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In this study, rare earth ion (Sm3+) doped and Li-co-doped magnesium aluminate (MgAl2O4) 

nanoparticles were synthesized using polymerised sol-gel combustion method. A series of trivalent 

Samarium (Sm3+) activated magnesium aluminate nanophosphors (Mg1-xSmxAl2O4 (x = 0.02, 0.04, 

0.06, 0.08 and 0.10))  and Li-co-doped MgAl2O4: Sm3+nanophosphors were synthesized and their 

structural, optical and luminescence properties were studied using different characterization 

techniques such as X-ray diffraction (XRD), Fourier transform infrared spectra (FTIR), Diffuse 

reflectance spectra (DRS), X-ray photoelectron spectroscopy (XPS) and photoluminescence (PL) 

spectroscopy.The polymer used was polyvinylpyrrolidone(PVP) which acted as a reducing agent 

and stabilizing agent during synthesis. The average crystallite size,which was estimated from the 

x-ray diffraction analysis of all prepared nanophosphors,was around 10 nm. FTIR spectra showed 

various fingerprint bands in the range 400-700 cm-1. DRS spectra showed strong absorption in the 

UV region at 401 nm.XPS analysis confirmed the presence of different elements in the prepared 

nanophosphors. Photoluminescence emission spectra showed many characteristic peaks in the 

visible region for all samples upon 401 nm excitation. The most prominent peak was at 649 nm 

wavelength corresponding to the 4G5/2 – 6H9/2 transition. Li-co-doping enhances the emission 

intensity by almost 1.98 % without change in the peak positions. The results suggest that the 

synthesized nanophosphors could be an excellent choice for orange-red emitting luminescent 

materials for UV-excited phosphor-converted white light-emitting diodes and for various photonic 

applications. 
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1. Introduction 

The huge demand for luminescent materials in display and optical applications led to the 

development of nanomaterials activated by lanthanide ions [1]. Inorganic phosphors based on 

oxide systems are excellent choices due to their low toxic level,high mechanical strength, high 

melting point, high resistance to chemical attacks, their excellent dielectric and optical 

properties, and the absence of radioactive elements. When rare earth ions are incorporated into 

suitable hosts, the nanophosphors obtained can produce intense narrow emissions due to 4f 

shell electronic transitions. A prominent rare earth ion which produces intense reddish orange 

light is Samarium (Sm3+) [1]. Magnesium aluminate (MgAl2O4) with spinel structure is 

considered to be the most reliable host material due to many attractive properties like  wide 

http://www.nano-ntp.com/
mailto:deeparanis1970@gmail.com


325 Deepa Rani S . Effect Of Li-Co- Doping On The Structure....                                                                                 

 

Nanotechnology Perceptions 20 No. S14 (2024)  

band gap, stable thermal and chemical properties, excellent dielectric and optical properties, 

and the absence of radioactive elements. Suitable rare earth elements doped into MgAl2O4 can 

serve as excellent nanophosphors for photonic applications[2-4].Structural and optical 

properties are greatly influenced by the method of synthesis of the nano materials.Here, the 

polymerised sol-gel combustion method was employed to synthesize Sm3+ doped 

nanophosphors.The polymer used,polyvinylpyrrolidone(PVP), controlled the size and acted as 

a surface capping agent during the synthesis[5].In this paper, a series of samarium-doped 

magnesium aluminate phosphors (Mg1-xSmxAl2O4 (x = 0.02, 0.04, 0.06, 0.08 and 0.10)) and 

Li-co-doped MgAl2O4: Sm3+ nanophosphors were synthesized using polymerised sol-gel 

combustion method. The influence of Sm3+ ion concentration on the structural and optical 

properties of synthesized nanophosphors was analyzed in detail. It was noticed that Li-co-

doping enhanced the photoluminescence efficiency of the nanophosphors.The addition of co-

dopant ions increased the crystallinity and removed the charge imbalance problem in the 

synthesized nanophosphors. 

2. Materials and methods 

  Samarium-dopedmagnesium aluminate nanophosphors and Li-co-doped 

MgAl2O4: Sm3+nanophosphors were synthesized using polymerised sol-gel combustion 

method. The materials used for the synthesis were magnesium nitrate hexahydrate (Mg(NO3)2 

.6H2O,99.99%, Sigma-Aldrich), samarium (III) nitrate hexahydrate (Sm(NO3)3. 

