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Abstract. Nd3+ ion-doped ZnO nanomaterial was prepared using chemical synthesis method and its 
fluorescence spectra have been investigated at room temperature. From SEM images of the 
synthesized ZnO: Nd3+ nanoparticles it is observed that an increase in concentration of Nd3+ ions 
leading to the decrease in the particle size. Nearly hexagonal shapes for the dark spots in the SAED 
images indicate that the ZnO nanoparticles are almost hexagonal. The oscillator strengths leading to 
4f ↔ 4f transitions are characterized by different Judd-Ofelt intensity parameters Ωλ (λ = 2, 4 and 
6). These Ωλ parameters along with the fluorescence data and various radiative properties viz., 
spontaneous emission probability (A), radiative life time (τ), fluorescence branching ratio (β) and 
stimulated emission cross-section (σp) were evaluated and compared with the reported values. The 
values of these parameters indicate that the observed transitions 4F3/2 → 4I11/2, 4F3/2 → 4I13/2 and 4F3/2 
→ 4I15/2 can be considered to be good laser transitions in the near infrared region for different 
optoelectronic and spintronic uses.  

Introduction 
Tripositive lanthanide ions exhibit unique spectroscopic properties [1]. Rare earth (RE)-lanthanide 
ions are improved glowing resources owing to their strong emission resulting from their 4f intra-
shell changes [2]. Due to tight shielding of 4f shells by the 5s and 5p shells, the ligand surroundings 
develops weak influence on the electronic clouds of these ions. But still, this weak perturbation is 
effectively responsible for the developed fine spectral structure. The absorption spectra of 
lanthanide ions doped into single crystal show many fine line groups, producing an atomic 
spectrum. In the case of lanthanide doped glasses, Judd-Ofelt (J-O) intensity parameters [3] are very 
useful in the calculation of laser parameters like the spontaneous emission probability (A), 
fluorescence branching ratio (β), radiative life time (τ) and stimulated emission cross-section (σp), 
which are used to predict laser action of various transitions in doped nanomaterial.  
The laser parameters are used in prediction of laser action in different doped glass specimens. On 
the other hand, oxide materials are the materials which have organic strength and current constancy 
from top to bottom. Among oxide material, zinc oxide (ZnO) and cadmium sulfide (CdS) are the 
two most important hosts which have been used extensively in the fabrication of lasers and 
amplifiers. As compared to other material, at the excitation and lasing wavelengths, the ZnO 
nanomaterials have superior optical clarity.  
So, additionally, they are well-matched with the construction development during the growth of 
photosensitive materials. Looking at the importance of ZnO nanomaterial it was believed to be 

Journal of Metastable and Nanocrystalline Materials Submitted: 2024-01-21
ISSN: 2297-6620, Vol. 40, pp 1-13 Revised: 2024-04-06
doi:10.4028/p-M0pMsg Accepted: 2024-04-10
© 2024 Trans Tech Publications Ltd, All Rights Reserved Online: 2024-08-19

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications Ltd, www.scientific.net. (#657871979-19/08/24,18:01:30)

2,d

https://doi.org/10.4028/p-M0pMsg


 

