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ABSTRACT

Tb>-activated gadolinium-based nanophosphor series was fabricated via a
simple solution combustion (SC) methodology. Orthorhombic crystal lattice
having space group Pnma (62) with irregularly shaped particles with sizes
between 37 and 53 nm was formed. Morphological features were examined via
transmission and scanning electron microscopic techniques (TEM and SEM).
The elemental analysis was carried out through energy dispersive technology.
On near-ultraviolet (NUV) stimulation, luminescence spectra presented a bright
green emission at 546 nm wavelength corresponding to the electronic transition
D, — "Fs. The decay lifetimes, quantum efficiency, and non-radiative rates
were also examined. The energy bandgap was examined via diffuse reflectance
(DR) spectroscopy. The color coordinates lay in the greenish field, thus con-
firming their latent contention in phosphor-converted white light-emitting
diodes (pc-WLEDs) and other advanced lighting applications.
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[1, 2]. The conventional LEDs are mass-produced by
incorporating Ce®>" ions in yellow garnet (YAG:Ce;
Y3_.Gd, Als_,Ga,O»:Ce) at an excitation wave-
length of 450-470 nm. But the red constituent in this
type of LED is not sufficient, due to which their color
temperature is lower [3]. Nowadays, as the global
energy weights are growing, there is much necessity
for such type of green energy capital. SSL technology

1 Introduction

Nanotechnology, a new innovative technology, has
been evolving as a fascinating target for material
scientists due to its potential claims in the generation
of white light-emitting diodes for solid-state lighting
(SSL) purposes. These types of LEDs have more
reimbursements than conventional incandescent

lamps like less energy feeding, mercury less, an
environment-friendly nature, and higher durability
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plays a crucial role in this direction. To overcome the
downsides of conventional LEDs, SSL technology
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includes one-step production of single-phase wLEDs
and NUV-LEDs covered with RGB (Red—Green-Blue)
phosphors having good color rendering index (CRI)
and chromatic stability [4, 5].

A different proportion of RGB-based phosphors
have been widely used with rare-earth-doped
nanophosphors due to their durable spectra obtained
in the visible region owing to the internal configu-
ration changes between diverse f-states [6-13]. To
make rare-earth-activated nanophosphor, the degree
of occurrence of host matrices has been determined.
Gadolinium-based host matrices form an imperative
class of matriculants in inorganic chemistry due to
the various structural alignments of the Gd-O unit.
The current work has been done to develop a green-
emitting series of Tb”>*-doped BaSrGd,Os, phosphor
for PC -WLED fabrication with good thermal
strength. In reports formerly, Hina et al. blended and
synthesized dysprosium-doped BaSrGd,Og
nanophosphor, with an effective heat dissipation
solution-combustion approach and heat treatment of
1100 °C for 3 h [14]. There are many reports available
for the UV source-excited nanophosphors for the
fabrication of wLEDs and other SSL purposes e.g.
Sangeeta et al. synthesized the color-tunable
nanocrystalline SrGd,Al,0,:Tb>* phosphor for solid-
s lighting applications having good luminescent
properties of Tb>* ions [15]. Heena et al. studied the
luminescent properties of Tb>*-doped BaLa,ZnOs
nanoparticles for SSL and display technology [16].
Jyoti et al. studied the radiative rates of the multi-
functional BasZn,YsO,:Tb*" nanorods [17]. Sushma
et al. studied the influence of Tb>" doping on the
structural and down-conversion luminescence
behavior of SrLaAlO, nanophosphor for R-G-B-based
white LEDs [18].

For the best information of the author; no report of
optical behavior, atomic locations, or crystallographic
treatment of the BaSrGd,Og:Tb>" system was found.
The stable crystal structure of BaSrGd,Og:Tb>"
nanophosphor is reached at 1100 °C for 3 h, which
facilitates commercial production. White LEDs can be
made by combining a near-ultraviolet LED or UV-
LED with tricolor phosphor red, green, and blue
(RGB). So, here we have selected Tb>* ions as triggers
to act as green components for the production of
wLEDs. Among the numerous wet chemical
approaches accessible for the production of
nanophosphor, we have utilized the urea-aided SC
approach as it is best known for its combination of
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low temperature with virtuous consistency and better
purity products [19]. In addition, X-ray diffraction
(XRD) and optical analysis were performed and dif-
ferent optical and crystallographic features were
studied.

