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The Role of Bismuth on the Best Red Light
Emitting Nanophosphors

Vini.K, H.Padma Kumar, K.M.Nissamudeen

Abstract: This paper explains the role of bismuth in the
luminescence enhancement of Y,Os: Eu nanophosphors prepared
by Combustion method. Bi ions serve as effective sensitizers for
visible emitting rare earths for Light Emitting Diodes. From the
X-ray diffraction studies, bismuth co-activated nanophosphors
exhibit an early crystallization. Bismuth incorporation not only
resultsin the luminescence enhancement at 612 nm, dueto 5D0 to
F, transition but also reduces the processing temperature for
intense photoemission.

Keywords : Bismuth, Doping, Luminescence, Nanophosphor.

. INTRODUCTION

Rare earth activated oxide nanophosphors shows a special
attention because of wide range of applications in colour
displays, lasers, opticd amplifiers, up converters,
telecommunication, sensorsetc. At present, the main attention
was done on some rare-earth metals like Nd*, Eu®, Ho*
Tm®, and Er**. These ions are capable to emit light from the
visible region to the infrared region. Specifically, Eu®* ions
can be introduced into variety of host matrices. Because it
emits light in 400-650 nm range that can be enhanced via up
conversion processes. Previously, various approaches are
used to increase the efficiency of luminescence. The
incorporation of post transition metalsinstead of rare earth or
as rare earth sengitizer in oxide host matrices has been
suggested. In particular, bismuth is one among them. Because
of the chances to be stabilized in various oxidation states
which are opticaly active (0,+1, +2, +3, +5). The optical
transitions of bismuth ions are allowed by the dipole selection
rules owing to spin-orbit coupling. All the bismuth emission
and absorption bands are broader than transitions of
lanthanides, because of the unshielded electrons in the outer
shell. These specidities provide a lot of favourable
circumstances in tuning the optical properties of bismuth by
appropriately selecting the host lattice. Bismuth serve as
effective sensitizersfor rare earths elementsthat emitslight in
the visible region ( Eu, Sm, Tb) for LEDs [1].

The spectroscopic characteristics of bismuth ions has
become an interesting and a hot topic employed in phosphor
materials, that can be used as activator or sensitizer. Bismuth

Manuscript received on February 06, 2021.
Revised Manuscript received on February 15, 2021.
Manuscript published on March 30, 2021.
* Correspondence Author
Vini.K, Department of Physics,School of Pure and Applied Physics,
Kannur University, Payyanur, India: viniravindran24@gmail.com
H.Padmakumar, Department of PhysicsVTM NSS College,
Dhanuvachapuram- Thiruvananthapuram,|ndia:hpadmakumar@gmail.com
*K .M .Nissamudeen, Department of Physics, School of Pureand Applied
Physics, Kannur University, Payyanur, India: nissmkm@gmail.com

© The Authors. Published by Blue Eyes Intelligence Engineering and
Sciences Publication (BEIESP). Thisis an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Retrieval Number: 100.1/ijrte.F5362039621
DOI:10.35940/ijrte.F5362.039621
Journal Website: www.ijrte.org

Chack for
updatas

are capable to interact strongly with host matrix that in turn
influence their transitions. Thus, materials doped with
bismuth ions manifest excellent luminescent property [2]. The
bismuth ions are mainly used to activate phosphates, borates
and oxide materials. The electronic configuration of Bi** ions
are 632 with 'S, as the ground state and *Py, 3Py, *P, and *P; as
the first excited state with increasing excitation energies.
Thus, it exhibit broad and high absorption at a wavelength of
300- 400 nm through 'S, to 3P, transition and strong emission
at awavelength of 400-650 nm through 3P, to 'S, transition
when doped with Y ,05 host lattice [3]. In this work, an effort
was made to synthesize photoluminescent Bi co-activated
Y,0s:Eu** nanophosphors by make use of combustion
method. The impact of bismuth co-activation and process of
annealing on the spectroscopic as well as structural
characteristics of nanophosphors have been studied and
compared with Y ,O3:Eu** nanophosphors.

