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Synthesis, optical properties, and applications of Eug:3+ Na"-doped
high-color-purity Sr3MgNb,0g red phosphors for w-LEDs and the detection
of latent fingerprints

Houteng Zhao *, Yilian Ran , Xiya Miao *, Siyu Cheng *, Dongze Li ", Yufeng Du *, Xiang Liu ",
Ruijin Yu™
* College of Chemistry & Pharmacy, Northwest A&F University, Yangling, Shaanxi 712100, PR China

® Collaborative Innovation Center of Water Security for Water Source Region of Mid-line of South-to-North Diversion Project of Henan Province, Nanyang Normal
University, Nanyang, Henan 473061, PR China

ARTICLEINFO ABSTRACT

Keywords: A series of novel phosphors, doping Eu’* and Na* ions in the SryMgNb;0g (SMNO) crystal lattice (SMNO:xEu’",
Phosphor i i xNa®, x = 0.5-30 mol%), was successfully synthesized through high-temperature solid-state reaction. X-ray
SryMgNb20:Eu™", Na diffraction (XRD) analysis and Rietveld refinement confirmed the successful synthesis of SMNO:Eu®*, Na*. The
:E;;Eilmm phosphor belongs to the hexagonal crystal system and the P 3 m1 (No.164) space group. The bandgap energy of

SMNO was calculated with Materials Studio and measured with the use of diffuse reflectance spectroscopy. The
excitation spectrum of SMNO:Eu”*, Na* displays multiple narrow absorption peaks in the violet-blue region as
well as a charge transfer band (CTB) near 300 nm, exhibiting the highest peak at 394 nm. Four distinct char-
acteristic peaks are observed in the emission spectrum of SMNO:Eu®**, Na*. Notably, the peak at 601 nm shows
the highest emission intensity due to the radiative transition from *Dg—’F. By varying doping concentrations, it
was determined that an optimal concentration of 5 mol%Eu”" resulted in phosphors, with high color purity
exceeding 99 %. Concentration quenching Is attributed to the nearest neighbor ions interaction. Furthermore,
SMNO:Eu:"*, Na™ exhibited good stability in 300480 K, with luminescent intensiry remailning 68.6 % at 420 K
and 54.4 % at 480 K compared to room temperature (300 K). The internal quantum efficiency (IQE) of SMNO:5%
Eu®', 5%Na" is 65.0 %. Both red and white light-emitting diodes (LEDs) were prepared using SMNO:Eu®', Na .
The chromaticity coordinates of w-LED were measured as (0.357, 0.376), correlating to a correlated color
temperature (CCT) of 4685 K and exhibiting a good color rendering index (CRI, R, = 88). Additionally, the latent
fingerprint (LFP) development demonstrated clear visualization of Levels I-1II characteristic structures of fin-

gerprints when utilizing SMNO:Eu’*, Na*. These findings suggest promising applications for SMNO:Eu®*, Na* in
w-LED lighting and LFP development.

1. Introduction poor sensitivity, and insufficient contrast [2.3]. In recent times, rare-

earth-doped luminescent materials have emerged as significant

Fingerprint is the pattern of lines on the surface of human skin, the
traces remained after contacting the surface secreted by the skin, which
is a unique biometric feature of each person [!|. Latent fingerprint
identification (LFP) technology utilizes this uniqueness for identification
and verification and can be used for criminal investigation and evidence
collection. Fingerprint detection is often carried out using traditional
physical and chemical techniques, such as silver nitrate, ninhydrin, laser
detection, etc., which have limitations such as high toxicity, high cost,

* Corresponding authors.

research in the field of LFP detection because of their exceptional lu-
minosity which helps in eliminating interference from the background
[4]. This aspect has made them a hot research topic arousing immense
interest to scholars in this field.

White light-emitting diodes (w-LEDs) are a viable substitute because
of their efficiency, durability, and low power usage [5]. The majority of
w-LEDs on the market today are made of Y3Als0,4:Ce>" yellow phos-
phor powder and blue InGaN LED chips [6]. However, w-LEDs have
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