worthwhile to plan a new kind of lanthanide doped ZnO nanomaterial to carry out its photosensitive 
aspects by studying its fluorescence bands.  
This information is also highly required while developing new optical devices. Several reports are 
available on the synthesis and studies of the luminescent properties of doped semiconductors in 
various morphologies [4, 5]. Many information are obtainable on combination and revisions of 
luminescent properties with other RE ions [2].  Neodymium (Nd) doping in ZnO films was found to 
enhance their photo-catalytic and anti-bacterial activities [4]. Nd is typically 10-18% of the RE 
elements and is comfortable with marketable deposits from the luminosity RE element minerals 
bastnäsite and monazite [3]. Nd is exclusive of the most generally used essentials for great control 
laser actions. Moreover, Nd3+ doping reduces the band gap energy [6] and enhances the possibility 
of the photo-degradation of organic dyes under visible light as well as under UV light. The RE 
component drugged ZnO:Nd3+ nanoparticle finds numerous attractive possessions in optoelectronic 
and spintronic uses. Current study presented the synthesis and studies of the ZnO doped with 0.1 
mol%, 0.2 mol% and 0.3 mol % Nd3+ ion [5].  
This paper will mainly aim to discuss about the method synthesis of Nd3+ ion-doped ZnO 
(ZnO:Nd3+) nanomaterial and its fluorescence spectra at room temperature. Transmission electron 
microscopy (TEM), scanning electron microscopy (SEM) and selected area electron diffraction 
(SAED) imageries of the synthesized sample are utilized to explain the change in morphology of 
the ZnO:Nd3+ nanoparticles with the varying Nd3+ ion concentrations. It will also discusses about 
the oscillator strengths corresponding to 4f ↔ 4f transitions as characterized by different J-O 
intensity parameters (Ωλ). These parameters along with the fluorescence data and various radiative 
properties viz., spontaneous emission probability (A), radiative life time (τ), fluorescence branching 
ratio (β) and stimulated emission cross-section (σp) were evaluated and compared with the reported 
values. The values of these parameters indicate that the observed transitions 4F3/2 → 4I11/2, 4F3/2 → 
4I13/2 and 4F3/2 → 4I15/2 can be considered to be good laser transitions in the near infrared region for 
different optoelectronic and spintronic uses. 

Materials and Methods 
In this study, ZnO:Nd3+ nanomaterial was prepared using chemical synthesis method [1, 7]. All the 
solvents, viz. iso-propanol, ethanol, glycerol, methanol and acetone were of analytical research 
(AR) grade and 99.99% pure and these were used as received without further purification. Initially, 
the ZnO nanoparticles were stirred in alcoholic media like ethanol, methanol or propanol. In 
intoxicating alcoholic media growth of oxide units is found to be relaxed and it is convenient [2, 8]. 
Different solutions have been prepared by dissolving 0.2725 g of ZnCl2 (10-1 M, 20 ml), 0.545 g 
NaOH (10-1 M, 100 ml) and glycerol in alcoholic media (ethanol). Glycerol solution is then slowly 
added to NaOH solution while it has been continuously stirred. The resulting solution has been 
stirred for one hour before adding ZnCl2 and 0.1mol%, 0.2mol% and 0.3mol % Nd3+ ions solution 
to it. After two hours of constant stirring a milky white solution obtained. Size selective 
precipitation has been carried out using acetone as a non-solvent. The precipitate is then washed in 
methanol or ethanol followed by evaporation at room temperature to obtain ZnO: nanoparticles in 
white powder form. Fig. 1 illustrates the schematic overview of the synthesis workflow of 
ZnO:Nd3+ nanoparticles. Fluorescence bands for the developed ZnO:Nd3+ nanoparticles, strained in 
alcoholic mass media, were recorded at room temperature using Perkin Elmer Fluoroscence 
spectrophotometer (model LS50B) for the visible and near infrared (NIR) range. X-ray Diffraction 
spectra of the sample were recorded by Powder diffractometer (Model: X’pert Pro Powder 
diffractometer, Manufacturer: PANalytical, Country: Japan) SEM and TEM imageries are recorded 
by Scanning Electron Microscope (Model: FEI Quanta 200F, Manufacturer: FEI Company, 
Country: USA) and Transmission Electron Microscope (Model: FEI Technai G2200kV S-twin, 
Manufacturer: Aurora, Country: European University Alliance) respectively. Fourier Transform 
Infrared (FTIR) spectrum is obtained from PC using Omnic series software (Model: INQSOF018, 
Manufacturer: Thermo Fisher Scientific, Country: USA). Absorption spectra of the sample are 
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recorded by double beam spectrophotometer (Model: 2375, Manufacturer: Electronicsindia, 
Country: India) and Fluorescence spectra of the sample are recorded by Fluorescence 
Spectrophotometer (Manufacturer: Labindia Instruments, Model: F-4600, Country: India).    