6H2O,99.99%, Sigma-Aldrich), aluminium nitrate nonahydrate (Al(NO3)3.9H2O, 99.9%, 

Merck), citric acid (C6H8O7, 99.9%, Merck), lithium nitrate (LiNO3, 99.99%, Sigma-Aldrich)  

and polyvinylpyrrolidone ((C6H9NO)n, 40000 g/mol, 99%, Sigma-Aldrich).Stoichiometric 

amounts of magnesium nitrate, aluminium nitrate and samarium nitrate were dissolved in 

deionized water and stirred continuously for one hour in a magnetic stirrer. The metal nitrate 

to citric acid ratio was maintained as 1:2. To this nitrate solution, citric acid was added 

dropwise to form the metal-citrate solution. To this mixture, 1 wt% PVP solution was added 

and stirred continuously for three hours to form a homogeneous polymerised complex. To one 

part of the prepared solution, 2 % lithium nitrate was added and stirred continuously for two 

more hours. The resultant precursors were then kept in a hot air oven at 120 ᴼC for twelve 

hours until a yellowish dried xerogel was obtained. The dried gel was then subjected to 

controlled combustion at 350ᴼC in a muffle furnace.The resultant powder was then finely 

ground and kept in a muffle furnace at 900ᴼC for five hours to obtain Mg1-xSmxAl2O4 (x = 

0.02, 0.04, 0.06, 0.08 and 0.10) nanophosphors and Li-co-doped MgAl2O4: Sm3+ 

nanophosphors. 

   To study the crystal structure and to identify the formation of phase in the 

synthesized phosphors, X-ray diffraction (XRD) measurements were carried out on a Bruker 

(D8 ADVANCE DAVINCI) X-ray diffractometer using CuKα radiation (1.54056 Ǻ) in the 

angular range (2θ) of 10ᴼto 70ᴼ. The Fourier transform infrared spectra (FTIR) of the prepared 

samples were monitored in the wave number range 400-4000 cm-1 by a Fourier Transform 

Infrared (FTIR) Spectrometer (Perkin Elmer Spectrum Two FT-IR Spectrometer) employing 

the KBr pellet method. Diffuse reflectance spectra were carried out on a UV-visible NIR 

spectrophotometer (JASCO V-750) with BaSO4 as the reference. X-ray photoelectron 

spectroscopy (XPS) measurements were carried out to analyze the surface properties and 
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oxidation states of the elements using an X-ray photoelectron spectrometer (Thermo Scientific 

ESCALAB XI+ A1528) integrated with AlK𝜶 (1486.6 eV) source (X-ray spot size of 

900µm).Photoluminescence excitation and emission spectra of the samples were recorded 

using a HORIBA SCIENTIFIC FLUOROLOG 3 spectrofluorometer,witha 450 W Xenon 

lamp as the excitation source. 

 

3. Results and discussion 

 

3.1 X-ray diffraction study 

The X-ray diffraction patterns of Mg1-xSmxAl2O4 (x = 0.02, 0.04, 0.06, 0.08 and 0.10) 

nanophosphors and Li-co-doped MgAl2O4: Sm3+ nanophosphors are shown in Fig. 1.All the 

diffraction peaks matched well with the cubic spinel phase of MgAl2O4 and were indexed  

according to the ICDD File No. 01-070-5187 (Space group Fd-3m (227), cubic system).The 

absence of impure phases in the pattern suggests that doping and co-doping of dopants in 

MgAl2O4 did not change the phase, and indicates successful incorporation of Sm3+ ions and 

Li+ ions in the crystal lattice.The peaks depict the high crystallinity of the samples and the 

crystallite sizes were estimated by the Debye-Scherrer equation [6], 

Crystallite size (D) =
kλ

βhklcosθhkl
                                                                                                         (1) 

where  k is a dimensionless shape factor (= 0.9),  λ is the X-ray wavelength used (CuKα 

=1.54056 Å), β is the full widthat half the maximum intensity (FWHM) of the diffraction 

peaks in radian, θ is the Bragg diffraction angle and D is the crystallite size along 

(hkl)direction. The average crystallite sizes decreased slightly with the increase in the 

concentration of Sm3+ ions, and were estimated as12.60, 10.58, 9.59, 8.71, 8.29 and 10.27 nm 

for Mg1-xSmxAl2O4(x = 0.02, 0.04, 0.06, 0.08 and 0.10) and Li-co-doped MgAl2O4: 

Sm3+nanophosphors.Due to the closeness in the ionic radii of Mg2+(0.072 nm) and Li+ (0.068 

nm), Li+ easily substitutes Mg2+ in the MgAl2O4 lattice[6, 7]. 

 
Fig.1 X-ray diffraction patterns (a) MgAl2O4 standard data; Mg1-xSmxAl2O4 nanophosphors 

with different Sm3+ content (x) (b) 0.02, (c) 0.04, (d) 0.06, (e) 0.08 (f), 0.10 and (g) 

Mg0.96Sm0.04Al2O4: Li+   nanophosphors. 

