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® Theory (simulation)
Vo = O kAFLH(N20MTP} +,,

® Minimization of the residual Q:

O= Z’w,(,\" -v.)

v, ‘observed intensity at data point i k: index of overlapping neighboring
Bragg reflections

A: scaling factor per phase

F: structure factor

@: profile function

v, ‘calculated intensity at data point i
w; statistical weight

L: Lorenz polarization factor
M: multiplicity

Bragg pusilipn T

T: overall temperature factor
P: preferred orientation
Vi background

Position™i ": T,

Fig. 1. Principle of Rietveld refinement using least-square mini-
mization.
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Fig. 2. Nuclear scattering Ienqths for thermal neutrons depending
on the atomic weight.

2.1.2. Maximum entropy method (MEM) £A{H
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2.2.1. Pair distribution function (PDF) £A
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AXE WAT I
B QA AYE $AF 5

AlAFsF coordination number 5

< Uepdit) uebr] PDF 2325
Ao, 1y, o, 9] WA
ok 13k 4= QlTk (Fig. 3).

Fig. 3. Simulation result of pair distribution functlon (@) structure
of graphene Each n, 2, I3 represents 1% nearest -neigh-
bor (NN), 2" NN, 3° NN distance. (b) PDF Result: i,
r, and r; mean inter-atomic distances in structure of
graphene.

2.2.2. Extended X-ray absorption fine structure (EXAFS)
2A"

XAS(X-ray Absorption Spectroscopy)+<= oJ® 2 U
SrEE FAUAERY SFAITE
ks WHOE Xray S5A177F 48] 718k ol
HAE $4 0 Z pre-edge, XANES, EXAFS Jjo &

B2 92 &

vhdth A7 A8 STk olUA] S131E edge,
TJHG 52 U A § 92 pre-edgeet k™, ©] pre-

edgeF-E 9] wWheko 2 <oF 40 eV7IX]E XANES, 1
1] §eIg EXAFS 22

EXAFSE S5 79} 208 2704 915 5 937}
F9] LA}l oJsf THF AFgh(back scattering) F] = Zlol]
7118t} EXAFS 215+ Fig. 42] EXAFS J<ol Uet
Wl vl o] X-ray 2] S edge ©]A}2] ol A] o o
A R =710 whel 712 0 2 =749 oscillation
o) Sk AS S o o, EXAFS 4159 45
Aol 140 2 core oA o]7]5]0] 2} Ho 2 v}
7R A, o)7150) UrbA F919) AxE R
WfEo] HEol o BaiAl Alele] TR 2 A
ATk EXAFSE 24708] 4802 748 Bt 93
290) A% YA VATEE SYsko] FRTE

(local structure)ol] thsk AHE Aoj Al 4= 9o, &L=

70 || MIztni£E
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Fig. 4. EXAFS region of X-ray absorption spectrum.”)

2.2.3. x| 24 224 (nuclear magnetic resonance,
NMR)1213)
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w2243 e] 2qel) oJa) U7k A2 F$](Zeeman
level) 2 22517, o] £9] Alololq Lok BRS @
stct A zl7] 3 E34% (nuclear magnetic resonance,
NMR)E 9]%o)A Tl A7)ge] Jakor 3y
of 9l AAESe) 29 A 97k HelE T, A
A7V ZHe AE Foee) E QA7) Fue
7t Q)8 ) AREe] o] FHFe] L oA
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2 epp= 9% 27145 471
HUE Alo]e] 7]EA Q] )\L_Q_z]-ﬁ__i 0_];]‘:511_4 ol

Zeeman interactlon—4

e} A e, FAEE ek Al RS AT
R F7 GRSl F71H0] NMR 222A18E 7}
Sk gk
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A33he 54 el 947] e skt o)
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3.1. CssCoCls 72| S|

HT M2 A9 AbstEA &4 3 3 3A
LaSrAIOs (LSA)Z 7ha+sted ¥ varadek'™ La™(1.160
A)2FBu”(1.066 A)¢] o] F717} vl$- GAKS] W&
ol LaSr,AlOs¢] AX 2= EuSnAlOs ¢} 38k -2
£ 7HAth 24 2 2 EuSr,AlOs+= CssCoCls - family
(tetragonal, space group I4/mcm)el| <:3kc} HE3h WY
&7 BasM 05 B9 3}8-% (tetragonal, space group
P4/ncc) 2} #H o] 9,15}.16) LSA:Ce” &4+ tetragonal
unit (space group, 140)S 71X 1o, A ol A
activatorel Ce™ ionSo] 7}3t crystal field splitting®l] 2]
3|41 450 nm ol A gt F S Holw, Et
W mkado]l 556 nme] g 545 HolA 7)E
YAG:Ce™ @7 B} $53 QA 548 Bl
(Fig. 5).

M2 LSACe” HaA] BAL ofslar] SJsiie

2.0
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ool 1 v L
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A (nm)

Fig. 5. Diffuse reflectance absorption, luminescence excitation, and
luminescence emission spectra of LaogrsCenoesSr2AlO0s. The
intensity scale is linear and has been normmalized. The
absorption spectrum was obtained by Kubelka-Munk trans-
formation of the optical reflectance.

