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Abstract-The present study involves the synthesis of Nd3+ doped ZnO nanomaterial by the zinc chloride and
neodymium oxide chemical synthesis method. The synthesized nanomaterial was characterized with respect to
their crystal structure, crystal morphology, particle size and photoluminescence (PL) properties using X-ray
diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy (TEM) and PLspectroscopy respectively. XRD results revealed that ZnO nanomaterial are single phase and spherical type
structures. Further, PL spectra of ZnO: Nd3+ nanomaterial show approximate spherical shape to ZnO
nanoparticles and the size of the particles around 100-20 nm. Their absorption spectra were measured in 3001100 nm regions at room temperature. Various spectroscopic parameters such as Slater-Condon, Racah, spinorbit interaction, Nephelauxetic ratio, bonding and Judd-Ofelt parameters have been computed from the
observed band. The Fluorescence spectra have been recorded of Nd3+ doped ZnO nanomaterial using with
intense absorption bands (583 nm) at room temperature in visible region. The formation of ZnO: Nd3+
nanomaterial was confirmed by Fourier transforms infrared (FTIR) and XRD spectra.
Keywords: Neodymium doped ZnO Nanomaterial, Absorption Spectra, Fluorescence Spectra and Radiative
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I.

Introduction

Trivalent lanthanides doped semiconducting oxide nanostructures are one of the most promising
nanomaterials for an active layer due to their stable intra-4f shell transitions in their ions. In this context, zinc
oxide (ZnO) possesses a great potential as a host material for RE-doped semiconductor because it has a wide
band gap of about 3.36 eV, a large exciton binding energy of 60 meV and native defects.
ZnO, with a wide energy band gap of about 3.37eV and large exciton binding energy of 60 meV finds
wide range of application in light-emitting diodes[1], solar cells [2], transparent conductors [3], field emission
displays [4], sensors [5,6] etc. The wide band gap of the ZnO increases the possibility of not only the excitation
of the ions of the RE dopant but also in controlling its conductivity [7]. Various methods have been reported for
the synthesis [8-12] 4fn−15d levels may be understood as formed by the electron in the 5d orbital interacting
with 4fn−1 core. As a consequence of this strong crystal field effect on the 5d electron, 4fn−15d configurations
of RE ions in solids are very different from those of free ions. 4fn→ 4fn−15d absorption of most of the RE3+
and RE2+ ions exhibits two features. First, they consist of strong bands corresponding to the components of 5d
orbital split in the crystal field. Consequently, their spectra are similar when ions are embedded in same type of
host. Second, the structures of 5d bands can be fitted to energy differences in the ground multiplets of the 4f n−1
configurations [13].
Neodymium is one of the most widely used elements for high power laser applications and recently
these lasers have shown their usefulness in inertia confined fusion experiments. Furthermore, Nd3+ doping
reduces the band gap energy and enhances the possibility of the photo degradation of dyes under visible light,
also shown by us in the present study under UV light.
In the present study, Neodymium doped zinc oxide nanomaterial (ZnONM) was synthesized by the
chemical synthesis method. The synthesized ZnONM was characterized by Fourier transform infrared (FT-IR)
spectra, X-ray diffraction (XRD), scanning electron microscopy (SEM) and transmission electron microscopy
(TEM). Moreover, the luminescent property was also studied using photoluminescence (PL) spectrophotometer.

II.

Experimental Details

Nd3+ doped Nanomaterial have been prepared by chemical synthesis method and characterized by
XRD, SEM, TEM, FTIR, Absorption and Fluorescence Spectra.
The nanomaterial with rare earth ions will be prepared by chemical synthesis method [14]. ZnO
nanoparticles will be tried in alcoholic media like ethanol, methanol or propanol. In alcoholic media growth of
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oxide particles is slow and controllable [15]. Different solutions will be prepared by dissolving 0.2725 g of
ZnCl2 (10-1 M, 20 ml), 0.525 g NaOH (10-1 M, 100 ml) and X M glycerol in ethanol. Glycerol slowly added to
NaOH solution while it will be continuously stirred. The resulting solution will be stirred for one hour before
adding ZnCl2 and Nd3+ solution to it. After three hours of constant stirring a milky white solution will be
obtained. Size selective precipitation will be carried out using acetone as a non-solvent. The precipitate will be
washed in methanol and ethanol will be allowed to evaporate at room temperature to obtain doped ZnO
nanoparticles in white powder form.