[I. MATERIALSAND METHODS

For synthesis work, yttrium oxide (Y,03), europium oxide
(Eu,03), nitric acid (HNO3) and citric acid (CegHgO;) were
used as the precursor materials. The procedure is
schematically shownin Fig.1.

Yttrium oxide Rare Earth Elements (Eu)

De-ionised water + Nitric acid

Milky white solution Heat for 2h

Viscous transparent solutions

Add Citric acid

Pale vellow gel
Heat in Muffle Furnace

Powder Formation

Fig.1: Schematic diagram for the preparation of Eu**
doped Y ,03 nanophosphors
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Finaly the white colour Y,O3:Eu nanopowders are

obtained. The PL intensity of 6wt% Eu® doped Y ,0; powders
were seem to be maximum when compared to other Eu**
concentrations.
By keeping the value of Eu** as constant (6wt%), we added
different concentrations of Bi** ions and finally obtained
6Wt% of Bi** asthe optimised co-doped value and is shown in
Fig.2. So, co-doping of bismuth has been carried out in same
quantity (6wt%) in order to synthesize bismuth co-doped
Y ,03:Eu** nanophosphors.
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Fig. 2: PL emission spectra of Bi** co-doped Y,0;
prepared at different dopant values.

1. RESULTSAND DISCUSSIONS

A. Structural Properties— XRD Studies

The luminescence intensity of europium doped Y,0;
nanophosphors annealed at 1173 K on the basis of dopant
concentration which was excited at awavelength of 260 nmis
depicted in Fig.3. It was found that the maximum
luminescence intensity is obtained at a dopant concentration
of 6Wi% i.e BWI%EU’".
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Fig. 3: PL intensity difference of europium doped Y ,03
nanophosphor sin terms of europium concentration.
Fig.4 exhibits the X-ray diffraction spectra of europium
doped Y ,03 and bismuth co-doped yttrium nanophosphorsin
as-synthesized temperature (773 K). As per JCPDS Standard
Card No: 43-1036 the structure of the obtained product is
cubic with 1a3 as the space group [4]-[6]. The crystal
structure of the phosphor was not influenced by the
introduction of Bi*" ions [7]. No pesks correspond to
europium or bismuth were seem to be present in the XRD
pattern [8]. This reveals that the chemical composition of the
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compound synthesized by this method are pure [9]. XRD
patterns of the nanophosphors exhibit a superior growth on
(222) plane of Y,0s. Annealing contribute restructuring of
nanophosphors thereby accredited to good crystaline
property. In Fig.4 both the samples annealed at 773 K. But it
is clear that the primitive crystallization is attained for
bismuth co-doped nanophosphors. Structural parameter
calculation of europium doped yttrium and bismuth co-doped
Y ,05:Eu® nanophosphors annealed at various temperatures
aregivenin Tablel.

(222)

Y504:Eu:Bi

Intensity (a.u)

20 30 40 50 60 70

20

Fig 4: XRD spectra of Y,05Eu* and Y03 Eu*":Bi**
nanophosphorsprepared at 773 K.

Table-l: Grain size of Y,05:Eu®*and Y,03 Eu®:Bi*"
nanophosphor s annealed at various temper atures.