 

Fig. 1.Schematic illustration of the synthesis workflow of ZnO:Nd3+ nanoparticles 

Results  
X-Ray Diffraction (XRD) Typical XRD spectra of 0.1 mol% Nd3+ doped ZnO nanomaterial is 
shown in Fig. 2. The ZnO: Nd3+ nanopowder’s crystalline size is estimated to be about 200-50 nm. 
The sharp diffraction bands at 2θ0 = 31.730 have been observed for 0.1 mol% Nd3+ doped ZnO 
nanomaterial. The XRD patterns reveal well developed reflections of hexagonal wurtzite Zn, 
without any indications of the phases related with Nd or other impurities such as Nd2O3 etc. This 
finding implies that the Nd3+ ion doping most probably occurs by substituting Zn atoms in the 
crystal structure. 

 
Fig. 2. XRD spectra of ZnO nanomaterial doped with 0.1 mol% of Nd3+ ion 

 
Scanning Electron Microscopy (SEM). SEM images of the ZnO:Nd3+-nanomaterials have been 
recorded at room temperature and shown in Fig. 3. The images shows creation of ZnO:Nd3+ 
nanostructures with well detached exposure but having gathered spots that are nearly circular in 
shape. These elements exhibit strong necking with their neighbors. The materials used were of 
varying sizes and are not homogeneous. The image shows approximate spherical shape of ZnO 
nanoparticles and the size of the particles are around 50-200 nm. It demonstrates clearly the 
formation of spherical ZnO: Nd3+ nanoparticles, and change of the morphology of the nanoparticles 
with the different concentration of Nd3+ ions. It is observed that with the increase in concentration 
of Nd3+ ions, the particle size decreases. Comparable behavior of ZnO nanomaterial doped with Pr3+ 
ion is also detected by Pal et al in recent past [9]. 
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Fig. 3. SEM micrograph of ZnO nanomaterial doped with (a) 0.1 mol %, (b) 0.2 mol % and  

(c) 0.3 mol %  concentration of Nd3+ ions  
 
Transmission Electron Microscopy (TEM). TEM imagings and particular part of the electron 
spreading shapes of ZnO:Nd3+ nanoparticle have been recorded and is shown in Fig. 4. Nearly 
hexagonal shapes for the dark spots in the images indicate that the ZnO nanoparticles are almost 
hexagonal. Some regions of the sample can scatter or absorb electrons and seems to be darker, 
while some other regions that transmit electrons seem to be brighter. Here the transmitted 
(unscattered) electron beam is selected with the aperture, and the scattered beams are blocked. Since 
the unscattered beam is selected, region with high mass materials seems to be dark. 
The estimated average particle size corresponding to 0.1 mol%, 0.2 mol% and 0.3 mol% Nd3+ ion 
doped ZnO nanoparticles are 200 nm, 100 nm and 50 nm respectively. When the concentration of 
Nd3+ is increased the particle size decreases and this is clearly seen in the TEM images. These 
results are also consistent with other RE metal doped ions like Gd doped ZnO nanomaterial [10]. 
 

 
 

Fig. 4. TEM micrograph of ZnO nanomaterial doped with (a) 0.1 mol%, (b) 0.2 mol% and (c) 0.3 
mol% of Nd3+ ion 

 

 
 

Fig. 5. High Resolution TEM showing Selected Area Electron Diffraction (SAED) pattern of ZnO 
nanomaterial doped with (a) 0.1 mol%, (b) 0.2 mol% and (c) 0.3 mol% of Nd3+ ion 

 
High resolution TEM imageries showing selected area electron diffraction (SAED) pattern of 
ZnO:Nd3+ nanomaterial doped with 0.1 mol%, 0.2 mol% and 0.3 mol% of Nd3+ ion are respectively 
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shown in Fig. 5 (a), 5 (b) and 5 (c). SAED pattern of ZnO:Nd3+ nanomaterial consists of bright 
uniform rings confirming preferential orientation for nanocrystals instead of random orientation 
different concentration level. Nearly hexagonal shapes for the dark spots in the images indicate that 
the ZnO nanoparticles are almost hexagonal. The estimated average particle size corresponding to 
0.1 mol%, 0.2 mol% and 0.3 mol% are 50 nm, 100 nm and 200 nm. 