III.

Results And Discussion

X-Ray Diffraction (XRD)
The XRD patterns indicated that RE ions were successfully incorporated into the crystal lattice of ZnO
matrix. The XRD results also confirmed the proper hexagonal phase formation and improved crystallinity with
increasing dopant concentration. The X-ray diffraction pattern of typical ZnO: Nd3+ nanoparticles is given in
Fig. 1.It can be noted that all of the diffraction peaks could be well indexed to the Hexagonal Wurtzite crystal
structure. In this Nd3+ doped sample, no additional phase was observed, indicating that manganese was
successfully doped in the ZnO crystalline lattice. The width of the diffraction lines is broadened because of the
small size of the crystallites. The XRD confirmed the proper hexagonal phase formation and improved
crystalline with increasing dopant concentration [16]. Almost similar values have also been reported by Yadav
[17].
SCANNING ELECTRON MICROSCOPY [SEM]
The SEM image in Fig.2 of Nd3+ doped ZnO nanoparticles prepared by chemical synthesis method at
room temperature. The image shows approximate Hexagonal Wurtzite crystal structure of ZnO nanoparticles
and the size of the particles around 100-20 nm. Similar type of behavior of ZnO with Pr3+ ion is also observed
by Sharma et al for the nanopowder [18].
TRANSMISSION ELECTRON MICROSCOPE (TEM)
A TEM image of ZnO: Nd3+ is presented in Fig.2. It can be seen from the figures that the ZnO: Nd3+
sample occurs through the aggregation of the nanocrystals exhibiting sizes of about 20 nm. Nearly hexagonal
shapes for the dark spots in the images indicate that the ZnO nanoparticles are almost hexagonal. These results
are also consistent with other rare earth metal ions doped like Gd-doped ZnO Nanomaterial [19]. The particle
sizes are in the range of 100-20nm. The HR-TEM patterns consist of dots, which are characteristic of randomly
oriented single crystalline nanoparticles. Based on the TEM studies it is inferred that as prepared Nd3+
containing sample consists of crystalline ZnONM of average size of 20 nm. This suggests that Nd3+ doping has
no effect on the particle size of ZnO nanoparticles. Even though the particle size and crystallinity of the ZnONM
containing different amounts of Nd3+ ions are same, it is quite possible that the Fluorescence properties of Nd3+
ions can change significantly depending on the interaction of Nd3+ ions with the ZnONM.
FOURIER TRANSFORM INFRA RED (FTIR)
FTIR image of ZnO: Nd3+ is presented in Fig.3 and table 2. The FTIR spectra of Nd3+ doped ZnONM
consists of several peaks which are broad and moderate in band width. The peaks in the range 685 cm-1 are due
to metal–oxygen bonds Nd/ZNO. The peak around 1650 cm-1 is assigned to the asymmetric stretching vibrations
of Zn–O bonds from metal-oxygen group. The broad band in all the ZnONM matrices around 3350 cm-1 is
corresponding to the fundamental stretching vibrations of O–H indicating the presence of hydrogen groups. The
band positions and their assignments for observed FTIR bands are reported in Table 2 for Nd3+ doped ZnONM.
[20-23].
UV-VISIBLE STUDY
The UV-visible study of Neodymium doped Zinc Oxide nanomaterial has been done by recording
optical absorption using Spectrophotometer (2375 Double Beam Spectrophotometer and Varian Carry). The
absorption spectra of Neodymium doped Zinc Oxide nanomaterial is shown in Fig. 4. It has been observed that
the absorption peaks appears at wavelengths 457, 462 506, 542, 551, 604, 641,770 and 824nm as the