2 Experimental
2.1 Phosphor fabrication

An effective SC technic was used to fabricate the
series of Tb>*-doped BaSrGd,Og nanophosphor. The
precursors used in the fabrication of Tb**-doped
BaSrGd Os were barium nitrate, gadolinium nitrate,
strontium nitrate, terbium nitrate, and urea with a
purity of 99.99% (Sigma Aldrich). The stoichiometric
values of all precursors are calculated from propel-
lant chemistry using their oxidizing and reducing
valancies. All the starting materials were dissolved in
a minimal amount of deionized H,O in a borosil
tumbler and placed on a warm plate for approxi-
mately 8-12 min [12, 13]. The solution containing all
the ingredients was then fired at 500 °C for
10-15 min. The radiant heat emission reaction occurs
which increases the reaction temperature to
1400-1600 °C. Large volumes of gases such as Ny,
CO,, and H,O vapor were also released and gener-
ated a solid powder which was then crushed and
pulverized. The milled residue was then calcinated at
1100 °C for 3 h in the furnace and stored in a desic-
cator for more depiction. The schematic procedure to
fabricate the above nanophosphor has been shown
through a flow diagram in Fig. 1.

2.2 Characterizations executed

Phase investigation of synthetic nanoparticles was
performed using powder X-ray diffraction (PXRD)
performances recorded with a highly advanced and
sophisticated diffractometer of Japan (Rigaku Ultima
IV) and the standard technique of refinement, i.e.
Rietveld refinement. The outlines of PXRD are doc-
umented in a range between 10° and 80° having a
scan rate of 2°/min and scanning steps of 0.02°. To
produce X-rays, CuKo radiation with a wavelength of
0.15405 nm, 40 mA (tube current), and 40 kV (tube
voltage), were utilized to form the PXRD circuit.
Chebyshev’s modified function consisting of triple
terms was cast-off to refine the background using the
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Raw Constituents
‘ Dissolve in distilled water

Homogeneous mixture

‘ Heat at 500 °C for 5 min

Fluffy product
‘ Ground to powder form

Sinter at 1100 °C for 3h

‘ Again ground

Desired Nanophosphor

Fig. 1 A schematic flow diagram for the fabrication of Tb>*-
doped BaSrGd,Og nanophosphor

GSAS (General Structural Analysis System platform)
[20-25].

Size and morphological aspects were analyzed
using FEI TECNAI T20 S TWIN TEM (Thermofisher))
and SEM (JEOL-JSM). The energy dispersive X-ray
analysis i.e. EDAX (AMETEK) system evaluated the
quantitative existence of numerous constituents in
nano samples. Electrical power is maintained at
15 kV with 11 mm of operating distance. Longevity,
color links, and photoluminescence properties were
investigated using the Xe lamp spectrophotometer
(Hitachi F-7000). It tracks the exciting and emission
spectra, having photomultiplier tube (PMT) voltage
(700 V), and the slit width (5 mm). DR spectroscopy
was aided to study the energy gaps of the host lattice
and doped nano sample.

3 Outcomes and discussion
3.1 Structural analysis

The crystalline structural study was accomplished
with PXRD investigation and the resulting sample
was found to be consistent with the typical host
matrix framework provided by crystallographic
information file (CIF) with # 1532345 (Fig. 2a). In
addition, both the main matrix and the doped sample
were purified using the Rietveld purification process
to confirm the formation of orthorhombic phased
nanocrystals. Table 1 covers a contrast between cell
sizes of pure host matrix and doped nanocrystalline
samples. The minor changes in crystal parameters
confirm that the BaSrGd,Os host matrix and doped
BaSrGd; gTby,Os configuration share a similar
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prototype. The distinct cell constraints after purifi-
cation attained the values with a = 10.3147 A,
b=34973 A and c=121631 A, V (volume of the
cell) =438.07 A%, Z=2 and a=pf=7y=90° The
results of the Rietveld refinement over the host as
well as doped optimal nanocrystals are shown in
Fig. 2b and c. The measurement results of the latter
are ){2 = 1.621, R, = 8.89%, and wR, = 9.78%. Table 1
shows a slight decline in the cell volume afterward
inserting larger Gd>* ions with somewhat smaller
Tb>" ions. This modification can also be supported by
the declaration [26, 271]:

