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The combustion method was used to synthesize CaMgAl10O17:Sm3+ phosphor. The scanning electron 

microscopy and photoluminescence properties of phosphors were thoroughly investigated. The emission spectrum 

has three distinct peaks at 563, 604 and 642 nm under 405 nm excitation, which is corresponding to the transitions 
4G5/2→6H5/2, 4G5/2→6H7/2 and 4G5/2→6H9/2 of Sm3+ ions. The optimum concentration of CaMgAl10O17:Sm3+ 

phosphor was discovered to be 1 mole %, above which concentration quenching was observed. The CIE coordinates 

for the CaMgAl10O17 phosphor with Sm3+ ion doped are 604 nm (x = 0.644, y = 0.355) falling in the red region. 

According to the current findings, CaMgAl10O17:Sm3+ phosphors might be useful in the fields of near UV-excited 

solid-state lighting.   
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Introduction 

Rare earth ions have been doped in a variety of host 

materials extensively explored in recent decades due to 

their distinctive luminescence features. Dy3+, Pr3+, Tb3+, 

Eu3+ and Sm3+ ions are significant ion activators for the 

production of visible light [1-4]. Among these elements, 

europium and samarium ions can be used as red emitters. 

Eu3+, Sm3+ - activated phosphors like, phosphates, 

aluminates and silicates for photoluminescence properties 

are being studied and used for solid state lighting, display 

[5], optical thermometer applications [6, 7], photocatalsis 

[8], fingerprint detection and anti-counterfeiting [9]. 

There have been relatively few contributions to the 

doping of CaAlO phosphor lattices with Pr3+, Er3+ and 

Eu3+ ions in the last several years, but the authors have not 

highlighted much study on the doping of Sm3+ ions in 

CaAlO phosphor via combustion method. As a dopant, 

Eu3+ ion is often excellent for red phosphor emission [10, 

11]. However, the exorbitant expense makes it tough to 

consider. Sm3+ ions are an alternative source of reddish-

orange emissions that are much cheaper than Eu3+ ions. 

When stimulated in near-ultraviolet (n-UV) or blue light, 

Sm3+ ions release reddish-orange light. In addition, 

trivalent samarium (Sm3+) will exhibit a significant 

quantum efficiency emission variable as a result of the 
4G5/2→4H7/2 emitting stage [12]. Overall, the combination 

of Sm3+ ion activators with broad band gap compounds has 

the potential to be beneficial for optical applications [13]. 

In this study, Sm3+ ion doped CaMgAl10O17 phosphor 

powders are synthesized using a combustion process and 

their photoluminescence, morphological and CIE 

properties were thoroughly investigated. The produced 

powders are subjected to a variety of characterization 

procedures in order to determine their suitability for n-UV 

solid-state lighting applications. 

I. Experimental 

The samples of CaMgAl10O17:Sm3+ phosphor were 

prepared by combustion method. Firstly, stoichiometric 

quantity of source materials Ca(NO3)2·4H2O (A.R.), 

Mg(NO3)3·4H2O and Al(NO3)3·9H2O (A.R.) and urea 

(A.R.) for respective molecular formulae of above 
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mentioned phosphors were taken. Then Sm2O3 (A.R.) [as 

per the impurity added] was dissolved in dilute HNO3 to 

convert into Sm(NO3)3. The mixture was introduced into 

muffle furnace which was maintained at 550 °C. Then 

these samples were reheated at 650 °C for 3 hrs and were 

allowed to cool to reach at room temperature. Finally by 

crushing sample into a fine powder, it is taken into 

consideration for the characterization at room 

temperature.  

II. Results and Discussion  

2.1. SEM studies 

An examination of the surface morphology, 

Ca2Mg2Al28O46 phosphor was investigated using SEM. 

Figs. 1. (a), (b) and (c), show images with different 

magnification. The SEM pictures indicate that the lengths 

are ranging from 5 to 10 micrometer. The crystals have an 

irregular shape and there is a tendency for plate 

development with considerable curvature. The 

micrographs further show this is what crystallites 

compact, share the boundary with numerous microscopic 

crystallites [14]. 

2.2. Photoluminescence study 

2.2.1. Photoluminescence properties of 

CaMgAl10O17:Sm3+ phosphor 

As shown in Fig. 2, the excitation curve of the 

produced CaMgAl10O17:Sm3+ phosphors powder were 

recorded between 340 and 420 nm wavelengths under an 

emission wavelength of 604 nm. The PL spectrum shows 

four strong peaks at 347, 364, 378, and 405 nm, this 

corresponding to 6H5/2→4H9/2, 6H5/2→4D3/2, 6H5/2→4D1/2 

and 6H5/2→4F7/2, respective transitions [15]. The picture 

shows that the PL band centered at 405 nm (6H5/2→4F7/2) 

has the highest when compared with its intensity 

equivalents, indicating that the 4F7/2 level is the most 

populated and that all manufactured powders are now 

pushed with a wavelength in the 405 nm range. 

The range of PL emission spectrum reported between 

525-675 nm by observing for fixed excitation wavelength 

of 405 nm, as shown in Fig. 3. The emission spectrum has 

three distinct peaks at 563, 604 and 642 nm. In other 

words, the corresponding transitions of sm3+ ions are 
4G5/2→6H5/2, 4G5/2→6H7/2 and 4G5/2→6H9/2 [16, 17]. The 

process speeds via non-radiative reduction to 4G5/2 after 

stimulation from ground level to excited levels (shown in 

the energy level diagram). Energy separation between 

these phases reduces the possibility of additional non-

radiative relaxation cascades. As shown in the picture with 

vertically down arrow heads, excited Sm3+ ions undergo 

radiative decreases to inferior sites 6H5/2, 6H7/2, and 6H9/2. 