270) 724 52€ sjolale Zo] Foluct Falth
w}2}bA neutron3} synchrotron diffraction-g ©]-8-3fe] Ak
skaA] F3AY] 72 B 2 s R, i A
Zo} wspste) BAE AN o)2 @ A B
2| A1 211 © 2 maximum entropy method MEM)E- ©|
£-3to] &334 cation?] ordering/disordering 545 1}
oFgk 4= glom, 3l 3 Yo A atomE2] electron den-
sity distribution (EDD)= YAHAIAHS 51K AL
AAFsE 4= 9t MEM HHH -2 diffraction technique-2
o] &3 A] LZ1A}E L3t & inverse Fourier 11318 =
3l charge densityE 514 Ht} ©] Wl noise 2} signal 2
distortion 53} 7+ QAE A AT =N AN P23
charge distribution th3+ R E A 4= Stk

Fig. 62 synchrotron datag o] &34 L& LSA:Ce”"
33330 9] (a-b) electron 2] equicontour surface image©] 3.
(c)+= electron density contour maps ZAstolet” MEMLS
94 Rietveld refinement W'y a4 FZAAE AL
%), MEM calculationg £3|4] Bt} A3t EDD A
HE A2 5 JSUTh Fig. 6014 8h Al ES F-fah=
La/Sr9] electron density 7} u§-%- non-spherical 3+ X5
7HAI AL Atk o] 7k A= La/Sro] Fo{ A= 8h Aol

o.

Y
T

G(n (A%
N e ey LS | N e

r(A)

Fig. 6. (a-c) MEM isosurface of th3§ electron density depicted with-
in the unit cell of LSA:Ce™ (a) depicts a projection down
the a axis of the unit cell, and (b) depicts a projection
down the c axis, showing the plane containing the 8h
site with (La/Sr1/Ce) with O1 at the center and comers.
The non-spherical nature of the electron density around
the 8h site is evident. (c) displays the (001) plane of the
structure showing a map of the MEM electron density.
The scale bar for coloring of the map is depicted along-
side, as a percentage of the strongest peaks in the MEM
electron density. PDF refinement results to synchrotron dif-
fraction data using (d) the average structure model
(i 4/mem), and (b) the Iaygred local structure model (P4/mbm),
and in the next figure.
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Fig. 7. Excitation and emission spectra of (i) SBAF: Ce™ (x (x=10)
at room temperature compared with a (i) com-mercial
YAG:Ce™ phosphor. 9
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Fig. 8. Views of the structures of end-member compounds in the
solid solution series viewed down the [010] direction of
the unit cell: (@) SrAIOF and (b) SrSiOs. Light gray
spheres are Sr2 and dark grey spheres in (a) show a
mixed Sr2 site. Blue spheres in (a) are Al, and red
spheres in (b) are Si. Small orange spheres are O. Coor-
dination polyhedra (tetrahedra) around Al and Si in the
two structures are displayed.
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Fig. 9. Mean Sr-O/F atomic distances obtained from Rietveld
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Fig. 10. Rietveld refinement of the powder X-ray diffraction pro-
fle of Cais7EuosM@[SiOdJs. Data (points) and fit (lines),
the difference profile, and expected reflection positions
are displayed. Unit cell representation of the crystal struc-
ture of CauMg.[SiOss (CMS). Black, red, blue, and
orange spheres represent Ca, Mg, Si, and O atoms,
respectively. The polyhedral geometry of MgOs and Si%
are depicted by blue and red polyhedral, respectively.
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Fig. 11. (a) XRD pattems of Cava/EUosMgSIOk (C23+I\/IS:Eu2+) and
Carz7EuoaMgi7Mnog[SiOuls (CMS:Eu™, Mn™). The panel
on the bottom displays the expected reflection positions
for the CMS. (b) Rietveld refinement of the powder X-
ray diffraction profile of CaiazEuosMgiz7Mnos[SiOdls. Data
(points) and fit (lines), the difference Zp)rofile, and expect
ed reflection positions are displayed.

< 918 5 A (Table 1)

Z - 7159 oxideA] &FA| 7N ek3} BE, oxynitride
o} nitride A] &FA] 7iol thek Aol JF=HIL ATk
Nitrogen (N3')% oxygen (02')01] BlsfA] =2 formal
chargeE 7FA 3L 31014 nitride Stet= A3 Al 733t cova-
lent bonding £43-& HolA Hch webr] F3FA < d-
Table 1. Inter - atorric Distances of Both Mg - O Polyhedrons and Bond

Valence Sums (BVS) Found in Caisz Euos Mgz Mnos [SiO4ls
at Room Temperaturezﬂ

Polyhedron Distance (A) Polyhedron Distance (A)
Mgl-01 2.35(5) Mg2-02 2.16(5) (2ea)
Mgl-06 2.09(4) (2ea) Mg2-05 2.00(5) (2ea)
Mgl-015 2.029(23) (2ea) Mg2-011 2.096(23) (2ea)

Mean distance 2.156 Mean distance 2.085
BVS BVS

Mgl only 1.828 Mg2 only 2.110

Mgl 7Mng s 1.910 Mg2, 7Mng 3 2.205

Mgl g5Mno.15 1.869 Mg2; g5Mng 15 2.157
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Fig. 12. Rietveld reﬁnzement pattems of Cais7EUosMgeSisOzs.5 Na-
s (CMSN:Eu™) using (a) neutron and (b) X-ray powder
diffraction data. Black circle marks represent the observed
intensities, and the solid line defines calculated intgnsi-
ties. A difference (obs.-cal.) plot is shown beneath. )
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Fig. 13. Si solid-state MAS, NMR spectra of (a) CMS:Eu™

and (b) CMSN:Eu™.
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