 
Fourier Transform Infra Red (FTIR) spectroscopy. The FTIR spectra of 0.1 mol% Nd3+ doped 
ZnO nanomaterial in Fig. 6 consists of numerous peaks which are broad and moderate in 
bandwidth.  
 

 
 

Fig. 6. FTIR spectra of ZnO nanomaterial doped with 0.1 mol% of Nd3+ ion 
 

The absorption peak in the range 681 cm-1 are due to metal-oxygen bonds (Nd/ZNO). Absorption 
band at around 1381 cm-1 is due to the C-O stretching vibration of ethanol used for the synthesis 
[11-12]. The peak at 1642 cm-1 is assigned due to the bending vibrations of H-O-H bond. The broad 
band around 3452 cm-1 is equivalent to the basic stretching ambiance of O-H indicating the 
presence of hydrogen groups. 
 
UV-Visible Absorption Spectra. Optical property of nanoparticles is an important property which 
gives specific information about the agglomeration state, concentration, size, shape, etc. near the 
surface of the particles. These particles interact with specific wavelength of light and show 
maximum absorption at a particular wavelength [13]. The intensities of absorption transitions are 
measured in terms of the probability for absorption of radiant energy (Pexp) which represents the 
number of classical oscillators present in one ion, more commonly referred to as the oscillator 
strength.  
Table 1 gives the oscillator strengths for various absorption levels of 0.1 mol% Nd3+ doped ZnO 
nanomaterial. It is showing maximum for 4I9/2 → 4G5/2, 2G7/2   transition.  
The absorption spectra of different concentration  Nd3+ ion doped  ZnO nanomaterial  have been 
presented in Fig. 7. The intensity of 4I9/2 → 4G5/2, 2G7/2   transition is the principal determiners of the 
Ω2. This transition satisfies the selection rule ∆J ≤ 2 and is known as hypersensitive transition. 
However, for a solid material the oscillator strengths is generally expressed in terms of line strength 
(Sexp).  
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Table 1. Oscillator strengths for various absorption  levels  of 0.1 mol% ZnO:Nd3+ nanomaterial 
 

Absorption levels Wavelength    
(λ nm) 

Wave Number 
(1/ λ cm) 

Oscillator 
strength (10-6) 

4F5/2, 2H9/2 824 12135 12.24 
4F7/2, 4S3/2 775 12903 13.81 
4F9/2 682 14662 1.46 
2H11/2 611 16366 0.98 
4 G 5/2, 2G7/2 591 16920 20.65 
2K13/2, 4G7/2 551 18115 9.55 
4G9/2 540 18518 1.78 
2 K15/2, 2G9/2, 3D3/2 462 21645 2.99 
4D3/2, 4D5/2, 1F1/2, 4D1/2 377 26525 10.42 

 
A good agreement is found between the calculated and experimental line strengths for various 
absorption  levels  of 0.1 mol% Nd3+ doped ZnO nanomaterial and it is given in Table 2. The group 
strengths, definite in affairs of line strength (S), signifies the absorption spectra ZnO:Nd3+ 
nanoparticles samples [14-15]. 
 

