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Abstract 

 To improve orange-red color releasing phosphor material with white light emitting diodes (W-LEDs), 

2mol%, 4mol%, 6mol% and 8 mol% of Sm3+ ion doped in KMgBO3 phosphor materials were made up with 

solid state technique. Their structural, morphological, optical along with emission characteristics of produced 

powders have been studied using XRD, FTIR, SEM, UV-Vis-NIR spectrometer along with fluorescence 

spectrometer. This XRD spectrum shows the crystal structure of KMgBO3: Sm3+ phosphors are single phase 

cubic through P213 space group. From excitation spectra, the prominent excitation band observed at 

6H5/2→
4F7/2, this transition has been utilized to get emission spectra. The emission spectra consist of 

4G5/2→
6H5/2,

6H7/2 and 6H9/2 transitions corresponding to the Sm3+ ion.This intense emissions band was noticed 

on4G5/2→
6H7/2 among all these luminescence transitions. The CIE, CCTand decay life time values were 

computed and analyzed. All of these findings strongly suggested the produced phosphor materials are useful for 

orange-red color emission component in W-LEDs along with displaying devices. 

Keywords: Solid-state technique; Rare earths; Emissionsspectra; CIE; KMgBO3 phosphor materials. 

Introduction 

A material which shows luminescence is typically called as phosphors. It is synthesized by activating the 

rare-earth (RE) along with transition elements. Phosphors recently ignited scientific attention owing to its vast 

variety of uses [1, 2]. RE-doped materials have been significantly investigated owing to its favourable 

spectroscopic characteristics, such as tuneable emission, brightness, high Stokes change, substantial emission 

efficacy and long emission lifetime [3, 4]. These properties frame RE-doped materials utilized in  amplifiers, 
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optical temperature sensing, lasers, cells of solar, detection of x-rays, communication devices, panels of display, 

medical research and storage of energy devices [5-9]. 

Due to f-f transitions of several discrete energy levels, RE doped phosphors generally display sharp 

radiation over a large spectrum. Based on the host matrix, with RE ions functioning as catalysts or 

detectors[10]. Several investigations have already initiated using various strategies to enhance the luminous 

behaviour of RE doped phosphors. [6, 11]. In fact, the phosphor's luminous centres, structures, and components 

have a significant impact on the colour, intensity, and luminous efficiency [10, 12, 13].  

When selecting acceptable hosts and dopants, it were noticed the structure of crystals, ionic radii, 

conductivity of heat, light efficacy, refractive index, and phonon frequencies become important considerations 

since particular phosphors' distinctive compositions make them more helpful. [14,15].  

Because of its great intensity, small size, energy savings, extended lifespan, and excellent colour 

rendering index (CRI), solid-state WLEDs have attracted attention [2, 10, 12]. Because of all of these features, 

WLEDs have mostly replaced traditional luminescent and incandescence bulbs [16]. WLEDs are often created 

by combining different colours generated by multichip LEDs to WLEDs using phosphors. [17]. The latter 

process produces what are known as phosphor transformed WLEDs, which possess high CRI readings and 

constitute almost all of commonly accessible WLEDs.The resultant features of emitting phosphors were 

required to make WLEDs and their light applications. For instance, Sreeja et al. investigated thatEu3+ ions 

doped Ba2CaWO6 [17] and Pr3+ doped Ba2CaWO6 [18] phosphors may emit white light effectively. In addition, 

ZhenghuaJu et al. researched Eu3+ and Sm3+ activated SrWO4 phosphors for usage on W-LEDs [19, 20], while 

D. Singh et al. investigated Eu3+ and RE3+ stimulated SrAl2O4 Green nano phosphors for display device 

applications [21].Wang et al. [22] additionally released more important investigations on a variety of WLED 

phosphors.This study's long-term goal is to find RE ion triggered phosphors as luminous materials that have 

significant quantum efficiency. Samarium stands out among all RE ions because its 4G5/2 - transmitting level has 

high quantum efficiency as well as variety of emission-quenching routes [23, 24]. The considerable energy 

gaping (7000 cm-1) over the Sm3+ levels 4G5/2 as well as 6F11/2 supports reducing non-radiative decay [25]. Sm3+ 

ions often produce reddish-orange light owing to electronic shifts involving the excitation state 4G5/2→
6H5/2, 