concentration of dopant as 0.3 mol% in Neodymium doped Zinc Oxide nanomaterial matrix. The shifting
occurred in the spectra may be due to the polarity of solvent used in the synthesis or may be due to the
dispersion of rare earth oxide particles in the Neodymium doped Zinc Oxide nanomaterial matrix.
Nine absorption bands have been observed for 0.3mol% dopent concentration of Nd3+ ion ranging in
ZnO Nanomaterial Figures. 4. The assignment of these bands from ground state 4I9/2 to the excited states 4F5/2,
4
F7/2, 4F9/2, 2H11/2, 4G5/2, 2K13/2, 4G9/2, 2K15/2 and 4D3/2 energy levels are observed in ZnO nanomaterial. The values
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(table 3) of Slater – Condon (Fk ), Racah (Ek ) and Lande( 4f ) parameters have been computed by using the
observed energies of the bands, E0j and partial derivatives by the help of partial regression method [24].
JUDD OFELT INTENSITY PARAMETERS:
A model to calculate radiative transition probabilities between electronic energy levels of trivalent rareearth ions in solids has been developed by Judd [25] and by Ofelt [26]. The J-O model has been applied to
several rare-earth-doped crystalline solids [27-29] and such studies have recently led to the prediction [30, 31]
and observation of new crystalline rare-earth lasers.
These parameters show in table 4 the general tendency 2 < 4 < 6. The same tendency is observed
for Nd3+ ion in ZnONM. The  parameters are very important since they are used in the calculation of laser
parameters. 2 parameter involves the long range terms in the crystal field potential and is most sensitive to the
local structural changes. The intensity of 4I9/2 4G5/2, 2G7/2 transition is the principal determiners of the 2. This
transition satisfies the selection rule J  2 and is known as hypersensitive transition. A good agreement is
found between the calculated and experimental line strengths.
FLUORESCENCE STUDY
Fluorescence spectra of Neodymium doped Zinc Oxide nanomaterial samples are shown in Figure 5
and tables 5-7. Fluorescence study of Neodymium doped Zinc Oxide nanomaterial in which the concentration of
dopant as 0.3 mol% shows emission peaks at wavelength 882.2, 1046 1380 and 1403nm. It has been observed
from fluorescence spectra that the emission peak has maximum intensity at concentration 0.3mol%
corresponding to wavelength 1048nm. A slight shifting has been observed in the spectra as concentration of
dopants changes in the host matrix. The spectra show narrow emission peaks resulting from 4f-4f transitions
within Nd3+ ions, with the most intense peak at 1046 nm corresponding to the 4F3/2 →4I11/2 transition. Three other
peaks are observed at 882.6 nm 4F3/2 → 4I9/2, 1383 nm 4F3/2 →4I13/2 and 1408 nm 4F3/2→4I15/2 respectively.
RADIATIVE PROPERTIES
The fluorescence spectra of Nd3+ doped ZnONM have been recorded and presented in Figs.5
The spontaneous emission probability (A) values has been calculated for the fluorescence bands at 882.6nm.
Fluorescence branching ratio () ZnONMNd3+ have been calculated for different transitions The radiative life
time „‟ for a transition is reciprocal of spontaneous emission probability A. The stimulated emission crosssection, p is calculated using the observed peak values of the fluorescence p, their effective line width. Similar
type results are also consistent with other rare earth metal ions doped like Sm-doped ZnO Nanomaterial [32].

