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ABSTRACT 

Gd3+ doped YP3O9 phosphor was synthesized by Citric sol-gel method. The phosphor was characterized by X-

ray diffraction (XRD), Photoluminescence (PL). The Phase purityand crystallinity of phosphor is confirmed by 

X- ray diffraction (XRD)analysis while surface morphology studied by scanning electron microscopy (SEM).The 

photoluminescence properties of the Y0.99P3O9:0.01Gd3+ sample was investigated by excitation and emission 

spectra. The PL excitation spectra of Y0.99P3O9:0.01Gd3+phosphor exhibitsbroad spectra having high intense peak 

at 275 nm. Under UV excitation (275 nm), Y0.99P3O9:0.01Gd3+ shows emission peak at 312 nm. The obtained 

results show that the prepared phosphor is suitable for Phototherapyapplication. 
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I. INTRODUCTION 

The use of ultraviolet radiation for treatment of 

variousskin diseases is well recognized for long time 

by the meanof phototherapy. It was an effective 

treatment for many skindisorders, such as Psoriasis 

[1], Vitiligo [2], Ofujisdisease[3], 

ErythropoeticProtoporphyria [4], Pityriasisrosea 

[5],Uremicpruitus [6] Lichen SclerosusetAtrophicus 

[7], Morphea [8], Scleroderma [9], Cutaneous T-cell 

lymphoma,Lupus Erythematosus [10].In that method 

we use artificial ultraviolet radiation ranging from 220 

nm to 400nm delivered by fluorescent lamps to cure 

skin diseases.  

According to thebiological and optical properties UV 

radiation was dividedinto three categories i.e. UV-C 

from 220 to 280 nm; UV-Bfrom 280 to 320 nm and 

UV-A from 320 to 400 nm. UV-Ais further divided 

into two categories UVA1 (340–400 nm)and UV-A2 

(320–340 nm). 

The inorganic compounds with general formula 

Ln(PO3)3 (Ln = La to Lu and Y) belong to the broader 

class of phosphate materials which have been 

extensively investigated because of a suitable 

absorption in the VUV region, a wide band gap 

together with a high chemical stability and the 

relative simplicity of powder synthesis [11-15]. 
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These materials are potential good phosphors, 

scintillators and detectors for ionizing radiation. Serra 

and Giesbrecht were the first to describe three rare-

earth salts of general formula TP3O9.3H2O with [T = 

La, Ce and Nd] [16]. Later on, Birke and Kempe 

described chemical preparations and thermal behavior 

for PrP309.4H20, LaP309.4H20 and ErP309.4H20 [17-

19].Jouiniet. al., studied the scintillator properties of 

Pr(PO3)3 phosphor [20]. The first investigation of Nd3+ 

luminescence in La(PO3)3 was reported by Jouini and 

co-authors in the framework of laser materials 

research [21]. The luminescence properties of Eu3+ and 

Tb3+ in La(PO3)3 and Y(PO3)3 as potential phosphors 

under VUV excitation have been discussed [22, 23]. 

Much attention has been paid to the energy migration 

and transfer processes in Ln-based phosphate 

compounds [24-26]. 

Practically, the rare-earth polyphosphates Ln(PO3)3 

can adopt two different crystal structures, depending 

on the ionic radius of the RE ions. The polyphosphates 

with large RE3+ ions (La-Eu) have an orthorhombic 

structure with C2221 space group, while those with 

small RE3+ ions (Gd-Lu, Y) have a monoclinic 

structure with P21/c space group [27, 28].X. Zhang et 

al., reported Eu3+ doped Y(PO3)3 phosphor successfully 

prepared by a conventional solid-state reaction and it 

shows intense orange-red emission under near-UV 

excitation. The result also reflects that the phase 

transformation from monoclinic to orthorhombic 

when Y3+ is totally replaced by Eu3+ [29]. 

In the present work, phosphor YP3O9 doped with Gd3+ 

was synthesized via a Citric sol-gel method. The 

synthesized material was characterized using the 

powder X-Ray Diffraction. The optical properties of 

Gd3+ in YP3O9 was studiedin detail using a 

fluorescence spectrometer. 

 

 

 

 

 

II. EXPERIMENTAL 

 

The powder sample YP3O9:Gd3+ was synthesized for 

the first time by the Citric acid sol-gel method.The 

Stoichiometric amounts of high purity precursors 

Yttrium Oxide (Y2O3)(99.99%AR), Ammonia 

dihydrogen orthophosphate (NH4H2PO4), Citric acid, 

Gadolium Oxide (99.90%, AR), Ethylene glycol and 

Acetic acid weretaken for the preparation of 

phosphor. 