6H7/2, 
6H9/2 and 6H11/2 [26, 27]. 
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In accordance to research literature, Sm3+ ion doped phosphors have a high number of visible light 

output channels, allowing them to be used in LEDs, tuneable lasers, optical  devices for communication, and 

devices for displaying [25-28].Any suitable host material must be selected to produce the effective emission of 

white light phosphors. Actually, oxide hosts are both physically as well as chemicallyreliable to the relevance 

borates owing to dynamic luminous characteristics as well as diverse crystalline structure [29,30]. Alkaline-

earth borates material technological recognised for the light emissions. In this regard, Ce3+ triggered NaSrBO3 

[31] is used for blue light Tb3+ triggered Sr2B2O5 [32] and Ce3+ triggered NaBaBO3 [33] are used for green 

emissions and LiSr4(BO3)3 added with Sm3+ [34] phosphors are being proposed to be exciting luminous 

materials.There are no publications about the structure their nature, optic performance as well as luminescence 

abilities of Sm3+ triggered KMgBO3 (KMB) phosphor material based on a review of the literature.The process, 

structural their nature, optical performance, and emission features of Sm3+ triggered KMgBO3 phosphors synthesised 

utilising a solid state approach are described in this study. The geometrical nature, optic performance, radiation 

performance, stimulated condition as well as decay life time features for the produced phosphors got thoroughly 

investigated. 

Exploratory Section 

Solid state approach was adopted for creating the 2mol%, 4mol%, 6mol% and 8 mol% of Sm3+ ion 

doped in KMgBO3 phosphor materials. Initial substances contained higher purity powdered of H3BO3, MgO, 

K2CO3, and Sm2O3. Depending on the balanced relationship, the matching starting components were weighed 

and combined with help of small of quantity of acetone before being crushed in a mortar of agate for a sixty-

minute period to achieve homogeneity.Which were heated for a period of 120 minutes in a crucible made of 

porcelain at a temperature of 200 °C. The phosphor grains then crushed for another thirty-minute period before 

being put in a crucible made of porcelain that was heated at 700 oC using a muffle oven for a period of five 

hours. The collected samples were thoroughly cooled to lab temperature and examined. X-ray diffraction 

characteristics of 2mol%, 4mol%, 6mol% and 8 mol% of Sm3+ ion doped in KMgBO3 phosphor materials were 

obtained with the help of Bragg-Brentano configuration of Shimadzu XRD-6000 diffraction meter. In this as 

detector Cuα source of x-rays a counter for scintillation and nickel made filter to blocking Kβ 

emissions.Shimadzu tracer-100 FTIR spectrometer with ATR Diamond attachments was used to get the 600-

4000 cm-1 range of IR spectra phosphors. Scanning electron microscope (SEM, S-4800) applied to investigate 
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the surface of phosphor materials. The reflectance spectra of diffusion have been gathered using the UV-Vis-

NIR spectrophotometer (Varian: 5000).  

 

The excitation, emission and decay curves were recording using xenon lamp (450 W) of EDIN-BURGH 

FLS980 fluorescence spectrometer.  

Discussion & Outcomes 

Crystal structure 

 

 

    

 

 

 

 

Fig.1. XRD spectrum of sm3+ doped KMgBO3 phosphor powders 

 

The X-ray diffraction spectrum of solid state developed 2mol%, 4mol%, 6mol% and 8 mol% of Sm3+ 

ion doped in KMgBO3 phosphor materials displayed in Fig. 1. In this bands of distribution were equivalent of 

Inorganic Crystal Structure Database (ICSD) no. 174336 with no any extra peaks. 

This findings proved that the existing phosphor powders constitute single phased, perfect cubic crystal 

with the P213 space group as their structure and their lattice constant a = b = c = 6.8344 [35]. The miller indices 

have been utilised to index all of the diffraction spikes.  

Eq.1 [36] derivesmean crystallite size (D) using the Debye-Scherer's technique. 

Dhkl= kλ/[β(2θ) cosθ]      (1) 

In which λ denotes X-ray wavelength (1.5405 Å), k denotes constant (0.9), θ denotesdiffraction angle of 

measured profile and β denotes full-width at half maximum (FWHM, in radian).  All D values of the 2mol%, 
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4mol%, 6mol% and 8 mol% of Sm3+ ion doped in KMgBO3phosphor powders were determined using the 

significant diffracted peak at (0 1 2) and were found to be 1.140, 1.126, 1.084 & 0.998µm, accordingly. 

