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Spectroscopy and Spectral Analysis
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XRD patterns of (Ca,—,Ba,),SiO; and (Ca,—,Ba, ), os
SiOy ¢ 0.05 Eu (x=0~1, carbon powder 5 Wt%,
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Fig. 2 The crystal structure of (a) Ba,SiO,, (b) y-Ca,SiO,
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unsplit atom-site models
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Table 1 Cell parameters of (Ca,—,Ba,),SiO, and (Ca,_,Ba, ), ¢sSiO; : 0. 05Eu (carbon powder 5§ Wt%, 1 170 C for 3.5 hours)
compositon Phase 211 (031> (002) a/A b/ A c/A V/A?  FWHM 0
Ba, SiOy 29.691 30. 515 30. 827 7.506 10. 209 5. 814 445. 61 0.182
(Cay.1 Bao.¢)2SiOy X 29. 625 30. 408 30.729 7.494 10. 173 5. 806 441. 95 0.163
Ba, SiO;-phase
(Cay,1Bag. 9)1.95S10, * 0. 05Eu 29. 625 30. 408 30. 729 7.483 10. 171 5. 765 439. 99 0.163
Ba, SiO, 29. 584 30. 399 30. 753 7.508 10. 214 5. 809 445.5
compositon Phase (101) (112) (002) a/A b/ A c/A V/A?  FWHMaon,
(Cay. 2 Bag. )2 SiO, 21. 469 30.111 30.913 5.773 5.773 14. 688 424.12 0. 159
(Cayg. 3 Bag.7)2Si0, T-phase 21.424 30. 041 30.913 5.752 5.752 14. 645 419. 67 0.156
(Cay. 3 Bao.7)1.95S104 ¢ 0. 05Eu 21.424 30. 042 30.913 5.751 5.752 14. 645 419. 65 0. 156
T-phase 21. 393 30. 063 30.916 5.749 5. 749 14. 66 419. 7
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Table 2 Data of (Ca;—,Ba, ) 4sSiO; : 0. 05Eu high-resolution emission spectrum (Carbon powder 5 Wt%, 1 170 C for 3.5 hours)

Under 365 nm excitaion

Under 254 nm excitaion

compositon Phase Main Centerl/nm Integral Main Centerl/nm Integral
center/nm /center2/nm  area ratio center/nm /center2/nm  area ratio

Baj. ¢5Si0, * 0. 05Eu . 511 502/537 1.22 513 502/537 1.21

. Ba, SiO,-phase
(Cag.1Bag. 9)1.95S104 * 0. 05Eu 512 507/528 1.29 515 510/528 1.28
(Cao. 2Bag. §)1.95510, * 0. 05Eu Tooh 453 452/493 1.12 455 454/495 1.08
-phase
(Cay. 5 Bao.7)1.95S104 # 0. 05Eu ! 455 448/493 1. 11 456 452/493 1.01
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Abstract (Ca,—,Ba,), ¢ SiO, ¢ 0. 05Eu (=0, 0.1, 0.3, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0) new phosphor series were prepared
by high temperature solid-state reaction at 1 170 °C under a reduction atmosphere for 3. 5 hours in this paper. The matrix crystal
structure, Eu ion valence, photoluminescence spectra and fluorescence lifetime and quantum efficiency had been investigated.
The matrix phase constituents change as y-Ca, SiO, (x=0)—T phase and y-Ca, SiO, mixture (0<x<C0.7) —T phase (0. 7<<ax<C
0. 9)—>DBa, SiO, (0. 9<Cx<C1) as Ba ion content increasing. By XRD analysis, it is known that (Ca, , Ba,),SiO, powders form
solid solution phases at the Ba-rich end, which are T-phase and Ba, SiO,-phase. Precision measurement of lattice parameters had
been also done to T-phase (0. 7<<x<C0. 9) and Ba,SiO, phase (x=0.9). For the former phase powder, the lattice parameters
would increase because coordinated numbers for M1, M2, M5 sites are increasing as Ba ion content increasing, While, change
from the latter one’s lattice parameters would be neglecting. Moreover, Eu ions enter into the crystal lattice by substituting for
alkaline earth ions, with a minor impact. The surveys of X-ray photoelectron spectroscopy (XPS) spectra are similar, which all
show characteristic electron binding energy peaks of Ba(3p;/,), Ba(3ds,,)» Ba(3ds,), O(ls), Eu(4d) and Si(2p;,). The high-
resolution spectrum of O(1s) has two peaks, corresponding to lattice oxygen and interstitial oxygen defects (caused by Eu®" sub-

stitution to alkaline earth ion?), respectively. Moreover, the high-resolution XPS spectrums of the Eu(4d;,,) shows that the
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Eu’" /Eu®" ratio would increase as the increasing of Ba ions in the T-phase powders, while the Eu?*" /Eu®" ratio of Ba,SiO,-
phase powders is not obviously changed. Ultraviolet photoluminescence photographs show that Ca, ¢; SiO, : 0. 05Eu (y-Ca, SiO,
phase phosphors) could be used as red phosphors, while (Ca,—,Ba, ) 4; SiO, : 0. 05Eu (2==0. 7, T-phase (green emission cen-
tered at 455 nm) or Ba, SiO,-phase phosphors (green emission peak centered at 510 nm) could green phosphors. T-phase phos-
phors emission is blue shift comparing with Ba, SiO, phase phosphor. Both T-phase and Ba, SiO,-phase phosphors are blue-shif-
ted with the increase of x value. The brightest phosphor is (Ca,, ; Bag o) 1.95 SiO, : 0. 05Eu (fluorescence lifetime 571. 8 ns, quan-
tum efficiency 55% , which is the shortest lifetime and highest efficiency among the green phosphors). The high-resolution pho-
toluminescence emission spectra of green phosphor (£2>0. 7) show that that Eu*" prefers more the site with 10 coordination than
the site with 9 coordination as x value decreasing in Ba, SiO,-phase crystal (the Eu*" activators with 10-coordination contribute
more in green emission) , but the site preference phenomenon is vague in the case of T-phase crystal. Overall, cation substitution
(i. e. controlling the x value) should be a valid way to adjust the phase constituent, lattice, ion valence, photoluminescence CIE

value and intensity for the phosphor.

Keywords Alkaline soil silicates; Eu; Crystal structure; X-ray photoelectron spectroscopy; Photoluminescence spectra
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