 
 

Fig. 7. Absorption spectra of 0.1 mol %, 0.2 mol % and 0.3 mol % Nd3+ ion doped ZnO 
nanomaterial 
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Table 2. Experimental (Sexp) and calculated ( Scal) line strengths with  their  differences (∆S)  for  
various absorption  levels  of 0.1 mol% Nd3+ doped ZnO nanomaterial 

 

Absorption levels Sexp (10-20) Scal (10-20) ∆S 
4F5/2, 2H9/2 6.04 5.30 0.74 
4F7/2, 4S3/2 0.64 0.56 0.08 
4F9/2 0.59 0.38 0.21 
2H11/2 0.35 0.09 0.26 
4 G 5/2, 2G7/2 7.31 6.61 0.70 
2K13/2, 4G7/2 3.15 1.60 1.55 
4G9/2 0.57 0.60 -0.03 
2 K15/2, 2G9/2, 3D3/2 0.82 0.66 0.16 
4D3/2, 4D5/2, 1F1/2, 4D1/2 2.35 1.82 0.53 

 
Judd-Ofelt (J-O) Intensity Parameters. The oscillator strengths leading to 4f ↔ 4f transitions are 
characterized by the typical J-O intensity parameters (Ω2, Ω4 and Ω6) [16]. This deviation of the 
line asset is mirrored in the values of J-O parameters [17, 18], which are a function of crystal field 
parameters. The band intensities are defined by the line strength (S), in the absorption spectra of 
different sample. The J-O theory has been proved to be quite successful for the intensity analysis of 
the spectra of trivalent rare earth ions. Line strength (Scal) of an electric dipole transition between 
initial J manifold |fN(α, S, L)J >| and terminal J′ manifold |fN(α′ , S′, L′)J′ >|  is given by  
Scal =∑ Ω𝜆𝜆𝜆𝜆=2,4,6 |fN(α, S, L)J >|�Uλ�|fN(α′ , S′, L′)J′ >|2   
where |fN(α, S. L)J >| are the basis states in the LS coupling scheme and α represent an extra 
quantum number that might be necessary to describe the states completely, Uλ are the unit tensor 
operators of rank 𝜆𝜆′ which are double reduced to yield the matrix elements <�Uλ �> in the 
intermediate coupling [19], and Ωλ are the phenomenological J-O intensity parameters  
The main outcome of composition on Ωλ values arises through their dependence on the odd order 
terms in the expansion of local field at the RE site. Small highly charged ions polarize the 
neighboring oxygen ions more strongly, which in turn, increase the field at the RE ions. These J-O 
parameters are computed for ZnO:Nd3+ nanoparticle in Table 3.  
 

Table 3. J-O intensity parameters (Ω) for Nd3+ ion doped ZnO nanoparticles 
 

Ω  parameters Nd3+ doping in ZnO nanoparticle 
0.1 mol% 0.2 mol% 0.3 mol% 

Ω2 (10-20) 3.66 3.40 1.25 
Ω4 (10-20) 4.19 5.67 8.32 
Ω6 (10-20) 8.27 4.04 8.34 
Ω4/Ω6 0.50 1.40 0.99 

 

These are obtained by using partial regression method [20] taking into consideration of all the 
observed absorption peaks. These considerations show the general tendency of Ω2 < Ω4 < Ω6. The 
small values of Ω2’s in the specimen may be associated with the micro-structural homogeneity 
around the Nd3+ ions.  Ω2 < 2.0 indicates lesser degree of covalence in ZnO:Nd3+ nano-ion. J-O 
theory has been used to interpret the spectral intensity (line strength Sexp) of absorption levels. The 
Ωλ parameters are very important since they are used in the calculation of laser parameters. Ω2 
parameter involves the long range terms in the crystal field potential and is most sensitive [21-23] to 
the native physical deviations.   
 