Y05 Eu® Y05 Eu®:Bi**
Temperature | Grainsize(nm) | Grain size (nm)
(K)
773K 9.69 11.70
873K 14.04 19.62
973K 15.46 25.34
1073K 20.57 25.65
1173K 2751 |
B. TEM

Fig.5a & 5b shows the transmission electron micrographs
of Y,05Eu® and Y,Os;EU*:Bi** nanophosphors in
as-synthesized condition. In the case of nanophosphors,
particle sizeincrement resultsin the reduction of surface area,
which in turn reduces the surface defects and ultimately
attai ns the luminescence enhancement. Fig.5¢ & 5d showsthe
TEM image of Y ,05:Eu*" nanophosphors annealed at 1173 K
and Y,03Eu®:Bi* nanophosphors annealed at 973 K
(temperature at which optimum intensity is observed).
FETEM image of the sample confirmed that in the prepared
sample there are small crystallites associated with each other
(particles are aggregated) [6],[10],[11].
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Fig 5a: TEM imagesof Y,Os:
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Fig 5b: TEM imagesof Y,05:Eu®:Bi* at 773K

It was believed that temperature is an important factor on
which quality and crystallinity of the particles depends. In the
case of samples, annealed at 1173 K and 973 K, each particle
contains many nanocrystals. Thisisthe evolution of structure
form amorphous to crystalline state. As the temperature
increases, particle sizeincreases which was proved from XRD
data and at 1173 K and 973 K, each particle exhibit single
crystalline phase. Thusit is quite natural that the PL intensity
is stronger [12]. But in the case of lower temperature there
occurs decrease in luminescence intensity. Reason may be the
formation of killer centers or the activator ions are not
perfectly co-operate with host element [12]. When the
temperature increases, there will be an increase in the size of
the particle. Thisresultsin the reduction of surface to volume
ratio, reduction in scattering of light which in turn increases
the efficiency [12]. Thus we can say that sintering or hard
agglomeration plays a significant role in the increase of
particle size. Formation of oxygen bridge bonds by the
hydrogen bonds which was formed between chemical
combination of OH" can be one of the main reason for hard
agglomeration [13].
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50 nm

Fig 5¢c: TEM imagesof Y,05Eu* at 1173K

50 nm

Fig 5d: TEM imagesof Y,0s:Eu®:Bi* at 973 K
nanophosphors.

C. Photoluminescence Sudies

Fig.6 indicates the difference in intensity, in the case of
Y ,05:Eu® and Y ,05:Eu**:Bi* nanophosphors on the basis of
various annealing temperature. It was found that, for
Y ,05:Eu®:Bi*" nanophosphors, photoemission is saturated
when the sample is annealed at 973 K. Thus co-doping with
bismuth results in the luminescence enhancement. Moreover,
it reduces the processing temperature.

Fig.7 shows luminescence emission of Y,05Eu®":Bi**
nanophosphors annealed at different temperatures. It was
found that the maximum emission intensity is obtained for the
samplesannealed at 973 K. Fig. 8 shows the emission spectra
of Y,05:Eu* and Y ,05:Eu®":Bi*" nanophosphors annealed at
1173 K and 973 K respectively.
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emissionisobserved at 612 nm. Nearby apeak at 630 nm was
observed which is very weak. Both the peaks were due to °Dq
to ’F, transitions of europiumions[14] , [15] , [16]. The
ionic radii of Bi**, Eu* and Y** are 0.010 nm, 0.094 nm and
0.090 nm respectively. On comparing the ionic radii, bismuth
and europium ions are not expected to take up the distinctive
sites in a systematic manner. The incorporation of bismuth
ions into Y,05EUu* nanophosphors results in the
devel opment of defective structure by replacing Y ** with Bi®".
Thus europium sites had better reduced symmetry which is
capabl e of lifting the parity selection rulewhich in turn results
700 800 90 1000 1100 1200 in the enhancement of luminescence. The dawning of this PL
Tomporature (K) enhancement is complex [17]. Intensity increment can be due
to many reasons like crystallinity increment, grain size
increment and co-doping with bismuth for interstitial oxygen.
The substitution of Y** sites by Bi® ions normally resultsin
large number of unfilled sitesin the oxygen—ion array. It was
observed that bismuth plays the role of a lubricant for the
perfect incorporation of europiuminto Y ,0O; at the time of the
sintering process.  From the literature review, in the case of
europium doped yttrium nanophosphors, co-doping with
gadolinium, lithium, holmium, bismuth etc. has been
reported. [10]. On compairing the luminescence intensity of
Y ,05:Eu® nanophosphors and Y ,05: Eu®*:Li nanophosphors,
Yi et a., and Jeong et a., reported 2.7 times intensity
increment after co-doping. Nissamudeen et a., reported 3
times intensity increment in the case of thin films. Co-doping
with Gd ions also exhibit much better results. Bae et 4.,