r o Rm(CN)

x 100, (1)

here CN mentions the coordination number of
cations, R,, (CN) refers to the radiation of host
cations, and Ry (CN) reports the effective ionic radius
of doped cations. The A, value of the Gd** and Tb>"
pair was 1.07%. This figure is less than 30% and is
compatible with healthy alternatives [28-30].
Numerous refined parameters and relative occupan-
cies of different elements present are collected in
Table 2. The various lengths of the bonds formed and
the crystallographic analysis of the fabricated sam-
ples were resolute by a software called ‘Diamond’
through the CIF file generated after refining. The
various lengths of the bonds involved are concise in
Table 3. The distinct sites of the prepared
nanophosphor unit cell are highlighted in Fig. 2d
along the c-axis showing that Gd**/Tb’>" ions are
bounded by six oxygen atoms with an octahedral
space and Ba/Sr atoms form a square antiprismatic
structure with oxygen atoms.

Additionally, the average extents of the made-up
crystals were figured out as per Scherrer’s formula-
tion [31, 32] as below:

_0.941)

~ PeosO”’ @)

here D = mean crystallite dimension, 4 informs about
the X-Ray wavelength generated (0.1540 nm), f
points towards the full width at half maxima
(FWHM), and 0 informs the diffraction angle. With
these certain parameters, the mean extent of the
manufactured nanocrystals was found 46 nm. Crystal
size variation was also studied in Fig. 2e and found
to increase with high dopant composition due to
more agglomeration taking place at high
concentrations.
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Fig. 2 a Combined PXRD patterns of BaSrGd, 4,Tbs,Og
(x = 1.0-10.0 mol%) nanophosphor. b Rietveld refinement over
host matrix BaSrGd4Og yielding refined parameters of
wRp = 10.05%, Rp=8.70% and y*>=1525. ¢ Rietveld
refinement over optimized nanophosphor BaSrGd;gTbg,0g
yielding refined parameters of wRp = 9.78%, Rp = 8.89% and

3.2 Morphological features

The crystallite size of BaSrGd;sTby,Og nanophos-
phor was also established by TEM examination
(Fig. 3a) and originated to lie in the nano-range.
Selective area electron diffraction (SAED) frame-
works (Fig. 3b) have confirmed the crystallinity of
nanophosphor due to the presence of concentric
fringes and improved luminescence efficiency was
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Dopant Concentration (mol%)
¥* = 1.621. d Overall crystal structure of the optimized sample
BaSrGd; gTby,0g along with coordination spheres of various
types of atoms present. e Crystal size variation with dopant
concentration  for BaSrGdy.4,Tbs,Og  (x = 1.0-10.0 mol%)
nanophosphor

obtained. SEM micrograph of the optimal sample is
shown in Fig. 3c to verify the hollow, cracked phase
of the fixed sample caused by the combustion
method of the solution. Basic quantitative research is
done on an energy dispersive spectrum (EDS) map
using the EDAX (AMETEK) platform. The EDS range
of all elements is also documented in Fig. 3d and the
basic map confirmed the existence of only Ba, Sr, Gd,
Tb, and O elements (Fig. 3e).
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Table 1 A comparison between crystal structure parameters of
pure host matrix BaSrGd,Og and optimized nanophosphor
BaSer3_gTbo_20g

Formula BaSrGd,Og BaSrGd; gTby ,Og
Formula weight (g mol™")  122.74 122.80
Symmetry Orthorhombic ~ Orthorhombic
Space group Pnma (62) Pnma (62)

a (R) 10.3168 10.3147

b (A) 3.4956 3.4973

c (A) 12.1540 12.1631

z 2 2

o = f§ =y (degree) 90 90

Cell volume(A®) 438.31 438.07
Density (g cm™>) 7.4398 7.4421
Pearson code oP28 oP28
Formula type NO2P4 NO2P4
Wyckoff sequence c7 c7