Fourier transform infrared spectral analysis 

 

    

 

 

 

 

 

Fig. 2. FTIR spectrum of Sm3+doped KMB phosphor powders 

Because of infrared wavelength (IR) absorption, FTIR shows molecular vibration properties. The 

intensity of absorption shows how quickly molecules may exchange absorption energy for a change in dipole 

moment, which in turn causes vibrations in the molecules. 

The FTIR spectrum of 2mol%, 4mol%, 6mol% and 8 mol% of Sm3+ ion doped in KMgBO3phosphor 

powders were provided in the Fig. 2.  The bands of absorption noticed at 2800-3600 cm−1 were ascribed to –OH 

stretched vibrations of moleculeand the spectra was caused by materials absorbing ambient water contents 

[37].An absorption band of 1665 cm-1 was found to correspond to the asymmetric stretched vibration of B-O 

bonding.The 1315 cm-1 absorbance band has been identified and it is associated with B-O asymmetric stretch 

vibration. The absorption bands 1024 and 877 cm-1 were identified and they are associated with BO3 trigonal 

vibrated B-O bonding. Absorbance band were identified in the absorbing peak of 710 cm-1and that was related 

to Mg/K-O stretches of the Mg/KO6Octahedron [38]. The existence of B-O trigonal BO3 along with metallic 

linkages in KMB is confirmed by FTIR spectra. 
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Morphology analysis 

  

(a) (b)

(c) (d)

 

Fig.3. SEM images (a-d) of Sm3+ doped KMB phosphor Powders 

Fig. 3.display the SEM image (a-d) of 2mol%, 4mol%, 6mol% and 8 mol% of Sm3+ ion doped in 

KMgBO3 phosphor powders. It denotes uneven morphological features caused by milling the materials during 

preparation at the elevated temperatures were required to create the phosphor powder. All of the pictures 

revealed particle sizes ranging from 1 to 4 µm. 

Diffuse reflectance analysis 

 

 

 

 

 

 

 

Fig.4. Absorption spectra of Sm3+ doped KMB phosphor powders 

Fig. 4. exhibits the diffused reflectance spectra (DRS) of 2mol%, 4mol%, 6mol% and 8 mol% of Sm3+ 

ion doped in KMgBO3 phosphor powders. The absorption spectra revealed that electron transit through a 

valence band to conduction band induced strong peaks in absorption at 220, 407, 1084, 1238 and 1591 nm. 

Furthermore, when the concentration of Sm3+ ions went up, their absorption peaks changed slightly to appear at 

lower wavelength (blue shift).From the UV-Vis band, no fragile absorption peaks were noticed in any of the 

samples, suggesting that surface flaws, traps and contaminants are very low. Applying wood and Tauc's 
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connection, optical energy gap (Eg) for 2mol%, 4mol%, 6mol% and 8 mol% of Sm3+ ion doped in 

KMgBO3phosphor powders were computed.As per Eq. 2, Eg is an amalgamation of energy of photons as well as 

absorption[39]. 

hνα ∝ (hν  Eg)k    (2) 

Where h denotes Planck’s constant, υ denotes frequency, k denotes constant, Eg denotes optic energy gap and α 

denotes absorbance associated for distinct classes on electronic shifts(k=1/2, 2, 3/2 and 3). 

 

 

 

 

 

 

 

               

Fig. 5. Tauc’s plot of Sm3+doped KMB phosphor powders 

As a consequence of scientific evidence indicating the oxides substances having directly permitted 

electronic shifts, k=1/2 was used into conventional Eq. 2. Extrapolation of a straighter portion at its tail either 

the curve (hvα)2 = 0 on the absorbent spectra generated Eg values, displayed on Fig. 5. That predicted Eg 

readings for 2mol%, 4mol%, 6mol% and 8 mol% of Sm3+ ion doped in KMgBO3 phosphor powders given the 

following chart proved 4.60, 4.41, 4.08 and 3.95 eV respectively. Eg reading reduced as Sm3+ concentration 

grew due to structural flaws. The Eg values dropped as Sm3+ concentration grew due to structural flaws like 

voids and the degree of structure disorder found in the crystalline material, indicating that suited to swapping 

intermediates in state of energy allocations inside the gap between the bands. 

