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Fig. 1. (a) Rietveld refinement of C; (b) XRD patterns of the Sr; gg(Al; Mg,)(Al; ,Siy, )07 2%Eu*" (0 < z < 1), the right inset is
the magnified XRD patterns for 20 region form 15° to 23°% (c) give the cell parameters (a/b, ¢) and volume (V), respectively, as a

function of z concentration.

ik, Zik [MgO,] Fl [Si0,] Bt [AlO,] 251 & N
T3
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Fig. 2. Normalized excitation spectra of Srygg(Al; ,Mg,)
(Al Sij,,)O7: 2%Eu*"(0 < z < 1) phosphors.
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A2 i T B AR /N 2 = 0.25, 0.5, 0.75 1 1 I Af
i B & ST TE 470 nm A2 A, KR STIE R B L%
754k, EEvE 89 nm BN ZE 50 nm.

. 100 nm

Normalized intensity/arb. units

400 450 ' 5I00 5I50 660 650
Wavelength/nm

El 3 (a), (b) ZEWE K 365 nm & FHES A, C, E

i GBS PR Sy (AL Mg,) (Al Sip,) O 2%Eu*H(0 <

r < 1) FOH IE— A R SHEE

Fig. 3. (a) Optical microscope image of A, C, E excited at a

wavelength of 365 nm and (b) normalized emission spectra

of Sty gg(Aly Mg,)(Al ,Si;, )07 2%Eu** (0 < z < 1) phos-

phors under 365 nm UV light excitation.

3.3 fBALR

&l 4 & CIE1931 3K AF T4 Sry gs(Al Mg,)
(Al ,Si;, )07 2%Ew*H (0 < = < 1) %tk #F
365 nm WK WA T EGOLIEMALTR. 2 = 0,
0.25, 0.5, 0.75, 1 /4 AL b5 43 5 2k (0.24, 0.39),
(0.20, 0.30), (0.17, 0.23), (0.14.0.19), (0.13, 0.16).
P 4 37 R AR 2 AMT 365 nm BR 5T T (524 1
o, ATULA B NGk G A8 ik €8, Sty ge(AL,
Mg,)(Al,_,Si; )07 2%Ew* (0 < z < 1) %tk
FR 2 SR L AR BR AN 365 nm PR A N R TR
EXT LA RANER 1 PR,

4 Sry(AlL Mg,)(Al ,Si1, )07 2%Ew?H(0 < 2 <
1) 7 365 nm WA T Y AR (R 18 9 LW IR A

Fig. 4. Color coordinates of Srygg(Al; Mg,)(Al, ,Sij,)O7:
2%Eu?*(0 < z < 1) under A, = 365 nm in the CIE chro-
maticity diagram (the insets show the corresponding digital

photos).

#1 Sty gs(Aly ,Mg,) (Al Si;,)O7: 2%Eu*H(0<
z < 1) ZOCM RS IR TE, AT E R =
Pk
Table 1.

and internal quantum efficiency of Sry g3(Al, ,Mg,)
(Al ,Si; )07 2%Eu**(0 < z < 1) phosphors.

The PL bands, color coordinate value,

b ERLY 7N
il FWHM/n 1QY
Ao/ DI z y
m
A 503 120 0.2384 0.3919  4.3%
B 472 89 0.1972 0.2951  6.1%
C 470 61 0.1675 0.2312  7.3%
D 468 54 0.1463 0.1873  9.0%
E 468 50 0.1342 0.1673 23%

4 # #®

Kl 53 /R £ Srygs(Al Mg,)(AlySi;,)Or
2%EW*T(0 < o < 1) RHE AR P, Mgt Hl Sit+HL
A AP & b JR B ER B A A8 Al . DL SR
Ew* e, 51 %Bﬂﬂ@ﬁ?%jﬂéﬁ—ﬁﬂfﬁﬂz,
YT AR Y i 5~ 3 e Ar k. 2R — Bz ko2 8 A
O 57 H#ES Eu %, K [EuOy] Z k. 5
TR Mg, AL Sitt, JF 5 ABIE K O &
FIE B Z A [MgO,]. [AlO,]. [Si0], Z A
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x=0

E 5
[(Mg/AL)O,) M Rk Xt % rh ot 22 1A i) 1 ik

FE 2B Sty gg(ALMg,) (Al iy, )0z 2%EW (0 < z < 1), BEF o0, £ 1 f& [(Si/A)O,] i W 4 F1 £ i 4

Fig. 5. Increasing of z leads to polyhedral [(Si/Al)O,] shrinkage and polyhedral [(Mg/Al)O,] expansion distortion the luminescent
center polyhedron of Sry gs(Al; Mg,)(Al; ,Siy,,)Or: 2%Eu?*(0 < z < 1) phosphors.