3.3 Optical study

In the 200-800 nm wavelength domain, the UV-DR
spectrum of the host matrix and optimal composition
of nanocrystalline phosphor were documented and
used to figure out the energy bandgap. Kubelka and
Munk nominated a generalization to figure out the
same as below [33-37]:

(1-Ry)* K

F(ROO):W:§7 3)

hv = —12}40, 4)

here F(Ry,) stands for the ‘Kubelka—Munk function’,
S the scattering and K, the absorption coefficient, hv

J Mater Sci: Mater Electron (2022) 33:19958-19970

Table 3 Various interatomic distances (A) in the crystal structure
of BaSrGd; s Tb, ,Og nanomaterials

Bond type Distance (A) Bond type Distance(A)
Gd1/Tb1-03  2.2877(4) x 1 Gd2/Tb2-03  2.2688(3)x2
Gd1/Tb1-01  2.3461(3)x2 Gd2/Tb2-01  2.2779(4)x1
Gd1/Tb1-04  2.3521(3)x1 Gd2/Tb2-02  2.3925(3)x1
Gd1/Tb1-04  2.3522(3) x1 Gd2/Tb2-02  2.3926(3)x1
Gd2/Tb1-04  2.3949(5)x1 Gd2/Tb2-03  2.2692(3)x2
Gd2/Tb2-02  2.3442(4)x1 Gd1/Tb1-03  2.2871(4)x1
Gd2/Tb2-02  2.3925(3)x1 Gd2/Tb2-03  2.2688(3)x2
Gd2/Tb2-02  2.3926(3)x1 Gd2/Tb2-01  2.2779(4)x1
Gd2/Tb2-03  2.2692(3)x2 Gd2/Tb2-02  2.3442(4)x1
Gd1/Tb1-03  2.2871(4)x1 Gd2/Tb2-02  2.3931(3)x1

wavelength utilized. After this generalization, the
energy bandgap was resolved as follows:

[F(Ra)]"= C(hv — Ey), (5)

"

here C represents a constant term and the entity “n
has a static value of 0.5 for indirect permitted, 1.5 for
direct inhibited, 2 for direct permitted, and 3 for
indirect inhibited The =x-
axis tangent plot between (¢hv)® and hv for the host
as well as optimized nanocrystal straight gives the -
bandgap value (Fig. 4a, b). The bandgap for the
optimal sample was recorded at 5.10 eV and for the
host matrix to be 5.27 eV [14]. These bandgap values
are very similar to those of Wide Gap Semiconduc-
tors (WBG), which have subsequent effects on
laser equipment, military radar, and wLEDs [38, 39].
A lesser bandgap value of the earlier is owing to the
occurrence of a few additional electronic energy
states assembling in the fabricated nanocrystals for

electronic translations.

reports the single-photon energy, and /1 the fine light emission.

Table 2 Numerous refined

atomic parameters and Label Ion type Wyck Occupancy x/a y/b z/c u (A%

;Csurpé‘;‘:f;b‘:i o, Gd1 Gc123+ 4c 0.95 0.4209 1/4 0.6120  0.0000

nanophos-phor. system Bal ng 4c 0.50 0.7514 1/4 0.6488 0.0000
02 (0] 4c 1.0 0.1215 1/4 0.4830 0.0000
Srl St 4c 0.5 0.7514 1/4 0.6488 0.0000
03 Ba’t 4c 1.0 0.5050 1/4 0.7860 0.0000
Gd2 Gd**+ 4c 0.95 0.4236 1/4 0.1117 0.0000
Ol 0>~ 4c 1.00 0.2140 1/4 0.1707 0.0000
04 0> 4c 1.0 0.4300 1/4 0.4152 0.0000
Tbl Tb+ 4c 0.05 0.4209 1/4 0.6120 0.0000
Tb2 TH>* 4c 0.05 0.4236 1/4 0.1117 0.0000
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Fig. 3 a—c respectively
represent TEM, SAED, and
SEM patterns of
BaSrGd; gTb( ,O0g
nanophosphor representing the
surface morphology and
crystallinity of the prepared
nanophosphor. d EDS
spectrum of optimal
nanophosphor
BaSrGd; gTby ,0g. e Energy
dispersive maps of all
elements present in optimized-
doped nanophosphor
BaSrGd; gTby ,Og
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Fig. 4 a Tauc’s plot to determine bandgap (E,) for host matrix
BaSrGd,Og along with respective DR spectrum in the inset.
b Tauc’s plot to determine bandgap (E,) for optimized
nanophosphor  BaSrGd; §Tby,0g with corresponding DR
spectrum in the inset

3.4 Luminous features

Small broadband centered at 240 nm is available in
the excitation spectra of the Tb>*-doped BaSrGd,Og
nanosample (Fig. 5a). This band occurs due to a
charge transfer from O*" to Tb’" to Also, other
maxima appear at 282, 312, 341, 368 nm emanating
from 5D4 - Sd, 7F6 g 5H6, 7F6 - 5L9, and 7F6 - 5L10
electronic transformations, which makes nanophos-
phor compatible with striking UV excited wLEDs.
The excitation peak at 282 nm owing to the electronic
transition from the °D, — 5d state is the character-
istic electronic transition of green emitter trivalent
terbium ion, this time acting as an activator [40-43].
Therefore, the emission spectra (Fig. 5b) are docu-
mented utilizing this wavelength i.e. 282 nm in the
400-650 nm domain. Each specific energy conversion
resembles an explicit wavelength, e.g. electronic

@ Springer
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transition °D; — “F5 is at 412 nm, °D; - “F, at
448 nm, °Dy — Fg at 490 nm, °D, — “Fs at 546 nm,
D, » 7F, at 591 nm, and °D, — “F; at 625 nm.
Among these, the utmost powerful transformation at
546 nm is attributed to °D, — “F5 electronic transi-
tion [44, 45]. Figure 5c describes the flow chart of the
numerous energy stages along with different elec-
tronic conversions (also depicted in Table 4). The
disparity between luminance power and activator
composition was also examined in Fig. 5d. Note that
the photoluminescent (PL) power first begins to
upsurge up to 5.0 mol% and thereafter begins to
decline. This decline in PL intensity owing to the
concentration scavenging phenomenon due to non-
radiant energy loss. There may many possible rea-
sons for this, including radiation reabsorption,
exchange interactions, and multipolar communica-
tions [46]. As no overlap was observed in the PL
spectrum, so the possibility of radiation reabsorption
is negligible. Critical distance plays a crucial role in
deciding the character of energy exchange among
activator ions that could happen only when the for-
mer does not exceed 4 A. Blasse’s formulation helps
in this type of situation as follows [47-49]:

3v 13
R. =2 ,
LMxCN} (6)

where x indicates the composition of the dopant with
maximum PL intensity, V indicates the unit cell vol-
ume, and N indicates the cation numbers present in a
single unit cell. With these constraints, R. originated
to be 10.5 A which is higher than the critical distance
permissible (5 A)to implement the exchange process.
Consequently, the most accepted concentration
scavenging mechanism may be the d—d exchange, d—g,
or g—q kind. The category of exchange, in this case,
can be determined using Dexter’s formula [50, 51]:

tog(;) =~ J1o8(x) + tog(f), )

here I/x indicates the emanation intensity fraction of
Tb>" ions to the composition and d indicates the
dimensions of the nanocrystalline sample, in this
case, it is 3, and x stands for the composition of the
trivalent erbium ions, superior to the optimal com-
position, and s represents a constant term having
interaction values for qq, dq, and dd are 10, 8, and 6,
correspondingly. The log(I/x) vs log(x) graph
(Fig. 5e) shows a linear fit having a slope value of
— 1.7425 delivering a value of s = 5.2275 ~ 6. This is
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«Fig. 5 a Combined PL excitation spectra of BaSrGd,_4,Tbs,Og
(x = 1.0-10.0 mol%) nanophosphor recorded at Ae;, = 546 nm.
b Combined 3-D PL emission spectra of BaSrGd, 4, Tbs,Og
(x = 1.0-10.0 mol%) nanophosphor recorded at A., = 282 nm.
¢ An elaborative energy level diagram presenting distinct
electronic transitions in different energy levels for the terbium-
doped BaSrGd,Og nanophosphor. d Relation between PL
emission intensity and concentration of dopant ions (mol%) for
BaSrGd,Og:Tb>" nanophosphor. e A linear variation between
Log(I/x) and Log(x) in BaSrGd4Og:xTb>" (x = 5.0-10.0 mol%)
nanophosphor. f Inokuti-Hirayama model fitted plot resulting in a
value of S =6 for optimized nanophosphor BaSrGd; gTbg,Os.
g Lifetime decay curves of BaSrGd,Og:xTh>*
(x = 1.0-10.0 mol%) nanophosphor recorded at ., =282 nm
and Jem = 546 nm. h Effect of Tb®>" composition on decay
lifetime of the prepared nanophosphor using Auzel’s method

