ,B()()S:T """"" ©)

where y ; concentration of Tm** ions, Q ; a constant for electric multipolar interaction and K & P
; constants for the given host crystal under the same excitation condition. The value of Q was
estimated by plotting log (I/x) v/s log (x) and was shown in Fig.13. The figure clearly confirms
that the relation was approximately linear and the value of slope was about -0.717. The
calculated value Q was found to be 2.151 by linear fitting using Eq. (9) and was less than 6, .
This finding indicates that dipole—quadrupole interaction was main reason for the concentration

quenching in Y503 Tm*" (1-11 mol %) nanophosphor.



The Judd-Ofelt (J - O) analysis from PL emission spectra was an effective tool for
evaluating the RE ions concentration dependence spectroscopic parameters of various hosts [33,
34]. J - O intensity parameters (€, and Q) were explored to know the bonding character of RE
ions with its surrounding ligands and site symmetry of dopant [35]. The integrated radiative
emission rates between two transitions 'D,~>°F, and 'G,>*Hs was given by following relation

[36].

Ao-2,4 _ { '0-2,4} hvoqs | (10)
Ao loa || "Vo-2.4

where Iy 4 ; the integrated emission intensity and Avy.; ; the energy corresponding to transition
'D,>3F, and 'G,>%Hs. The forced electric dipole transition as a function of J - O intensity

parameters was expressed as:

Ao.2,4=64n4(v°'2’4)3e2[ . Jx ZQJ<1D0\U‘”\3F4>2 ----- (11)

3hC3 47[80 J=2,4

where y = n(n*+2)%9 : the Lorentz local field correction factor and n ; the refractive index
of host lattice. <1DO‘U“)‘3F4> > the square matrix elements corresponding transition of dopant

Tm?** ions [19]. Thus, by equating Eq. (10) and Eq. (11), intensity parameters (€, and Q) of
Y205 Tm* (1- 11 mol %) nanophosphor were evaluated and given in Table 3. The estimated J -
O intensity parameters Q, and Q, were due to short and long-range effect respectively. The value
of Q, predicts the maximum covalence among the Tm®" ions and the neighboring O%. The results
obtained from J-O intensity parameters (Q,> ) indicates the existence of covalence between
the Tm*" ion and the ligands along with surrounding the metal ion sites. Further, J - O intensity
parameters (€ and Q) of Y,03:Tm*" (1- 11 mol %) nanophosphor were utilized to estimate the

radiative parameters such as transition probabilities (Ar), radiative life time (tg) and branching



ratio ( ﬂ(z//J)) according to literature [37]. The radiative transition probability (At) was

determined by using the relation;

Ar (l//J ) = Z Ay 12)

=
The radiative lifetime (traq) Of an excited state can be expressed as

Trad (l//.] ): ﬁl//) _____________ (13)

The branching ratio S(y, )corresponding to the emission from an excited level to its lower level

was given by [37];

Bly )=% ------------- (14)

The measured branching ratio values for Tm** doped Y,0O3 nanophosphor was found to be ~ 1 >

0.50. The value suggests that present nanophosphor can emit laser radiation more effectively and
suitable for blue emitting display devices.

To evaluate the color emission of the prepared product the Commission International de
I’Eclairage (CIE) 1931 chromaticity co- ordinates were calculated and values were tabulated in
inset of Fig.14 (a). CIE diagram of Y,03:Tm*" (1- 11 mol %) nanophosphor, it was clearly
observed that chromaticity co-ordinates were positioned in the blue region and found to be close
to the standard NTSC coordinates (Fig.14 (a)). Also to estimate the applicability of the obtained
nanophosphor, correlated color temperature (CCT) was calculated by using CIE coordinates
(Fig. 14(b)). The light emitted can be converted in terms of CCT by using the McCamy empirical
formula [38]. If the lamp CCT value was less than 5000 K then it was considered as “warm”
light sources and the lamps with CCT value greater than 5000 K was considered as “cool” in

appearance [39]. The estimated CCT values were given in inset of Fig. 14 (b). The quantum



efficiency (QE) of the optimized Y,0s:Tm*" (3 mol %) nanophosphor was estimated by the

method described by De Mello [40] and Palsson [41]:

Number of photons emitted _ E.—E,

) e e n— (15)

" Number of photons absorbed - La—L¢

where, Ec ; the integrated luminescence of the phosphor caused by direct excitation, E, ; the
integrated luminescence from the empty integrating sphere (blank, without sample), L,; the
integrated excitation profile from the empty integrating sphere, L.; the integrated excitation
profile when the sample is directly excited by the incident beam. The QE for the optimized
Y,03:Tm** (3 mol %) nanophosphor with 359 nm excitation was estimated by integrated
emission counts from the 400-600 nm. The estimated value of QE was found to be ~ 47 %,
suggest the high QE of the prepared sample. However, in our previous studies the QE was found
to be 65 %, 61 % for MgO: Dy** [42], CeO,:Eu* [43] and YAIO;:Ho®" [44] respectively. Thus

the present nanophosphor can be used a cool blue component in lighting and display devices.