IV.

Conclusion

ZnO: Nd3+ nanomaterial were successfully prepared by Chemical synthesis method. The crystal
structure and surface of nanomaterials were analyzed by X-ray diffraction, TEM, FTIR, Absorption and
Fluorescence characters were studied by high-resolution Fluorescence with 583nm excited wavelength. In the
Nd3+doped ZnO Nanomaterials, the diffraction peaks are almost similar. It is possible for Nd 3+ ions cooperate
with the matrix of ZnO particles to form Nd-Zn-O solid solutions. The X-ray diffraction and TEM results show
that our samples are nanomaterials with particle size about 100–10 nm. SEM image shows approximate
Hexagonal shape to ZnO nanoparticles and the size of the particles around 100-20nm. It demonstrates clearly
the formation of Hexagonal ZnO nanoparticles, and change of the morphology of the nanoparticles with the
Nd3+ different ions concentration The FTIR spectra of Nd3+ doped ZnONM consists of several peaks which are
broad and moderate in band width..
The spectroscopic properties of RE ions doped ZnONM have been analyzed on the basis of JuddOfelt theory. Judd - Ofelt intensity parameters 2, 4 and 6 have been computed Nd3+ doped Zinc Oxide
Nanomaterial specimens. Fluorescence spectra were studied in detail. They have strong PL intensity and their
color can be modified by concentration of Nd3+. The promising material for imaging technology, excited by HeCd laser, ZnO: Nd3+ also be excited by a 583nm diode. The optimal concentration of Nd3+ is 0.3mol%. ZnO:
Nd3+ Nanomaterial have been the subject of much research due to their wide application in semiconductorelectronic technologies. The influence of concentration has been discussed. The neodymium doped ZnONMNd
specimen, suggesting that, these transitions are to be used as a laser transition. We used photocatalytic and
sonocatalytic techniques independently for degradation of organic dyes. These both techniques can be used
collectively for fast degradation of organic dyes.
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Fig .1-XRD pattern of ZnO Nanomaterial with 0.3mol% of Nd3+ ion

Fig. 2:- SEM and TEM micrograph ZnO Nanomaterial with 0.3mol% Nd+3 ion.

Fig 3:- FTIR pattern of ZnO Nanomaterial with 0.3 mol% of Nd3+
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Fig. 4:- Absorption spectrum of ZnO Nanomaterial with 0.3 mol % Nd3+ ion

Fig.5:- Fluorescence spectrum of ZnO Nanomaterial with 0.3 mol % Nd3+ ion.
TABLE 1:- Observed peak height and sharp diffraction of Nd 3 + doped ZnO Nanomaterial with 0.3mol%
concentration
0.3 mol %

ZnONMNd

31.750

1434

TABLE 2:-Observed band of Nd3+ doped ZnO Nanomaterial with 0.3mol% Concentrations
ZnONMNd
Wave Number (cm-1)
685
1400
1650
3350
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TABLE 3:-Computed values of Slater - Condon, Lande, Racah, Nephelauxetic ratio and Bonding parameters
for 0.3mol% Nd3+ doped ZnO Nanomaterial
PARAMETERS
F2(cm-1)
F4(cm-1)
F6(cm-1)
4F(cm-1)
E1(cm-1)
E2(cm-1)
E3(cm-1)
F4 / F 2
F6 / F 2
E1/E3
E2/E3
’
b1/2

FREE IONS
331.09
50.72
5.15
884.00
5024.00
23.90
497.00
0.15
0.02
10.11
0.05
--------

ZnONMNd
335.63
51.99
5.04
882.24
5004.12
24.99
483.90
0.17
0.013
9.674724
0.05
0.8746
0.025

TABLE 4:- Judd Ofelt Intensity Parameters for Nd3+ doped ZnO Nanomaterial with 0.3mol%
doping concentration
Omega parameters

ZnONMNd
0.3mol%
1.25
8.32
8.34
0.99

2(10-20)
4(10-20)
6(10-20)
4/6

TABLE 5:- Observed values of wavelength (λ), energy () and half band width ( λeff) of various fluorescence
peaks for Nd3+ doped ZnO Nanomaterial with 0.3mol% doping concentration
Dopant concentration

Excitation λ(nm)

0.3 mol%

583

λ(nm)
882.6
1048.0
1383.0
1408.0

Assignment
4
F3/2 → 4I9/2
4
F3/2 →4I11/2
4
F3/2 →4I13/2
4
F3/2 →4I15/2

λeff (nm)
12.6
100
100
100

TABLE 6:- Spontaneous emission probability (A), Fluorescence Branching ratio (β) and Radiative time (τ) for
various levels of Nd3+ doped Zinc Oxide Nanomaterial

