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Abstract. A single red emission peak of calcium titanatgetb with praseodymium ions is
observed around 613 nm. Photoluminescence (PL)neenaent of CaTiQPr* was obtained
by the addition of I as a co-dopant. The orthorhombic structure of ghesphor was
confirmed by X-ray diffraction spectroscopy, ane AL properties were investigated using a
PL spectrometer. The maximum concentration of ks that is necessary to obtain the
optimal PL intensity was 0.2 mol% and 0.1 mol%|foY ions.

1. Introduction

The red emitting orthorhombic perovskite (figure talcium titanate (CaTig) doped with trivalent
praseodymium (BY) ions, is known to have a single narrow red emisgieak at 613 nm coming from
the 'D, — °H, transition of P¥1,2]. It is promoted by the complete quenchinghef*P, level (figure
1b) through the intervalence charge transfer $ts#@T) induced by orbital overlapping of Prand
Ti** ions inside the CaTigmatrix [1,2].
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Figure 1: Orthorhombic CaTi@crystal structuréa) and the IVCT model (b)7]



This phosphor material has been around for some, ttmd the challenging goal for researchers is to
enhance its emission intensity. This problem haanb®ckled in various ways, such as preparing
CaTiOs:Pr** via different synthetic routes, and through chacgenpensation using different metal
cations [3,4,7]. In the present work, we preséiet ¢énhancement of CaTy®r* through charge
compensation, using ihcations.

2. Experimental

CaTi05:0.2 Pr*,0.1Ir** was obtained by varying different®®concentrations in CaTiJanging from
0.1, 0.2 to 0.5 mol%, to finally obtain an optinwaincentration of 0.2 mol% Br In* concentration
was also varied from 0.05, 0.1, 0.2 and 0.3 mol%bti@in an optimal concentration of 0.1 mol%'In
These phosphors were prepared by solid state oeaati 1200°C by directly firing a mixture of
CaCQand TiGQ (Anatase phase) for 4h to fabricate Cagli@ctivation is achieved by adding PsCl
andcharge compensation is achieved by adding InfNO

The phase was identified using a Bruker, AXS D8 #&ube X-ray diffractometer (XRD). The
luminescence properties were investigated using@al Carry-Eclipse fluorescent spectrometer for
Photoluminescence (PL) measurements.

3. Results and Discussion

3.1. Sructure

The phase formation of the synthesized Ca'R&" phosphors co-doped with differentirions are
shown in the XRD patterns (figure 2), which maticé tvell known orthorhombic perovskite structure
of CaTiC; phase described by the JCPDS card no. 22-0153wdiog to these patterns, full phases
were formed for each material and the incorpor#i&dions into the matrixes had negligible effect.
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Figure 2: XRD pattern of CaTi@Pr* with different I concentrations as indicated.

3.2. Pr **emission enhancement
Substitution of the trivalent Prions in the site of the divalent €aions brings about charge
imbalance, by generating more positive chargeeérsistem. This forces the matrix to compensate for



such by generating positive O vacancies, and negdii and Ca vacancies that act as luminescence
quenching centers. At higher®Proncentrations there are more negative vacaneies) tiormed and

the distance between neighboring*Hons becomes smaller. This leads to more quenatemgers
than at lower concentration, and the shortenedantist between neighboring *Princreases the
chances of the two Brions to trap an electron between them. The trappeder between Ptions

will then non-radiatively de-excite to ground sthrause of phonon interaction. Figure 3 a&b, show
spectra of CaTi@doped with different Bf concentrations, and were measured using a medium
photon multiplier (PMT) voltage. The optimal contation is obtained as 0.2 mol%, and for
concentrations higher than 0.2 mol% the lumineseatecreases. This is attributed to concentration

guenching [3,4].
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Figure 3: (a) PL spectra of CaTidoped with different Bf concentration and (b) PL maximum
intensity as a function of Prconcentration.

The 613 nm single red emission of'Pions doped in CaTiQ(figure 3a & 4a) is related to the
intervalence charge transfer state (IVCT) that jgles an efficient quenching channel for the non —
radiative depopulation of th#®, level by a cross over to tH®, level at room temperature and this
results into the observed single red emission fiedD, — *H, transition [5].

3.3. Charge compensation

CaTiO; self compensates the charge imbalance by gengnatigatively charged calcium vacancies,
by reducing Ti" to Ti** and also by generating positively charged oxygeramcies. The Yititanium
state induces the & d transition that acts by re-absorbing the popatabdf electrons from the
excited states of Pt which later de-excite non-radiatively to the vale band and thereby acting as a
luminescence quenching center. Addition of chamympensators to CaT¥Pr** acts by promoting
energy transfer to the excited states of Biom the host material. Hence addition ofleations
enhances the PL intensity (figure 4 a&b) of Cali®" [1,4,5,6,8,9]. The spectra of’nco-doped
CaTiOy:Pr* (figure 4a) were measured using a low photon miigti (PMT) voltage.
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Figure 4: (a) PL spectra of CaTi®.2Pf* doped with different ¥ concentration and (b) PL
intensity as a function of fficoncentration.

4. Conclusion

CaTiO;:Pr, In*" with a single red narrow emission peak at 613 ram synthesized using solid state
reaction at 1208C for 4h. Addition of IA" in CaTiQ;:0.2PF* showed significant enhancement in the
emission of the phosphor. The optimal doping meleentage of i was found to be 0.1 mol%.
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