Energy Parameters. The values of Slater-Condon parameters (Fk), Lande′ parameters (ζ4f) and 
Racah parameters (Ek) for the free ions as well as the doped ZnO:Nd3+ nano-ions have been given 
in Table 4. For all the cases, the relation among Fk parameters are found to be F2 > F4 > F6. 
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Table 4. Computed values of Slater-Condon parameter (Fk), Lande′ parameter (ζ4f), Racah 
parameter (Ek), Nephelauxetic ratio (β′) and Bonding parameter (b1/2) for Nd3+ doped ZnO 

nanomaterial 

Parameters Free ions 
Nd3+ doping in ZnO nanoparticle 
0.1 mol% 0.1 mol% 0.1 mol% 

F2 (cm-1) 331.09 330.15 340.86 335.63 
F4 (cm-1) 50.72 49.33 43.22 51.99 
F6 (cm-1) 5.15 5.00 5.72 5.04 
ζ4F (cm-1) 884.00 890.79 895.595 882.24 
E1 (cm-1) 5024.00 5011.75 5033.51 5004.12 
E2 (cm-1) 23.90 24.57 24.91 24.99 
E3 (cm-1) 497.00 482.86 480.85 483.90 
F4 / F2 0.15 0.17 0.12 0.17 
F6 / F2 0.02 .02 0.01 0.013 
E1 / E3 10.11 10.50 10.46 9.674724 
E2 / E3 0.05 0.08 0.05 0.05 
β’ … 0.991 0.9291 0.8746 
b1/2 … 0.04 0.02 0.025 

 
Calculated values of F4/F2 ~ 0.12-0.17 and F6/F2 ~0.01-0.013 are nearly same as the reported 
values. The value of ζ4f parameters are ~ 890.79, 895.59 and 882.24 for 0.1 mol%, 0.2 mol% and 
0.3 mol% of Nd3+ ion doped ZnO nanomaterial. It is of the same order as observed for free ions. 
However, the calculated value of ζ4f by Blume et.al [24] is ~1130cm-1. The higher calculated value 
may be due to use of analytical non-relativistic Hartree-Fock functions of f-orbital. It may be 
pointed out that ζ4f values are higher than the corresponding Pr3+ ions. Further the change in ζ4f 
values on doping Nd3+ is larger than the corresponding Fk values. This suggests that the ligands 
affect spin-orbit coupling more than the electrostatic repulsion.  
The values of Racah parameters E1, E2 and E3 have been calculated by the Fk parameters. The ratio 
of E1/E3 ~ 9.67-10.50 and E2/E3 ~ 0.050-0.08 are found to remain almost constant over the entire 
range of Nd3+ ion doping concentrations and are in good approximation with the corresponding 
hydrogenic ratios [25]. Using Fk parameters, Nephlauxetic ratio (β′) and bonding parameter (b1/2) 
are obtained in the range of 0.8746-0.9291 and 0.02-0.04 respectively. The order of the bonding 
parameters in different concentration of the nano-specimens are 0.1 mol% > 0.2 mol% > 0.3 mol%.  
 
Fluorescence Spectra. The fluorescence spectra of ZnO:Nd3+ nanoparticle have been recorded and 
shown in Fig. 8 and Fig. 9 respectively for the wavelength range 600-900 nm and 1000-1500 nm 
respectively. The vertical axis in Fig. 8 and Fig. 9 represents intensity in arbitrary units (a.u.). The 
excitation of the Nd3+ ions is done by the radiations (optical pumping) corresponding to its intense 
absorption bands. The wavelength of exciting radiation is written on each spectrum. Observed 
values of wavelength (λ) and half bandwidth (∆ λeff) at 583 nm excitation wavelength for various 
fluorescence peaks of Nd3+ doped ZnO nanomaterial with different doping concentrations have 
been given in Table 5. 
 