TABLE 7:- Emission cross section (σp) for various levels of Nd3+ doped Zinc Oxide Nanomaterial
Dopant
concentration

Excitation
λ(nm)

Assignment

4

0.3mol%

F3/2 → 4I9/2
F3/2 →4I11/2
4
F3/2 →4I13/2
4
F3/2 →4I15/2
4

583

DOI: 10.9790/4861-1105015763

σp(10-20)

λ(nm)

882.6
1048.0
1383.0
1408.0

www.iosrjournals.org

2.80
6.47
3.97
2.80

62 | Page

Neodymium Ion doped ZnO Nanomaterial: Synthesis & Optical properties
References
[1].
[2].
[3].
[4].
[5].

[6].
[7].
[8].
[9].
[10].
[11].
[12].
[13].
[14].
[15].
[16].
[17].
[18].
[19].
[20].
[21].
[22].
[23].
[24].
[25].
[26].
[27].
[28].
[29].
[30].
[31].
[32].

Minami T. S., Ida T., Miyata Y., Minamino.: “Transparent conducting ZnO thin films deposited by vacuum arc plasma
evaporation”, Thin Solid Films, vol.445, pp.268-273, (2003).
Zhang, H., Yang D., Ma X., Que D.: “Synthesis and Field Emission Characteristics of Bilayered ZnO Nanorod Array prepared by
Chemical Reaction”, J. Phys. Chem. B, vol.109, pp.17055-17059, (2005).
Liao L., Lu H.B, J.C., Li H. , He D.F. , Wang D.J. , Fu C. , LiuF., Zhang W.F: “Size Dependent of GasSensitivity of ZnO
Nanorods”, J. Phys. Chem. C, , 111(5), pp.1900-1903, (2007).
Liu F., Cao P.J., Zhang H.R., J.Q. Li, H.J. Gao:“Controlled self-assembled nanoaeroplanes,nanocombs, and tetrapod-like networks
of zinc oxide Nanotechnology”, vol.15, pp. 949–952, (2004).
Sridhar A., Selvaraj M.and Jayanthi S.S.: Synthesis Of Praseodymium Doped Zno Nanoparticles Using Solvent Free, Eco Friendly
Method:Effect Of Doping On The Structural And Optical Properties of ZnO Nanoparticles, International Journal of Innovative
Research in Science & Engineering 2347-3207, (2012)
Shinde K. N.:Phosphate Phosphors for Solid-State Lighting, Springer Series in Materials Science 174, (2013).
Mais N., Reithmaier J.P., Forchel A., KohlsM., Spanhel L. and MullerG. “Er doped nanocrystalline ZnO planar waveguide
structures for 1.55μm amplifier applications”, Appl. Phys. Lett. Vol.75, pp. 20052007, (1999).
Komuro S., Katsumata T., Morikawa T., Zhao X.W., Isshiki H. and Aoyagi Y. :“Highly erbium-doped zinc oxide thin filmprepared
by laser ablation and its 1.54 mm emission dynamics” J. Appl. Phys., Vol.88, pp. 7129 – 7136, (2000).
Lan W., Liu Y., Zhang M., Wang B., Yan H. and Wang Y: “Structural and optical properties of La-doped ZnO films preparedby
magnetron sputtering”, Mater. Lett., Vol. 61, pp. 2262–2265, (2007).
Wang J., Zhou M.J., Hark S.K., Li Q., Tang D., Chu M.W. and Chen C.H.: “Local electronic structure and luminescenceproperties
of Er doped ZnO nanowires”, Appl. Phys. Lett. Vol. 89, pp. 221917-19, (2006).
Devi L., S.K .and Sudarsanakumar K.:“Photoluminescentproperties of Sm 3+-doped zinc oxide nanostructures”, J. Lumin.Vol. 130,
pp. 1221-1224, (2010).
Liu B. and Zeng H.C.:“Room Temperature Solution Synthesis of Monodispersed Single-Crystalline ZnO Nanorods and Derived