4. Conclusions

Blue light emitting Tm** doped Y,Os; nanophosphor were prepared by modified
sonochemical method using Mimosa Pudica plant extract as a bio-surfactant. Influence of
various reaction parameters such as sonication time, surfactant concentration and pH of the
precursor solution on the morphology of the product were studied in detail. PXRD and structural
refinement parameters confirm the cubic phase of prepared samples. The electric dipole—
quadrupole interaction was main reason for the concentration quenching in Y203 Tm*" (1-11 mol
%) nanophosphor. The photometric characterizations of prepared samples were estimated and
found to be fruitful for the design of efficient blue component of white phosphors for display and

lighting applications.
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Figure Captions:

Fig.1. Schematic representation for the preparation of Y,0s: Tm** (1 -11 mol %) nanophosphor
using M.P. extract as a surfactant.

Fig. 2.SEM micrographs of Y,0s: Tm** (3 mol %) nanophosphor synthesized with different
ultrasound irradiation time (1, 2, 3, 4, 5 and 6 h) while concentration M.P. surfactant and
pH value of the solution were fixed at 30 % W/V and 9 respectively.

Fig.3. SEM micrographs of Y,0s;: Tm** (3 mol %) nanophosphor synthesized with various
concentration of M.P. surfactant (5, 10, 15, 20 and 30 % W/V) with 6 h of ultrasonic
irradiation time and pH = 9.

Fig.4. Schematic representation for the formation of Y,03: Tm*" nanophosphor with different
concentration of M.P.

Fig.5. Possible egg box model for the trapping of Y-03:Tm®" ions in the network of flavonoids.

Fig.6. SEM images of Y,03: Tm** (3 mol %) nanophosphor with various pH values (1, 3, 5, 7 &
9) in the presence of M.P. (30 % W/V) and 6 h irradiation time.

Fig.7. The schematic representation to demonstrate nucleation, growth and collapse of bubbles by
ultrasound irradiation.

Fig.8. SEM micrographs of Y,03: Tm** (3 mol %) nanophosphor under mechanical stirring in the
absence of M.P. surfactant with different time (a) 1 h, (b) 2 h, (¢c)3h, (d)4 h, (e)5h & (f) 6
h.

Fig.9. (a & b) TEM images, (¢ & d) HRTEM images and (¢) SAED pattern of Y,03: Tm** (3 mol
%) nanophosphor.

Fig.10. (a) PXRD patterns, (b) Shifting of (222) PXRD peak towards higher angle side, (c) W - H
plots, (d) Rietveld refinement pattern (Inset: schematic representation of unit cell) and
(e) cationic site symmetry of Y,03:Tm*" (1 — 11 mol %) nanophosphor.

Fig.11. (a) DR spectra and (b) Energy band gap (Eg) of Y,03:Tm*" (1- 11 mol %) nanophosphor.

Fig.12 (a). PL excitation spectra and emission of Y,05:Tm*" (1-11 mol %) nanophosphor.

Fig.13. Logarithmic plot of (1/X) as a function of the concentration (X) (Inset: Variation of PL
intensity with Tm®" concentration).

Fig.14 (a). CIE chromaticity diagram and (b) CCT diagram of Y,Os: Tm*" (1-11mol %)
nanophosphor (Inset: Their corresponding CIE and CCT co-ordinates).



Table Captions:

Table.1. Estimated crystallite size, Full width half maxima (FWHM), strain and energy band gap
(Eg) values of Y,0s: Tm?** (1-11mol %) nanophosphor.

Table.2. Rietveld refinement data of Y,03: Tm** (1-11 mol %) nanophosphor.

Table.3. Judd — Ofelt intensity parameters, radiative transition probability, radiative lifetime and
branching ratio of Y,03: Tm** (1-11 mol %) nanophosphor.
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Fig.1. Schematic representation for the preparation of Y,03: Tm** (1 -11 mol %) nanophosphor
using M.P. extract as a surfactant.
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Fig. 2.SEM micrographs of Y,0s: Tm** (3 mol %) nanophosphor synthesized with different
ultrasound irradiation time (1, 2, 3, 4, 5 and 6 h) while concentration M.P. surfactant and
pH value of the solution were fixed at 30 % W/V and 9 respectively.
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Fig.3. SEM micrographs of Y,0s: Tm*" (3 mol %) nanophosphor synthesized with various
concentration of M.P. surfactant (5, 10, 15, 20 and 30 % W/V) with 6 h of ultrasonic
irradiation time and pH = 9.



Fig.4. Schematic representation for the formation of Y,03: Tm** nanophosphor with different
concentration of M.P.
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Fig.5. Possible egg box model for the trapping of Y,03:Tm®" ions in the network of flavonoids.
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Fig.6. SEM images of Y,03: Tm** (3 mol %) nanophosphor with various pH values (1, 3, 5, 7 &
9) in the presence of M.P. (30 % W/V) and 6 h irradiation time.



Fig.7. The schematic representation to demonstrate nucleation, growth and collapse of bubbles
by ultrasound irradiation.