Radiative Properties. The radiative properties of uncommon soil ions have been theoretically 
studied by Krupke [26, 27] and others [28] in relation to J-O intensity parameters in absorption 
spectra. These properties are often called laser parameters [29]. For investigating signifyable laser 
transitions, σP is an important parameter. It is also found to be an implicative measure of the rate of 
energy extraction from the optical material. Large value of σP is advantageous for a short threshold 
and high improvement in the laser transition process.  
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Fig. 8. Fluorescence spectrum of ZnO nanomaterial doped with (a) 0.1 mol %, (b) 0.2 mol % and 

(c) 0.3 mol % of Nd3 ions for 600-900 nm wavelength range 
 

Table 5. Observed values of wavelength (λ) and half bandwidth (∆ λeff) for various fluorescence 
peaks of Nd3+ doped ZnO nanomaterial with different doping concentrations at 583 nm excitation 

wavelength 
 

Transition levels 
Nd3+ doping 
concentration in ZnO 
nanomaterial 

λ (nm) Δλeff (nm) 

4F3/2 → 4I9/2 
0.1 mol% 882.2 13.4 
0.2 mol% 882.6 13.0 
0.3 mol% 882.6 12.6 

4F3/2 →4I11/2 
0.1 mol% 1046.0 100 
0.2 mol% 1047.0 100 
0.3 mol% 1048.0 100 

4F3/2 →4I13/2 
0.1 mol% 1380.0 100 
0.2 mol% 1380.0 100 
0.3 mol% 1383.0 100 

4F3/2 →4I15/2 
0.1 mol% 1403.0 200 
0.2 mol% 1405.0 300 
0.3 mol% 1408.0 100 
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Fig. 9. Fluorescence spectrum of ZnO nanomaterial doped with (a) 0.1 mol %, (b) 0.2 mol % and 

(c) 0.3 mol % of Nd3+ ions for 1000-1500 nm wavelength range 

Different laser factors like emission probability A, branching ratio β, radiative life time τ,  and 
stimulated emission cross-section σP for the Nd3+ ion doped ZnO nanomaterial specimens are given 
in Table 6 by using the emission wavelength, reduced matrix elements for the relevant transitions 
and the J-O parameters, Ω2, Ω4 and Ω6. 
 

Table 6. Observed values of spontaneous emission probability (A), fluorescence branching ratio 
(β), radiative time (τ) and emission cross section (σp ) for various fluorescence peaks of Nd3+ doped 

ZnO nanomaterial with different doping concentrations at 583 nm excitation wavelength 
 

Transition levels 
Nd3+ doping concentration 
in ZnO nanomaterial A 

(s-1) β τ 
(µs) 

σp 

(10-20) cm2 

4F3/2→ 4I9/2 
0.1 mol% 1.91 1.00 523.00 1.39 
0.2 mol% 1.23 5.15 813.00 1.73 
0.3 mol% 1.91 4.40 376.00 2.80 

4F3/2→4I11/2 
0.1 mol% 2.01 0.51 498.00 20.10 
0.2 mol% 1.08 0.42 929.00 2.32 
0.3 mol% 2.00 0.46 501.00 6.47 

4F3/2→4I13/2 
0.1 mol% 0.40 0.09 245.00 10.32 
0.2 mol% 0.19 0.09 509.00 1.28 
0.3 mol% 0.40 0.09 247.00 3.97 