it e AN U A B . B DY T AR
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AE S =5 17 10 3. SEEUR G 13X Fh g & IR 7% AT
REVA A T H A I ik 5 D2 Y 5d BIE (1) dib 1437 53 %4
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Hioh 8 AN SRR T I LA P85, kT dh it B 24 1
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4

1 T
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Bk Z K, Z RIHE TG0, e RFERT
HLfT, v d 9% R 42, [Si0,). [MgO,) # it
[A10,] Z iAW B2 B3 K, 55 [EuOy) Z itk
Eu? B AR T | e, r, ZHRREAEER), DeIE LT
1/R>. ¥ [EuOg] ZHH A, 2 = 0(R = 2.669 A)
WY Eu—O #EK/NT 2= 1(R = 2.674 A) I,
5d AEZEF 24/, JEREM 503 nm WS & 467 nm,
e 6.

D, =

iy

ARSCR BT E AR, P SpALSiO; A if i |
SroMgSi,0, Jg 4 . Eut N i 7 4 ik 6 3]
EEERTIET Sry(Aly Meg,) (Al ,Si;,,)0(0 < z <
1): 2% B0k Mg, Sitt, APBHEN &L
B%E —EAEER, TR [MgO,]. [SiO,] Fi [A1O,] DY
&, 4 [MgO,] #l [SiO,] H:[FHAR [A1O,) B, S
A S E o 1 VK, ek A Ra S, (il S IR L 1
BA T AR, I B BRI BE E, A
G SR B 5 A — DT R, Bl 2
T A 1y 5 A% AP 0 13 €2 T A 19 9 Sk A AR K
T .

&

5

\ CB | \ CB |
wn 0
=

5d ) 5d Ira
AERE: AENE
I~ o~
EAE SR [¢
4f 4f
\ VB | \ VB \
B 6 Eu?iy 5d BEZ b~ EEl, VB, CB il CFS 4 314

AT, Tl AR R B
Fig. 6. Schematics of the changes in 5d energy levels of the
activator. CFS, CB, and VB are crystal field splitting, the

conduction band, and the valence band, respectively.
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Effect of polyhedral co-substitution on the crystal
structure and luminescence color of
Sr2(A11—ngx) (All—xSi1+x)O7: Eu*+"
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Abstract

A series of Sry gg(Al; Mg,) (Al ,Sij )0z 2%Eu?t phosphors is prepared by the high-temperature solid-state
reaction method, the crystal structures and luminescent properties of the prepared phosphors are investigated
by measuring the X-ray diffraction, luminescent spectra and optical microscope. The isomorphic compounds of
SryAlSiO; and SryMgSi,O; contain tetrahedra including [MgO,], [SiO,] and [AlO,]. Although the valences of the
[MgO,]%, [SiO4* and [AlO4]* groups are different, the charge imbalance occurs when the [MgO,]% and [SiO4]*
substitutes of [AlO,°> and [AlO4]° , respectively. While the groups are co-substituted, the charge imbalance
disappears. And the larger volume of [MgQO,] and the smaller volume of [SiO,] together replaces the similar
volume of [AlO,], resulting in the decrease of [(Si/Al)O,] and increase of [(Mg/Al)O,]. Moreover, the decrease of
unit cell parameters ¢ and the increase of a and V due to the increased replacement of Mg (0.57 A for ON =
4) by AIF*(0.39 A for CN = 4) and Si** (0.26 A for ON = 4) by AI** (0.39 A for CN = 4) cause the ambient
temperature to change, the crystal field splitting of the Eu®* cation to be weakened, and the emission spectra to
be blue-shifted from 503 nm to 467 nm, which are closely related to the local coordination environment of the
Eu?*, in addition, this reveals that the emission color of this series of phosphors can be tuned from green with
color coordinate (0.2384, 0.3919) to blue (0.1342, 0.1673) by adjusting the chemical compositions via the
[MgO,4]% and [SiO4* groups’ co-substitution for [AlO,]>". The full width at half maximumof emission band is
120 nm when z = 0, the photoluminescence emission width decreases monotonically from 89 to 50 nm as z is
increased from 0.25 to 1. In other words, the full width at half maximum of emission band exhibits a decreasing
trend. The internal quantum efficiency is enhanced with increasing x in Sr; g5(Al; ,Mg,) (Al Si,,)O7: 2%Eu?*
phosphors. These results verify that the groups’ substitutions are enhanced with polyhedron changing in the

solid solutions and contribute largely to the luminescence properties of the phosphor.

Keywords: Sry(Al; ,Mg,)(Al; ,Si,,)O7, photoluminescence, co-substitution, coordinating polyhedron
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