3.2 Optical studies 
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Formation of pure phase Mg1-xSmxAl2O4(x = 0.02, 0.04, 0.06, 0.08 and 0.10) and Li-co-doped 

MgAl2O4: Sm3+nanophosphors have been confirmed by monitoring FTIR spectra taken in the 

range 400 to 4000 cm-1. Fig. 2 depicts the FTIR spectra of the prepared samples which shows 

similar finger print bands in all samples centered around 488 cm-1and 670cm-1, which 

corresponds to the stretching vibrations of AlO6 octahedral groups and Mg-O in MgAl2O4[8, 

9]. 

 
Fig.2: Fourier transform infrared spectra of Mg1-xSmxAl2O4 nanophosphors with different 

Sm3+ content (x) (a) 0.02, (b) 0.04, (c) 0.06, (d) 0.08, (e) 0.10 and (f) Mg0.96Sm0.04Al2O4: Li+ 

nanophosphors. 

Diffuse reflectance spectra of Mg1-xSmxAl2O4 (x = 0.02, 0.04, 0.06, 0.08 and 0.10) and 

Li-co-doped Mg0.94Sm0.06Al2O4 nanophosphors measured in the wavelength range 200 to 500 

nm are depicted in Fig. 3 and 4. All the samples exhibit similar spectral profile with a 

prominent and strong absorption at 401 nm which corresponds to 6H5/2 →4F7/2 transition of   

Sm3+ ions [10, 11]. Absorption intensity tends to increase with the increase in the concentration 

of dopant ions.  

 
Fig.3:  UV-Vis diffuse reflectance spectra of Mg1-xSmxAl2O4 nanophosphors with different 

Sm3+ concentration (x) (a) 0.02, (b) 0.04, (c) 0.06, (d) 0.08 and (e) 0.10 
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Fig.4: UV-Visible diffuse reflectance spectra of Mg0.96Sm0.04Al2O4 and Mg0.96Sm0.04Al2O4: Li+ 

nanophosphor. 

 
Fig.5 XPS survey scan of Mg0.96Sm0.04Al2O4 and Li- co-doped Mg0.96Sm0.04Al2O4 

nanophosphors. 
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X-ray photoelectron spectroscopic technique (XPS) was utilised as one of the most prominent 

methods to understand the chemical bonding characterization in compounds.Fig. 5 shows the 

XPS survey spectrum of the Mg0.96Sm0.04Al2O4 and Mg0.96Sm0.04Al2O4: Li+ nanophosphor 

which shows the presence of Mg2+, Al3+, O, Sm3+ and Li+ions in the prepared samples. The 

measured XPS spectra were charge-corrected using the core level carbon peak C1s of the 

adventitious carbon at 284.6 eV as the reference. The photoelectric peak of Mg1s was obtained 

at 1305.98 eV, indicating the presence of magnesium as oxide in the sample. The peak centered 

at 72.64 eV was assigned to Al2p, which is due to the presence of Al3+ cations bonded to 

oxygen as Al-O bonds in the oxide spinel structure. The symmetrical photoelectron peak 

obtained at 530.95 eV was associated with O1s level, which indicates the presence of only one 

kind of oxygen species in the synthesized phosphor. The Sm3d core level spectra showed a 

doublet structure with an energy separation of 26.17 eV, ascribed to Sm3d3/2 and Sm3d5/2 

which arose due to spin-orbit interaction, and was obtained at binding energies of 1109.61 and 

1083.44 eV.XPS spectra is similar for Li-co-doped Mg0.96Sm0.04Al2O4 except, the spectra 

shows the presence of Li+ ions around 56 eV [12, 13]. 

 

3.3 Photoluminescence study 

 
Fig. 6: Excitation spectra (λem= 649 nm) of Mg1-xSmxAl2O4 nanophosphors with different Sm3+ 

content (x) (a) 0.02, (b) 0.04, (c) 0.06, (d) 0.08 and (e) 0.10. 

Samarium-doped nanophosphors are efficient light emitters in the reddish orange region under 

UV excitation. The excitation spectrum recorded at 649 nm emission of Mg1-xSmxAl2O4(x = 

0.02, 0.04, 0.06, 0.08 and 0.10) nanophosphor is shown in Fig. 6. The most intense peak at 

401nm is ascribed as 6H5/2 – 4F7/2, the characteristic f-f transition of Sm3+ ions from ground 

state to excited state. The excitation spectrum exhibited several other peaks originating from 
6H5/2to several excited states located at 339, 355, 372, and 433 nm corresponding to the 

transitions 6H5/2 – 4H7/2, 6H5/2 – 3H7/2, 6H5/2 – 4D1/2 and 6H5/2 – 4G9/2 [14,15].Fig.7 shows the 
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excitation spectra of Mg0.96Sm0.04Al2O4 and Li- co-doped Mg0.96Sm0.04Al2O4 nanophosphor, 

which shows the excitation peaks at the same wavelengths except the enhancement in the 

intensity of peaks due to Li-co-doping[16].The obtained maximum intensity peak at 401 nm 

in Mg1-xSmxAl2O4 (x = 0.02, 0.04, 0.06, 0.08 and 0.10) nanophosphors suggests that they can 

be successfully excited by near UV LED’s for photonic applications. 