PL Intensity (a.u)

Fig.6: PL intensity difference of Y,05Eu* and
Y,05:Eu®:Bi*" nanophosphorsin terms of annealing
temperature.

PL Intensity (a.u)

= =0 =0 «0 e el obtained the intensity increment of 3.1 times after co-doping
Wavelength (nm) Gd ions into Y,OsEu* nanophosphors. Recently,
Fig.7: PL emission spectra of Y,05:Eu®:Bi** Nissamudden et al., reported 3.73 times increment by the
nanophosphors annealed at varioustemperature. addition of Gd ions. Bae et a., aso communicated the
luminenscence enhancement by 1.6 times by comparing
2000 Y,05:Eu*:Li*:Gd* and Y,0s:Eu*" nanophosphors. In the
Yy0yEu present study we noted luminescence enhancement of about
1500 ¥,05EuBi 3.4 times by the addition of bismuth into Y,Os5Eu®
nanophosphors and is shown in Fig.9. The study of role of
g bismuth has been extended to gadolinium co-doped europium
'§ doped yttrium oxide nanophosphors. Earlier we obtained
- optimized value of co-dopant as 7wt%Gd** i.e
Y ,05:6Wt%EU*": 7wt%Gd®. To this we added 6wt%Bi**
i (optimized value). Unfortunately we could notice
luminescence enhancement of 0.3 times compared to
560 580 600 620 640 Y :Eu:Gd samples. Here also early optimization is attained at
Wavelength (nm) 973 K
Fig.8: Comparison of PL emission spectra of Eu** doped
sampleat 1173 K and Bi** co-doped samples at 973 K. a0 —
These nanophosphors when exposed to UV light resultsin the 354 —
charge transfer band whose output is the emission of red a0 e
colour by °Dy to ’F, transition of the Eu** ion. In europium 25
doped yttrium oxide, the charge transfer band that are excited E z0] am
is because of local excitation. O% has 2p orbital and Eu** has g vs ] . | 2+
4f orbital. An electron get excited from 2p orbital to 4f orbital. ]
In the case of europium, the transfer of energy occurs mainly sl
from two sites namely C, and S; sites. For europiumions, five oo ] : . |
emissions should be present corresponds to °Dy to 'Fy ENU YRR VEGGd YEOCTErGM TR TEx0

transition. Two peaksresidesin S; sites and three peaksin C,
site. Only magnetic dipole transitions prevails for Ss Fig.9: Study of intensity increment by the addition of
symmetry. Here, the selection rule AJ =0, 1 exist. The peaks various co-dopants.
located at 580-600 nm range are very weak and can be
assigned to °Dyto ‘F, magnetic dipole transition [14]. In the
case of europium doped ytrium oxide, maximum intense red
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IV. CONCLUSION

Nanostructured Y ,05:Eu®* and Y ,04:Eu**:Bi*" nanophosphor
has been synthesized using combustion method. The changes
occur on the morphology, structure and spectroscopic
properties after the incorporation of bismuth ions are studied
in detail. The XRD studies confirms that the incorporation of
Bi** ions does not make any change in the structure of the
Y ,0s. PL studies and XRD studies reveals that crystallization
depends on annedling temperature and hbismuth
incorporation.The incorporation of bismuth results in the
luminescence enhancement. Moreover, it reduces the
processing temperature

REFERENCES

1. A Scarangella R. Reitano, G. Franzo, F. Priolo, and M. Miritello, J.
Lumin., vol. 191, Nov. 2017, pp. 92-96.

2. A.Yousf, V. Kumar, R. M. Jafer, and H. C. Swart, Appl. Surf. i,
vol. 424, Dec. 2017 ,pp. 407-411.

3. A.Yousf, R M. Jfer, S. Som, M. M. Duvenhage, E. Coetsee, and H.
C. Swart, Appl. Surf. ci, vol. 365, Mar. 2016,pp. 93-98.