Hierarchical Nanostructures”, Langmuir, Vol. 20, pp. 4196-4204, (2004).
Liu B. and Zeng H.C.:“Hydrothermal Synthesis of ZnO Nanorods in the Diameter Regime of 50 nm”, J. Am. Chem. Soc.Vol.125,
pp.4430- 4431, (2003)
J.Urban, S.K.Haram, S.W.Gosavi and S.K. Kulkarni, Pramana, 65, 615,2005.
U.Koch, A.Fojtik, H. Weller and A. Henglein, Chem. Phys. Lett., 122, 507, 1985.
Singh S.K. Ningthoujam: Ph.D. Thesis- Synthesis, Characterization, Photoluminescence and Magnetic Properties of Zinc Oxide
Nanoparticles.
Yadav A.,Prasad V.,Kathe A.A.,Raj S.,Yadav D.,Sundara C. and Vigneshwarar N.: Bullitien of material science Vol-29 PP 641645, (2006) .
Sharma K. Y., Pal S., Goyal P. and Bind C. U.: AIP Conference Proceedings 1728-1732, (2016)
Anwar F. and Farrrukh A.M:”Synthesis ,Charactrization and Photocatalytic Application of Gd Doped ZnO Nanoparticles”,Asian
journal of Chemistry,Vol.27No.10,3571-3574,10, (2015).
Bigdeli, F., Morsali, A., Retalleau, P.,: Synthesis and characterization of different zinc (II) oxide nano-structures ,2010.
Chen, B.J., Sun, X.W., Xu, C.X., Tay, B.K.: Growth and characterization of zinc oxide nano/micro-fibers by thermal chemical
reactions and vapor transport deposition in air. Physica E 21, 103–107, 2004.
Chen, et al., reported the preparation of ZnO nano/micro crystal fibers on silicon substrate via thermal chemical reactions,Ad.
Phys. Lett. 89 (15), 883, 2014.
Gao, P.X., Wang, Z.L., Nanopropeller arrays of zinc oxide Appl. Phys. Lett. 84 (15), 2883, 2004.
Goublen C.H.: “Method of Stastical Analysis”, Asia Publishing House, Bombay, chap. 8, 134, (1964).
B. R. Judd:“Optjcal absorption intensities of rare-earth ions,”Phys. Rev., vol. 127, pp. 750-761, (1962).
G. S. Ofelt, “Intensities ofcrystal spectroaf rare-earth ions,”J.C hern. Phys., vol. 37, pp. 511-520, (1962).
W. F. Krupke, “Optical absorption and fluorescence intensities in several rare-earth-doped Y,O, and LaF, single crystals,” Phys.
Rev., vol. 145, pp. 325-337, (1966).
M. J. Weber:“Radiative and multiphonon relaxation of rare-earth ions in Y,O,,” Phys. Rev., vol. 171, pp. 283-291, (1968).
Krupke W. F.:“Radiative transition probabilities within the 4f” ground configuration of Nd:YAG,” IEEE J. Quantum Electron.,vol.
QE-7, pp. 153-159, (1971).
Weber M. J. and Varitimos T. E: “Optical spectra and intensities oNd3+ in YAIO,,” J. Appl. Phys., vol. 42, pp. 4996-5005, (1971).
Krupke W. F.: “Assessment of a promethium YAG laser,” IEEE J.Quantum Electron. (Corresp.), vol. QE-8, pp. 725-726, (1972).
Sharma Y. K., Pal S., Goyal P. and Verma L. P.: “Fluorescence Studies of ZnO Nanomaterial with Samarium Ion” J. Chem. Eng.
Chem. Res.Vol. 3, No. 11, 2016, pp. 1027-1030 (2016).

Sudha pal." Neodymium Ion doped ZnO Nanomaterial: Synthesis & Optical properties.”
IOSR Journal of Applied Physics (IOSR-JAP) , vol. 11, no. 5, 2019, pp. 57-63.

DOI: 10.9790/4861-1105015763

www.iosrjournals.org

63 | Page