 
Fig. 1. SEM images of CaMgAl10O17 phosphor at different magnification. 

 

  
Fig. 2. Spectra of excitation of CaMgAl10O17:Sm3+ 

phosphor monitored at 604 nm emission. 

Fig. 3. PL emission spectra of CaMgAl10O17:Sm3+ 

phosphor at excitation 405 nm. 

 

 [a] [b] 

[c] 



Synthesis and photoluminescence properties of CaMgAl10O17:Sm3+ phosphor for n-UV solid-state lighting 

 247 

The emission spectrum clearly shows that the transition 

caused by 4G5/2→6H5/2 is because it fulfills the assortment 

law J=1, MD (magnetic dipole) conversion. The transition 

caused by 4G5/2→6H9/2, on the other hand, obeys J = 2 

assortments rule and is an ED (electric dipole) conversion. 

Furthermore, the strongest emission peak, located at 

604 nm (4G5/2→6H7/2), portrays a primary red emission 

that follows MD and partly ED acceptable conversion 

because as it is ED promoting and appeases J = 1 [18]. 

After the strength percentage of ED to MD transitions, the 

configuration of the surrounding environment around the 

RE 4f ions may generally be investigated. Thus, in present 

investigation, the MD's transition emission amplitude 

(4G5/2→6H5/2) is found to be bigger than that of the 

transition ED (4G5/2→6H9/2), indicating that the ligand's 

atmosphere is more consistent [19]. 

Intensity variation curve for Sm3+ ion doping 

concentration at 604 nm of CaMgAl10O17:Sm3+ phosphor 

shown in Fig. 4. It is discovered that when the proportion 

of Sm3+ ion in the host lattice increases, the strength of the 

emission peak rises by up to 1 mole %. Following that, the 

intensity begins to decrease as the Sm3+ ion concentration 

increases. As a consequence, the ideal molar proportion of 

Sm3+ ions doped CaMgAl10O17 phosphor was determined 

to be 1 mole %. The concentration quenching effect is 

responsible for the reduction in emission intensity [20].  

 

 
Fig. 4. Intensity variation curves for Sm3+ ion doping 

concentration at 604 nm CaMgAl10O17:Sm3+ phosphors. 

 

2.3. Chromaticity 

The CIE 1931 (commission international de 

I'Eclairage) coordinates of microcrystalline powders were 

analyzed to assess the capabilities of the manufactured 

microcrystalline powders for application in lighting 

systems (Fig. 5.). The CIE hue coordinates are calculated 

using CIE tools to study the color scheme of produced 

powders [21]. The CIE color coordinates were calculated 

using the emission spectrum data from all doped samples 

stimulated at 405 nm, as shown in Fig. 5. All of the color 

values are discovered to be in the bright orange-red zone. 

The co-ordinates correspond to 604 nm and 643 nm, with 

values of (0.644, 0.355) and (0.720, 0.279) for 1 mole % 

Sm3+ ion doped powder, respectively. The image shows 

that when the quantity of Sm3+ ions increases, the emission 

spectra show deep red in the color [22]. When combined 

with other phosphor powders, the color attributes of the 

produced these phosphors may be employed efficiently in 

red wavelength emitting devices and as possible phosphor 

in the production of solid state lighting. 

 

 
Fig. 5. Diagram showing CIE coordinates 

CaMgAl10O17:Sm3+ phosphor.  

Conclusion 

The combustion method was used to produce 

CaMgAl10O17:Sm3+ phosphor. Study was also done on 

morphological and photoluminescence's properties. The 

CaMgAl10O17:Sm3+ phosphors excitation at 405 nm with 

emission spectrum peaks at 563, 604 and 642 nm. The 

results show that the optimum CaMgAl10O17:Sm3+ 

phosphor doping amount is 1 mole %. The closest 

neighbour interaction plays an important role in 

concentration quenching. Chromaticity generalization 

results in the coordinates value being the same as for the 

most intense emission wavelength (0.644, 0.355). 

According to the photoluminescence results, 

CaMgAl10O17:Sm3+ phosphors might be useful in the 

fields of near UV-excited solid state lighting.  
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Р.М. Єроджвар, Н.С. Кокоде, К.М. Нанданвар, Д.К. Інголе, Р.С. Мешрам 

Синтез і фотолюмінесцентні властивості люмінофора CaMgAl10O17:Sm3+ 

для ближнього УФ-твердотільного освітлення 

Кафедра фізики, університет Гондвани, Гадчіролі, Махарашта, Індія, diptiingole25@gmail.com,  

Методом спалювання синтезовано люмінофор CaMgAl10O17:Sm3+. Проведено СЕМ-дослідження та 

дослідження фотолюмінесцентних властивостей люмінофорів. Показано, що спектр випромінювання має 

три чіткі піки при 563, 604 і 642 нм під час збудження 405 нм, що відповідає переходам 4G5/2→6H5/2, 
4G5/2→6H7/2 і 4G5/2→6H9/2 іонів Sm3+. Виявлено, що оптимальна концентрація люмінофора CaMgAl10O17:Sm3+ 

становить 1 мол.%, вище якої спостерігалося концентраційне гасіння. Координати CIE для люмінофора 

CaMgAl10O17 із додаванням іонів Sm3+ становлять 604 нм (x = 0,644, y = 0,355), що відноситься до червоної 

області. Згідно з поточними висновками, люмінофори CaMgAl10O17:Sm3+ можуть бути корисними для 

реалізації ближнього УФ-випромінювання у твердотільних пристроях. 

Ключові слова: СЕМ, фотолюмінесценція, метод горіння, люмінофор, твердотільне освітлення, CIE-

координати. 
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