4. J Hao, S. A. Studenikin, and M. Cocivera, J. Lumin., vol. 93, no. 4,
Aug. 2001, pp. 313-3109.

5. K. M. Nissamudeen, S. Sankar, A. H. Bahna, and K. G. Gopchandran,
J. Phys. Chem. Solids, vol. 70, no. 5, May 2009, pp. 821-826.

6.  G. Siddaramana Gowd, Manoj Kumar Patra, Sandhya Songara, Anuj
Shukla, Manoth Mathew, Sampat Rgj Vaderaand Narendra Kumar ,
J. Lumin., val. 132, no. 8, Aug. 2012, pp. 2023-2029.

7. Z.Liu, L. Yu, Q. Wang, Y. Tao, and H. Yang, J. Lumin., vol. 131, no.
1, Jan. 2011, pp. 12-16.

8. K. M. Nissamudeen, R. G. A. Kumar, V. Ganesan, and K. G.
Gopchandran, J. Alloys Compd., vol. 484, no. 1-2, Sep. 2009,pp.
377-385.

9. T.Yan,D.Zhang, L. Shi, H. Yang, H. Mai, and J. Fang, Mater. Chem.
Phys., vol. 117, no. 1, Sep. 2009, pp. 234-243.

10. J. S.Bae J. H. Jeong, S. Yi, and J.-C. Park, Appl. Phys. Lett., val. 82,
no. 21, May 2003,pp. 3629-3631.

11. B. K. Gupta, D. Haranath, S. Saini, V. N. Singh, and V. Shanker,
Nanotechnology, vol. 21, no. 5, Feb. 2010,p. 055607.

12 J. R. Jayaramaiah, B. N. Lakshminarasappa, and B. M.
Nagabhushana,  Sens. Actuators B Chem.,, vol. 173, Oct. 2012,pp.
234-238.

13.  J Zhang, Z. Zhang, Z. Tang, Y. Lin, and Z. Zheng, J. Mater. Process.
Technal., vol. 121, no. 2-3, Feb. 2002,pp. 265-268.

14  J. Dhanargj, R. Jagannathan, T. R. N. Kutty, and C.-H. Lu, J. Phys.
Chem. B, vol. 105, no. 45, Nov. 2001, pp. 11098-11105.

15. G. A. Hirata, J. McKittrick, M. Avalos-Borja, J. M. Siqueiros, and D.
Devlin, Appl. Surf. Sci., vol. 113-114, Apr. 1997, pp. 509-514.

16. V.Kumar Rai, A. Pandey, and R. Dey, J. Appl. Phys., val. 113, no. 8,
Feb. 2013, p. 083104.

17. J.Y.Cho,K.-Y.Ko,andY.R. Do, Thin Solid Films, vol. 515, no. 7-8,
Feb. 2007,pp. 3373-3379.

AUTHORSPROFILE

Vini.K, Research Scholar of Department of Physics at
Kannur University with three publications and two
International award for best paper.

Dr. H. Padma Kumar, Assistant Professor of
Department of Physics at VTM NSS College with forty
three publications.

Dr.K.M.Nissamudeen, Assistant Professor of
Department of Physics at Kannur University with 16
publications.

Retrieval Number: 100.1/ijrte.F5362039621
DOI:10.35940/ijrte.F5362.039621
Journal Website: www.ijrte.org 59

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation



