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A B S T R A C T

NdSi3N5 nanoparticles were successfully synthesized and stabilized with hot injection and heat up methods. We 
have, therefore, investigated the influence of the heating time (ta) variation to study the film morphology, 
structural and optical properties. Deep demonstrations based on X-ray diffraction, Raman spectroscopy, X-ray 
fluorescence analysis and Fourier transform infrared spectroscopy reveal the formation of the expectant NdSi3N5 
compound for optoelectronic devices. The results showed that phase separation occurs during the annealing 
process due to the condensation of the Si excess; bring about in orthorhombic phase stability. Basing on bonds 
confinement model, the result of Raman spectroscopy has surprisingly revealed an important property of nano- 
structuration behavior as detected by high-resolution scanning electron microscopy. The resulting material has 
interesting physical properties, which are sought after in many optoelectronic industries.   

1. Introduction

Silicon nitride has attracted interest in several technology applica-
tions as mechanical, resistance to oxidation, thermal shock, optoelec-
tronics, and photovoltaic industry [1–3]. The Si3N4 exists in two stable 
hexagonal polymorphs (designated α[P31c]- and β[P63/m]-Si3N4) with 
very similar structures [4] both being obtained under conventional 
conditions. The α-Si3N4 phase is built basing on SiN4 tetrahedrons and 
can irreversibly transform into β-Si3N4 at high temperatures, which is 
twice as short. Despite being cheap, these crystalline structures and their 
nanostructuration advance solar cell technology as an emerging topic of 
research in the photovoltaic field due to the efficient light absorption. 
Therefore, light trapping schemes must be developed to increase the 
efficiency of solar cells based not only on the film nanostructuration but 
also on the type and the addition of a rare-earth (RE) ions amount, which 
can improve the optoelectronic properties and can show relatively lower 
barrier for carriers within more intense light emission [5,6]. Likewise, 
the silicon nanoparticles (Si-NPS) act as efficient energy sensitizers for 
rare-earth (RE) ions incorporation [7] causing a shift of the emissions for 

a wider photon energy range [8]. An earlier study has been accom-
plished using a mixture of Nd2O3 with silicon-rich silicon nitride (SRSN) 
compounds as active materials, taking advantage of the superior opto-
electronic performance provided by Si-NPs [9]. Further Si-NPs have a 
smaller size [10]; this is advantaged to separate the oxygen from Nd2O3 
clusters, which caused a quench of Nd3þ emitting-light [11]. In this 
situation, the Nd concentration should be small so that full-color lumi-
nescence being intense [12]. 

However, the silicon nitride material has a breakdown strength of 9 
MV/cm [13] and a bandgap of 5.3 eV leading sufficiently to confine the 
charge carriers in the lattice (versus to 9 eV as band gap of SiO2) [14,15]. 
Although the nature of bandgap changes from indirect to quasi-direct 
due to the decrease in grain size, in that case, the room temperature 
photoluminescence (PL) can have an intense emission in the visible 
range [16]. Further, the Si-NPs were grown and formed clusters with 
Nd3þ ions; they lead to an increase in the Nd3þ energy sensitizer and 
allowing one to obtain high content of Nd3þ ions sensitized, which is the 
key parameter to achieve future photonic components [17]. Kenyon et 
al. [18] demonstrated that the presence of Si-NPs exhibits an increase in 

* Corresponding author.
E-mail addresses: ouarab_nourdine@yahoo.fr, n_ouarab@crtse.dz (N. Ouarab).

Contents lists available at ScienceDirect 

Physica E: Low-dimensional Systems and Nanostructures 

journal homepage: http://www.elsevier.com/locate/physe 

https://doi.org/10.1016/j.physe.2020.114286 
Received 27 February 2020; Received in revised form 7 May 2020; Accepted 4 June 2020   

mailto:ouarab_nourdine@yahoo.fr
mailto:n_ouarab@crtse.dz
www.sciencedirect.com/science/journal/13869477
https://http://www.elsevier.com/locate/physe
https://doi.org/10.1016/j.physe.2020.114286
https://doi.org/10.1016/j.physe.2020.114286
https://doi.org/10.1016/j.physe.2020.114286
http://crossmark.crossref.org/dialog/?doi=10.1016/j.physe.2020.114286&domain=pdf

	Formation mechanism of NdSi3N5 nanocrystals via hot-injection and heat-up methods
	1 Introduction
	2 Experimental details
	3 Results and discussion
	3.1 Structural characterizations
	3.1.1 X-ray diffraction
	3.1.2 Raman spectroscopy

	3.2 Diffuse reflectance measurements
	3.3 SEM micrographs and AFM microscopy analysis
	3.4 X-ray fluorescence
	3.5 Fourier transform infra-red spectroscopy
	3.6 Electrochemical capacitance-voltage

	4 Conclusion
	Acknowledgements
	Appendix A Supplementary data
	References