the entity that confirmed the responsible d-d
exchange for concentration quenching. Further vali-
dation of the mechanism may be done using the
simplification of the I-H model. This indicates that
two phenomena occur throughout the non-radiative
energy transfer process: direct energy relocation
(DET) and migration-assisted energy relocation
(MAET). In this case, the DET precedes in the adja-
cent Er’" ion, which could be resolved utilizing the
decay data of lifetime [52].

() =Ioexp{—%—Q(%>%}. (8)

In the given generalization, 79, Q and t report life-
time decay of donor ions in absence of acceptor ions,
energy relocation parameter, and lifetime decay cor-
respondingly, so that

Table 4 Distinct electronic

J Mater Sci: Mater Electron (2022) 33:19958-19970

Q=+(1- 3Nk ©)
here N reports Tb>" composition and R the critical
distance. S = 6 is best fitted in the I-H plot (reported
in Fig. 5f) confirming that the main cause for the
quenching phenomenon is multipolar interactions.
The lifetime decay curves of the fabricated nano-
materials (Fig. 5g) were recorded at 282 nm (excita-
tion) and 546 nm (emission) wavelengths. The
lifetime decay curves show the mono-exponential

performance characterized by the following
generalization:
I=1 exp(‘%), (10)

here 1, I, and Ij characterize the lifetime decay and PL
strength at time f = 0 and t = t, respectively. Table 5
sum up the evaluated values of decay lifetime from
this generalization and shows that as the composition
of the activator increases, it decreases from 1.3845 to
0.9046 ms. Quantum efficiency and non-radiative
emission rates are also estimated and concise in
Table 5. The non-radiative energy transfer rate may
be resolved with the aid of the following simplifica-
tion [53]:

Lo Aw (1)
70 R

where 75 and tg imply the observed and radiative
lifetimes correspondingly. Auzel’s method was aided
to figure out tr (reported in Fig. 5h) as given [54] as
follows:

transitions taking place in the Nanophosphor Kind of spectrum  Transitions Wavenumber (cm™')  Intensity
spectrum of 0 > To*" 41667 Weak
BaSrGdys —TbyOg 7
(x = 1.0-10.0 mol%) o 7F6 - fd 35661 Very- strong
nanophosphors along with BaSrGdy(; —»Tb,Og Excitation at 7F6 - 5H6 32051 Medium
their intensity and position Fem = 346 nm 7F6 - 5L9 29325 Strong
F¢ — "Lio 27174 Strong
D; — 7Fs 24272 Weak
Emission at Dy - R, 22321 Weak
Jex = 282 nm D, — Fg
D, — "Fs 20408 Strong
5D4 — 7F4 18315 Very strong
Jex = 282 nm Dy — "F5 16920 Weak
Jex = 282 nm D, » Fy 16000 Very weak
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Table 5 CIE and CCT
coordinates along with CCT BaSrGdy(; —xTb,Og (mol%) CIE coordinates w, v) CCT (K)
values of BaStGd, _x)Tb,Og (. y)
_ 0, - 1
(lholsohlzfsu’) nano-crystalline 03012, 0.4192 0.1625, 0.5070 6490.6
phosp 3 0.3127, 0.4303 0.1651, 0.5132 6101.3
5 0.3254, 0.4625 0.1643, 0.5265 5689.1
7 0.3103, 0.4207 0.1672, 0.5091 6191.2
10 0.2908, 0.4290 0.1534, 0.5109 6805.8
TR ()09
7(c) = mv (12) . Tmol%
Co V
here 7 (c) indicates the lifetime at the composition “c”, ® 5mol%
N represents the phonon number, and ¢, represents a 560 - 7mol%
constant entity named concentration constant. The tr @®10mol%

value was found 1.4670 ms on utilizing Auzel’s for-
mulation. The proportion of the observed decay
lifetime value to the radiation lifetime value simply
estimates the quantum efficiency of the manufac-
tured nano sample as below:
To