Fig.8. SEM micrographs of Y,03: Tm*" (3 mol %) nanophosphor under mechanical stirring in
the absence of M.P. surfactant with different time (a) 1 h, (b) 2 h, (c) 3 h, (d)4h,(e)5h
& () 6 h.




Fig.9. (a & b) TEM images, (c & d) HRTEM images and (e) SAED pattern of Y,03: Tm** (3 mol
%) nanophosphor.
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Table.1. Estimated crystallite size, Full width half maxima (FWHM), strain and energy band gap
(Eg) values of Y,0s: Tm** (1-11mol %) nanophosphor.

Crystallite size (nm)
Y,03: Tm®* FWHM

(mol %) (107 rad) Scherrer’s W-H Strain (g ) Eq (eV)
method method x 107
1 6.99 21 19 1.2 5.73
3 8.25 17 17 1.8 5.76
5 7.87 18 15 0.68 577
7 8.30 17 21 1.6 5.79
9 8.96 16 19 1.2 5.82

11 8.84 16 21 1.45 5.84




Table.2. Rietveld refinement data of Y,03: Tm** (1-11 mol %) nanophosphor.

Hermann-Mauguin Symbol with space group: | a -3 (206); Hall Symbol: -1 2b 2c 3; Crystal System:

Cubic; Laue Class: m-3
Y,05:Tm®* Y,0:Tm*  Y,0::Tm*  Y,0::Tm*  Y,0::Tm*  Y,05:Tm*
(1 mol %) (3mol%) (5mol %) (7 mol %) (9mol %) (11 mol %)
a=bh=c 10.6126 (2) ~ 10.6068(5) 10.6041(1) 10.6040(3) 10.6142(2)  10.6049(3)

(R)

Cell 1195.30 1193.30 1192.41 1192.37 1196.16 1192.324
Volume

(A%
X- ray 3.455 3.528 3.461 3.517 3.515 3.531
Density
(g/cm?)

Ry 3.36 3.26 3.38 3.23 3.06 3.38
Rup 6.37 7.17 7.29 7.13 6.88 7.27
Rexp 7.25 8.53 8.37 8.37 8.37 9.31

Reragg 2.93 1.87 2.15 1.80 1.60 1.77
Re 4.04 243 2.80 181 1.64 1.96
XZ 1.14 1.18 1.15 1.17 1.22 1.28

Atomic Coordinates
Y1

X -0.0278 -0.0297 -0.02785 -0.0293 -0.0297 -0.0297

y 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

z 0.2500 0.2500 0.2500 0.2500 0.2500 0.2500

Occupancy  0.9007(12) 0.8996(7) 0.9007(6)  0.8996(14)  0.8996(8) 0.8996(4)
Tml
X -0.0278 -0.0297 -0.02785 -0.0293 -0.0297 -0.0297
y 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000




z 0.2500 0.2500 0.2500 0.2500 0.2500 0.2500
Occupancy 0.6274(15) 0.6325(12) 0.62740(10)  0.6325(1) 0.6326(7)  0.63256(11)
Y2

X 0.2500 0.2500 0.2500 0.2500 0.2500 0.2500

y 0.2500 0.2500 0.2500 0.2500 0.2500 0.2500

z 0.2500 0.2500 0.2500 0.2500 0.2500 0.2500
Occupancy  0.3230(4) 0.3230(6)  0.32304(7) 0.3230(12)  0.3230(3)  0.3231(27)

Tm2

X 0.2500 0.2500 0.2500 0.2500 0.2500 0.2500

y 0.2500 0.2500 0.2500 0.2500 0.2500 0.2500

z 0.2500 0.2500 0.2500 0.2500 0.2500 0.2500
Occupancy  2.1355(1) 0.1081(5)  0.0057(6)  0.1081(11)  0.1081(7)  0.1081(11)

O

X 1.3911 1.3928 1.3914 1.3931 1.3932 1.3929

y 2.3418 2.3439 2.3452 2.3456 2.3446 2.3439

z 0.8673 0.8792 0.8804 0.8818 0.8828 0.8792
Occupancy  2.3650(2) 2.1962(7)  2.1290(12) 2.1584 (17) 2.1828(18)  2.1962(13)



Table.3. Judd — Ofelt intensity parameters, radiative transition probability, radiative lifetime and
branching ratio of Y,03: Tm** (1-11 mol %) nanophosphor.

J-0O intensity
3+ parameters At Trad Br
Tm™ conc. (x10'2° sz) (3-1) (ms)
(mol %)
Q, Q4
1 2.7 2.56 163 6.1 0.994
3 2.6 2.52 154 6.4  0.985
5 3.1 2.53 164 6.5 1.06
7 3.3 2.71 177 5.7 1.0
9 2.8 2.52 156 6.6 1.02

11 3.2 2.81 172 5.7 0.98




Graphical Abstract



Highlights:

Y,03:Tm** nanophosphors were prepared via modified sonochemical method.
Prepared nanophosphors were characterized by techniques advanced techniques.
Blue light emitting photoluminescence property was exhibited by the samples.
Prepared samples were potential candidate for cool white light emitting display.