The starting chemicals Y2O3 (99.99%,AR) and Gd2O3 

(99.99%,AR) was taken in a china clay basin. A small 

quantity of double distilled water was added and paste 

was formed. 10 ml ofHNO3 was added drop by drop 

and mixture was heated slowly under observation to 

80°C till the paste dissolved completely. The solution 

was further heated till the excess of acid was boiled 

off. Afterword small amount of double distilled water 

was again added and slowly evaporated to dryness. 

After that solution of citric acid as well as NH4H2PO4 

were added drop by drop. Mix it well and place it on 

hot plate at 70ºC with continuous stirring for 15 min 

till the precursors dissolved completely leading to a 

colorless solution. During stirring add 0.5ml of 

ethylene glycol & 2-3 drops of acetic acid. 

On further heating to 100°C, bubbles were evolved 

from the bottom of the china clay basin; solution 

turned pale yellow at 170°C, turned red & start 

boiling.The solution was then allowed to cool. Pale 

yellow gel was formed on cooling. The dry gel was 

then slowly heated which burnt slowly into dull red 

flame with the evolution of thin sized and light 

weighted carbon flakes at 230°C. The residue was 

pyrolysis at ~ 400°C into black charcoal / resin which 

burnt at ~ 700°C and lastly the powder was sintered at 

950℃ for 1 hr to obtained final crystalline powder of 

YP3O9: Gd3+. The Flow chart of synthesis method is 

shown in Fig.1. 

 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com) 

Volume 8  -  Issue 1  - Published :     February 10, 2021 – Page No : 65-69 

 

 

67 

 

Fig.1. Flow chart citric sol-gel method 

 

III. RESULT AND DISCUSSION  

1.1. XRD Analysis 

The phase purity and crystal structureof 

YP3O9phosphor was confirmed byX-ray diffraction 

patterns of (as shown in Fig.2.). The X-raypattern of 

sample indicated a pure phase of the standardYP3O9 

and all the peaks were in good agreement withthe 

(ICDD File 00-042-0501).There were no additional 

peaks found in X-raypattern.  

Also, the XRD shows thatthe formed material was 

completely crystalline and was insingle phase with 

Monoclinic structure having lattice parameter with 

values a= 14.1520, b= 20.1490, c= 10.0610 also α = 

90.00, β= 127.900, γ=90.00 with volume = 2263.788 & 

Z = 1. 

 
Fig.2. X-ray diffraction of YP3O9 phosphor 

 

1.2. Surface Morphology 

It is well known that the morphology is one of the 

aspects that required for the more efficient 

luminescence of phosphor materials. Fig.3. 

represented the SEM image of the host 

Y0.99P3O9:0.01Gd3+. The phosphor was synthesized by 

citric sol-gel method by following step by step 

sintering temperature. The phosphor morphology 

shows irregular grain with an average size of about 

2μm. 

800 C__ ___    
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Fig.3. SEM image of Y0.99P3O9:0.01Gd3+ phosphor 

 

1.3. Photoluminescence Analysis 

Fig.4. shows the combined emission & excitation 

spectra of Y0.99P3O9:0.01Gd3+ phosphor synthesized by 

Citric sol gel method. The phosphor shows excitation 

spectra at 275nm having corresponding transition 
8S7/2→6GJ. Under the excitation of 275nm the 

phosphor exhibits emission at 312 nm having 

corresponding transitions 6P7/2→8S7/2. The emission 

spectra consist of a weak line at 306 nm followed by a 

strong one at312 nm, which correspond to the 
6P5/2→8S. 

 
Fig.4. Combined Excitation and Emission spectra of 

Y0.99P3O9:0.01Gd3+ 

 

 

IV. CONCLUSION 

 

The Y0.99P3O9:0.01Gd3+ powder phosphor was 

successfullysynthesized via the Citric Sol-gel method 

and theirphase purity was confirmed by X-ray 

diffraction analyses.The SEM images show 

agglomeration particle because ofhigh sintering 

temperature. The photoluminescence spectraillustrate 

that under the excitation of 275 nm phosphor emits 

sharp and intense emission in Narrowband UVB 

region (i.e. 312 nm). The obtained result shows that 

the prepared phosphor i.e. Y0.99P3O9:0.01Gd3+ could be 

potential candidate for Phototherapy Application. 
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