4F3/2→4I15/2 
0.1 mol% 0.26 0.05 372.00 10.86 
0.2 mol% 0.001 0.06 771.00 2.15 
0.3 mol% 0.002 0.06 376.00 2.80 
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As the 4f orbital of the tri-positive Nd ion are very efficiently shielded by 5s and 5p orbital, the 
peak values of fluorescence bands are not affected much by the host matrix in the NIR region. Four 
fluorescence bands have been observed in ZnO nanomaterial doped with 0.1 mol %, 0.2 mol % and 
0.3 mol % of Nd3+ ions. They have been assigned to transitions 4F3/2 → 4I9/2, 4F3/2 →4I11/2, 4F3/2 
→4I13/2 and 4F3/2 →4I15/2.The spontaneous emission probability (A) values have been calculated for 
the fluorescence bands at 882.2 nm (4F3/2 → 4I9/2 ), 1046 nm (4F3/2 → 4I11/2 ), 1380 nm (4F3/2 → 
4I13/2) and 1403 nm (4F3/2 → 4I15/2) for 0.1 mol %,  0.2 mol % and 0.3 mol % of Nd3 ion doped ZnO 
nanomaterials (Table 5). A value is found to be maximum for 4F3/2 → 4I13/2 transition for all the 
observed dopant concentrations of Nd3+ ions. These values for the other transitions are 
comparatively small.  
The obtained results indicate that the 4F3/2 → 4I11/2, 4F3/2 → 4I13/2 and 4F3/2 → 4I15/2 can be considered 
as the most probable transitions for all the Nd doped ZnO nanomaterial specimens, suggesting that, 
these transitions can be used as a good laser transition. The radiative life time τ for a transition is 
reciprocal of spontaneous emission probability A. These values of τ are given in Table 5 for  
0.1 mol %, 0.2 mol % and 0.3 mol % of Nd3 ion doped ZnO nanomaterials. The minimum τ values 
have been obtained for 4F3/2 → 4I13/2 and 4F3/2 → 4I11/2 transitions in comparison to two others 

transitions. The stimulated emission cross-sections, σp are calculated using the observed peak 
values λp of the fluorescence, their effective line width ∆λeff (Table 4) and the A values (Table 5). 
The σp parameter is the most important parameter as per the radiative properties are concerned. Its 
value (Table 5) signifies the rate of energy extraction from the laser material and is generally used 
to predict laser action in RE doped material prepared on laboratory scale. 

Discussion 
This synthesis and study of the ZnO doped with 0.1 mol%, 0.2 mol% and 0.3 mol % Nd3+ ion 
describes the fluorescence spectra of the ZnO:Nd3+ nanomaterial at room temperature. The SEM 
images of the ZnO:Nd3+ nanomaterial demonstrates clearly the structural formation of the 
ZnO:Nd3+ nanoparticles, and change of the morphology of the nanoparticles with the different 
concentration of Nd3+ ions. From the TEM images of the ZnO:Nd3+ nanomaterial it is obvious that 
with the increase in concentration of Nd3+ ions, the particle size decreases. Consideration of all the 
observed absorption peaks show the general tendency of Ω2 < Ω4 < Ω6. The small values of Ω2’s in 
the specimen may be associated with the micro-structural homogeneity around the Nd3+ ions.  Ω2 < 
2.0 indicates lesser degree of covalence in ZnO:Nd3+ nano ion. The study of the radiative properties 
of the ZnO:Nd3+ nanomaterial suggests that the most probable laser transitions in different 
ZnO:Nd3+ specimens are 4F3/2 → 4I11/2, 4F3/2 → 4I13/2 and 4F3/2 → 4I15/2.  

Conclusion 
From this study, it can be concluded that 0.3mol% concentration of Nd3+ ion doping in ZnO will 
become most suitable for its optical properties by altering its electronic structure enhancement in 
different optoelectronic efficiencies application. The ZnO size growth inhibition phase reduction 
narrow down the band gap and reduces agglomerations in chemical medium. Aimed at all the 
ZnO:Nd3+ nanoparticle specimen, suggesting that, transitions 4F3/2 → 4I11/2, 4F3/2 → 4I13/2 and 4F3/2 
→ 4I15/ can be used as a laser transition. Nd is individual of the record broadly jumble-sale essentials 
for great control laser applications.  
Also, Nd3+ incapacitating shrinks the band gap energy and develops the option of the photo 
degradation of organic dyes. ZnO thin film exhibits high photocatalytic performance under UV-
irradiation of methylene blue. In addition, the low toxicity and strong UV-radiation absorption 
ability of ZnO nanoparticles further enhance their attractiveness as an antibacterial agent [30]. 
Hence, the RE component drugged ZnO:Nd3+ nanoparticle finds numerous attractive possessions in 
optoelectronic and spintronic uses.   
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