 

 
Fig.7: Excitation spectra (λem= 649 nm) of (a) Mg0.96Sm0.04Al2O4 and (b) Mg0.96Sm0.04Al2O4: 

Li+ nanophosphor. 

 
Fig.8: Emission spectra (λex= 501 nm) of Mg1-xSmxAl2O4 nanophosphors with different Sm3+ 

content (x) (a) 0.02, (b) 0.04, (c) 0.06, (d) 0.08 and (e) 0.10. 
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Fig.9: Emission spectra (λex= 401nm) of (a) Mg0.96Sm0.04Al2O4 and (b) Mg0.96Sm0.04Al2O4: Li+ 

nanophosphor. 

The photoluminescence emission spectra of Mg1-xSmxAl2O4 (x = 0.02, 0.04, 0.06, 0.08 and 

0.10) nanophosphors recorded at 401 nm excitation wavelength show characteristic peaks 

corresponding to the electronic transitions of the Sm3+ system. The spectra, shown in Fig. 8, 

depicts four peaks centered at 556, 600, 649 and 688 nm identified as 4G5/2 – 6H5/2, 4G5/2 – 6H7/2, 
4G5/2 – 6H9/2 and 4G5/2 – 6H11/2 transitions. The most intense transition is at 649 nm, 

corresponding to the transition 4G5/2 – 6H9/2 of Sm3+ ions, which is a purely electric dipole 

transition and is sensitive to the crystal field. The optimum concentration of Sm3+ ions is 4 

mol. % beyond which the emission intensity decreases due to concentration quenching 

phenomenon. The cross- relaxation between the neighbouring Sm3+ ions as the concentration 

increases leads to the concentration quenching effect resulting in a decrease in intensity[17-

23].The luminescence characteristics of Mg1-xSmxAl2O4 (x = 0.02, 0.04, 0.06, 0.08 and 0.10) 

nanophosphors mark their suitability for applications in near-ultraviolet excited phosphor 

converted white light emitting diodes. 

 

Fig. 9 depicts the photoluminescence emission spectra of Mg0.96Sm0.04Al2O4 and 

Mg0.96Sm0.04Al2O4: Li+ sample, which show the emission peaks at the same wavelength with 

increase in emission intensity. Li+ ions acted as sensitizers helping the energy transfer from 

the host to Sm3+ active centres, which improved the photo luminescence characteristics of the 

lithium doped nanophosphor. The charge compensation achieved by the addition of Li ions, 

led to the enhancement in the photo luminescence intensity to almost two times [16, 24]. 

 

Conclusions 

Spinel structured Mg1-xSmxAl2O4 (x = 0.02, 0.04, 0.06, 0.08 and 0.10) nanophosphors and Li- 

co-doped MgAl2O4:Sm3+ nanophosphor was synthesized by polymerised sol-gel combustion 
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method. The average crystallite size calculated using Debye-Scherrer formula was found be in 

the range 8 to 13 nm. The polymer,polyvinylpyrrolidonePVP, played a significant role in the 

synthesis by acting as a surface capping agent, controlling the growth of the prepared 

nanophosphors. FTIR spectra exhibited the different functional groups present in the samples. 

DRS spectra showed maximum absorption in the UV region at 401nm. Photoluminescence 

excitation and emission spectra showed sharp peaks corresponding to the 4f-4f transitions of 

Sm3+ ions. Excitation spectra monitored at 649 nm emission showed several peaks of varying 

intensities with 6H5/2 – 4F7/2 (401 nm) transition as the most intense. The doped samples showed 

the emission peaks at 556, 600, 649 and 688 nm corresponding to 4G5/2 – 6H5/2, 4G5/2 – 6H7/2, 
4G5/2 – 6H9/2 and 4G5/2 – 6H11/2 transitions, with 4G5/2 – 6H9/2 (649 nm) transition having 

maximum intensity. The optimum doping concentration was found to be at 4 mol. %, after 

which photoluminescence intensity decreased due to concentration quenching.Further, it was 

established that Li-co-doping enhanced the emission intensity considerably. The emission 

spectrum produced at 401 nm excitation showed intense orange- red emission, indicating that 

the prepared nanophosphors are capable of functioning as red emitters for white LEDs in solid 

state lighting applications. 
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