Photoluminescence studies  
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Fig. 6. Excitation spectra of Sm3+doped KMB phosphor powders 

 Excitation, emissions as well as deterioratedata had been used for exploring the photoluminescence 

characteristics of 2mol%, 4mol%, 6mol% and 8 mol% of Sm3+ ion doped in KMgBO3 phosphor powders. That 

excitation spectra were collected tracking emissions on 608 nm associated transition 4G5/2 →
6H7/2 of Sm3+ ion 

can be seen Fig. 6. A sequence of excited bands ranging from the 6H5/2 ground level to stimulated energy levels, 

including 4P7/2 (370 nm), 4F7/2 (400 nm), 4G9/2 (437 nm) and 4I13/2 (475 nm) can be displayed in excitation 

spectra. The excited bands were assigned in accordance with Carnall et al. [40]. The excited spectrum 

demonstrate the strength for the detected Sm3+ excitation lines increases with concentration, exhibiting that 

Sm3+ ions are distributed uniformly. The 6H5/2 →
4H7/2 (400 nm) transition has the greatest amplitude among the 

reported excitation transitions, therefore the wavelength associated to that transition was utilized to analyze the 

fluorescence Sm3+ ions in KMB phosphor powders. 

 Emissions spectrum of 2mol%, 4mol%, 6mol% and 8 mol% of Sm3+ ion doped in KMgBO3 phosphor 

powdersobtained by activating with 400nm (6H5/2→
4H7/2)  xenon flash lighting show Sm3+ typical emission 

peaks in the spectrum area from 550 to 720 nm.The luminescence spectrum of investigated phosphor powders 

were shown in Fig. 7 after 400 nm excitation. Emission spectrums were allocated for the four Sm3+ ion 

transitions 4G5/2 →
6H5/2 (558 nm), 6H7/2 (608 nm), 6H9/2 (653 nm) and6H11/2 (708 nm). The amplitude emissions 

at 608 nm connected with the4G5/2 →
6H7/2 shift has the maximum strength and it is accountable to the typical 

orange - red light outputwith Sm3+ ions. 
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Fig. 7. Emission spectrum of Sm3+ doped KMB phosphor powders 

 The emission spectra, like the excitation spectra, reveal a quenching in photoluminescence brightness 

above 6 mol% Sm3+ concentration of ions. Concentrated quenching on both emission as well as excitation with 

greater Sm3+ ion concentration (x > 6 mol%) might be associated the conversion of energy across activated 

Sm3+ ion via relaxation crosswise. 

 When it comes to Sm3+ ion, the transitions 4G5/2 →
6H5/2 (558 nm), 6H7/2 (608 nm) were magnetic dipoles 

(DJ = 0, ±1), whereas the transitions 4G5/2 →
6H9/2, 

6H11/2 were electric dipoles (DJ ≤ 6) [41]. To figure out the 

precise local symmetries of these Sm3+ ions, also a compatible intensity ratio (IR) between electric dipole with 

magnetic dipole transformations (IR = 4G5/2 →
6H9/2 / 

4G5/2 →
6H7/2) was found. In cases where the IR magnitude 

is below one, their Sm3+ ions fill the hosting lattice’s inversion symmetry positions. If in cases magnitude is 

above one, their Sm3+ ions fill the hosting lattice’s non- inversion symmetry positions [42].  

 The IR magnitudes in the current study are likely 0.184, 0.218, 0.319 and 0.302 for x= 2, 4, 6, and 8 

mol%, accordingly. The tiny (lower than one) value of IR implies the presence of Sm3+ ions reside in the KMB 

lattice’s inversion symmetry locations. The IR quantities, like excitation and emission spectrum, show 

concentration quenching. 
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Emission deterioration 

 

 

 

  

 

  

 

 

 

Fig. 8. Emission deterioration curves of Sm3+ doped KMB phosphor powders 

Emission deteriorate caused by the 4G5/2 exciting degree of Sm3+ ion in KMB phosphor powders were 

studied by measuring the emission along with stimulation wavelengths for 608 nm as well 400 nm, accordingly. 

Fig. 8. exhibits the deteriorate intensity verses time graphs. Each of the deteriorate curves match clearly with a 

double exponential activities,𝐈 = 𝑨𝟏𝒆
(
−𝒕

𝝉𝟏
)
+ 𝑨𝟐𝒆

(
−𝒕

𝝉𝟐
)
, at which I denotes value of intensity with time t, 1as well 

as 2constitue the exponent life time factors and A1 and A2 stored as constants [43]. The period of existence of 

a specific emission level was calculated by multiplying the initial e –folding by the strength of 

deterioratecurves. The lifespan values for 2mol%, 4mol%, 6mol% and 8 mol% of Sm3+ ion doped in KMgBO3 

phosphor powders comprised, accordingly 0.85, 0.69, 0.57 and 0.38ms. The enhanced interactions among 

excited Sm3+ ions might explain the steady reduction in lifespan with increasing Sm3+ concentration. The 

dampening of fluorescence deterioration at increasing Sm3+ ion concentrations (x > 6 mol%) is caused mostly 

by the transmission of energy among the excitation of Sm3+ ions via crossed relaxation. When activated at 400 

nm, these 2mol%, 4mol%, 6mol% and 8 mol% of Sm3+ ion doped in KMgBO3 phosphor powdersdisplay bright 

orange-red lighting. As a result, the 6mol% Sm3+ ion doped KMB phosphor powders is suited for orange-red 

output in a variety of optical use cases. 
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Chromaticity coordinates and Correlated color temperature   

 

Fig. 9. CIE diagram of Sm3+ doped KMB phosphor powders 

To look into the color perception as well as emission temperatures for 2mol%, 4mol%, 6mol% and 8 

mol% of Sm3+ ion doped in KMgBO3 phosphor powders, this Commission Internationale de I’Eclairage (CIE) 

1931 coordinates of chromaticity (x, y) as well as Co-related colour temperature (CCT) were calculated 

utilizing emission spectrum and are presented in table 1 [44]. All of the CIE coordinates can be identified in this 

orange-red zone of the CIE map displayed with this Fig.9. These CCT readings showed that the emitted light 

generally warm. 

Table 1. CIE and CCT readings for Sm3+ doped KMB phosphor powders 

Specimen CIE (x, y) CCT (K) 

KMB: 2 mol% Sm3+ (0.6022, 0.3920) 1411 

KMB: 4 mol% Sm3+ (0.6144, 0.3824) 1311 

KMB: 6 mol% Sm3+ (0.6195, 0.3751) 1256 

KMB: 8 mol% Sm3+ (0.6175, 0.3792) 1283 

Conclusions  

The unique single-phase orange-red glow producing these 2mol%, 4mol%, 6mol% and 8 mol% of Sm3+ 

ion doped in KMgBO3 phosphor powders have been made utilised a standard solid-state reaction approach. A 

thorough examination of the crystal structure, its morphology, molecule vibrations, optical, emission, as well as 
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deteriorate life time features of produced phosphor powders were performed. According to XRD results, all of 

the produced phosphor powders crystallized in the P213 space group cubic system, with no extra spikes. It 

implies as all of specimens were synthesized in a single phase with no impurities. FTIR analysis revealed that 

the entire produced materials had B-O of trigonal BO3, B-O-B connections as well as metallic bonds. 

Absorption spectrums have been used to obtain the optical energy band gap standards. A emission spectrum 

were collected at 400nm, as well as emissions band were identified at 558, 608, 653 and 708 nm, correlating to 

the electronic shifts of Sm3+ions 4G5/2→
6H5/2, 

6H7/2, 
6H9/2 and 6H11/2 accordingly. This visible emission band was 

identified at 608nm across all of those emission bands. The level of emission increased till to 6 mol% with 

increasing Sm3+ ion concentration. However, when the doping concentration is further raised, the emission 

intensity dropped because of its concentration dampening effect. The CIE and CCT quantities were calculated 

using emission spectrum that proven, light it radiates in orange-red was warm.The deteriorating life time 

quantities of all Sm3+ added phosphor specimen were calculated. All of these findings indicate the phosphor 

specimens are well suited for orange components for white light emitting diodes as well as display purposes. 
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