¢ = _— (13)

The internal quantum efficacy drops down with arise
in Tb>* ions amount since the observed lifetime follows
the same trend due to the transmission of energy
amongst Tb>" ions through a non-radiative path and is
found to be 76.8% for the optimized sample.

3.5 Color chromaticity

The photoluminescence performance of the fabricated
nanocrystalline samples was graphically confirmed by
the International Commission de I’Eclairage (CIE),
1931 (Fig. 6a). The distinct color coordinates of the
produced nanocrystals were figured out using the
MATLAB database. All color combinations are found
to lie in the greenish fragment of the chromaticity plot
which expands the claimed zone in the SSL field e.g.
NUV stimulated pc-wLEDs.

In addition, one more CIE constraint, color coor-
dinate temperature (CCT), was detected using Mc-
Camy’s equation as given [55]:

CCT = —437n° 4 3601n> — 68611 + 5514.31, (14)

here n indicates the ratio of (x — x.) and (y — y.) (x
and y report the coordinates of the prepared
nanocrystals, x. and y, signify the epicenter coordi-
nates), and # and v (CCT coordinates) are also
obtained using the formulations:

0.8

(b) 07

0.6 |

0.5 |-

0.2 f

0.1 |

0.0 L
0.0 0.1 0.2

03 v 04 0.5 06 0.7

Fig. 6 a CIE chromaticity diagram of BaSrGd4Og:xTb**
(x = 1.0-10.0 mol%) nanophosphor. b CCT coordinates (' and
v') and corresponding CCT value along with the digital image of
the optimized nanophosphor BaSrGd; gTb( ,Og in the inset

4x
! — 1
—2x+ 12y + 3’ (15)
%
/: . 16
T Trr12y+3 (16)
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Table 6 Photoluminescence

3+ :
lifetime, quantum efficiency Tb™™" concentration (mol%s)

Lifetime (ms)

Quantum efficiency (%)

Non-radiative rates (s~

and non-radiative rates for
BaSer4(1 —X)TbeS
(1-10 mol%) nanophosphors

N N W =

1.3845 93.6 40.6
1.2140 82.3 142.0
1.1425 76.8 193.6
0.9551 65.7 365.4
0.9046 61.2 423.8

Table 6 combinedly collects u’, ¢/, CIE, and CCT
coordinates with respective CCT values. The optimal
nano sample’s CCT value was found 5689.1 K
(shown in Fig. 6b). A digitized image of the opti-
mized nanocrystalline powder has also been added
in the inset of Fig. 6b.

4 Conclusions

Nanophosphors having a Pnma space group are
made by an SC channel. Extensive research is being
done on structural and photoluminescent features
such as PXRD, EDAX, SEM, TEM, DR, PL, CIE, and
CCT analysis. PXRD analysis confirmed the
orthorhombic phase of the nano samples produced.
Nano size and more surface features were investi-
gated by SEM and TEM techniques. The EDAX
technique was used to analyze the existence of dif-
ferent components in terms of volume. PL spec-
troscopy was used to study luminescence decay time,
radiation conversion, non-radiative levels, and vari-
ous intensity parameters. The luminescence power of
the samples was found to reach a maximum of
5.0 mol%. The Quantum efficiency of the optimal
sample was reported at 76.8% and the energy band-
gap was found at 5.10 eV below the host matrix
(5.27 eV) which ensures better doped nanophosphor
light. CIE color links for all nano samples were pre-
sent in the greenish section of the chromaticity map.
The CCT value (5689.1 K) of the optimal sample also
extends the active area of nanophosphor to the green-
light emission that can also be used in the prepara-
tion of solid-state light and pc-wLED, etc.
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