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Abstract

Luminescent crystal compounds have been widely applied in various fields, including but not lim-
ited to lighting and display, optical information security, and biomedical purposes. In this work, a
series of luminescent crystal compounds that used the SrSeQs as the host matrix for trivalent Bi3+,
Eu3+, and Ce3+ ions doping were successfully synthesized using the high-temperature solid-state re-
action method. The X-ray diffraction results indicated that the as-obtained samples belong to an
orthorhombic-phased SrSeOs crystal with a space group of Pnma (62), and the Bi3+, Eu3+, and Ce3*
dopants show a preferential substitution for Sr2+ sites in the [SrOs] polyhedra. Room temperature
photoluminescent spectra revealed that the Bi3+, Ce3+, and Eu3* doped SrSe0Os samples can be effec-
tively excited with ultraviolet light, showing the emission spectra that can be attributed respec-
tively to the characteristic transitions of 3P1 — 1Sy for Bi3+, 5d — 4F for Ce3+, and 5Do — 7F; for Eu3+.
Besides, based on the measured fluorescent decay curves and their fitting results, an energy trans-
fer from the SrSeOs host matrix to the Bi3+, Eu3+, and Ce3* dopants was revealed. Accordingly, a fea-
sible mechanism that can be used to explain the possible luminescent origin was established.
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1. 51§

TEWUAR I EHA BEAH G BB P it CAEFRAT H 8 A ig S5 A P2 B AL v AL, H R FH AU 60 55 (AN R T7)
H 5 TR RBE . BRI AR SR, JtHEE . BB FARLE) BREyhSEa
SO G R, LLANBAR AR AEIRET S BoR U, Fe T O RE BT [ 25 BB HOR (0 pe-LED)
HTEAMEAAEGK. KORG8, KR, ANEESETRUWER)SEMRA-[5], —EZEI0
RNRARTZ KA SO, BT EWMEERAT . BRUT . SO SME R EOR, £ TR HE LED
JI Ry s P ] A FE B 2 R A 5 Oy 21 0 e A (B IR B R [6]-[8]

BEXF pe-LED, RIFER A kLS SCBLH = BT EDGIR I OCHE . Tk, BEARA RIF AR 1 anEE T8
FRER[9]-[13] #RRRER[14]-[17]. BXWREh[18] [19] M EAMA[5] [20]-[22] 34 5 A &k - B 7 A JE < Jm Bs 1
BRI RE, RO GB BT i LA AT WO ZEAR X8, e S A REEA L B R0
YERE, FEBLL 7RGV ). Biltn, 2024 4 Wu SE[715R F m i AR S 4 T N R TR S 91.14% H A
H AR KB MP13755C025G5024:  0.0IMN*JRL G Ve dbAmd bl SR, 4o R MRt /)
T REE R HT 2N (B, )& EA PRI BE i > 1500°C, [ I 5 22 8 H 2% 1F) L 28 7R B S A%
AR R (i, 2o RMEERTIR . HA KT 3 FiBH & I S P5E), X B RRS 6 & T
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PR R HL TR IS H TERXFEDLT, JFREA M7 &R & 50 MR w e HER &9
BH B /b (3 2L 5% e AR R AR U N 2

B TR RS . B, Ak, BREREE. BERREL. HEREL. BB U AHE &M EmED
B ZRER AT REMEMA R, BF T TR 2R A W 8 T B 2 R e Bl > . AR MR R #h
R EMLFE: © 1985 4F Markku 55 [23] FT4iIE 7 (Y O).Se0s HH ) Eud* k)t @ 2021 4F Pinatti 55[24]
fRIE 1) Ag2SeOs, H.AE 355 nm MUK N AR5 VA& T [AgOs] 115 4 4 S BRIE HLUEALAL T 689 nm FIERAL
SR A, A ST 8 2% 550~950 nm Ytk E: @ 2023 4FE Kuhlmann Z5[25] k& (1 7] 15 )& T Eu®* 5Dy —
F; (j = 0 - A)YRFERKAT H 2= R 51847 T 613 nm f1(Ca, Sr, Ba) SeO4:Eu K I64KEik; @ 2024 4 Aralbayeva
SE[26) I AE Si0o/Si JEMR_E A 7 —Fh R S AT B 5 400~600 nm Y6 B H BAG ARAE R OEEFER ZnSeOs
IR Eh KOG EL, FFA G R : RS A Tk — P4 4 i A% 550 nm. 488 nm. 440 nm F1 410 nm
VAN A dptide . ARBANE, I AFRANER #h R G BT 4k 5 85 Sk A1, BT 46 52 B 7N A 1) 55T

b & @
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Figure 1. (a) Hlustration profile of the unit cell structure of orthorhombic-typed SrSeOs host crystal based on the standard
ICSD (file no. ICSD-419386), where yellow, red, and blue balls stand for Sr, Se, and O atoms, respectively; (b) [SrOg¢] and
[SeOs] polyhedra; (c) The connection way for [SrOq] and [SeOs] polyhedra, where the lengths of each Sr-O and Se-O bond
are also shown; (d) The substitution of R3* (R = Bi, Eu, Ce) atoms for Sr site

1. (a) £F SrSeOs A (file no. ICSD-419386)FitiEMI RN NEE, HbEE ., IBMIERKI ALK
Sr\ Se #1 0 [&F; (b) [SrOo]+ =M & 5[SeOs]/\EE; (c) Sr 5 Se EFHEEAR, RHS5 O BFEIMEK; (d) #
ZETF R (R = Bi, Eu, Ce) MBI REE

2RI AR O b AR B JEE R B, AR B AR T W (SrSeOs) /& — R AR B A R i1 b A4k &4, YA A —Fh Sr
A1 Se BB A7, HEA 20 HI%F R P20/m (11)A1 Pnma (62) %% 11 45 14 (1 B4 i 5 AN IE 22 5 & [27] [28].
PLIE 1(a) Flrzs IE 22 i 2R 11 SrSeOs dn Ak 454 i, SrA& A5 9 AN JE Tl AL A [SrOq] + M4, 1 Se #%
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K5 6 MR T EALIE R [SeOs] \THI A o [FII, [SrOg] H) il id I = A b i i AE B, FHHUY a fh
SIFHERAES . XF T [SeOe) FI[SrOq], ‘BT IH 21 IS I A MU e B —ie, DU A T 1 R 2
], FE 2RI EERE eI, A A =42 S5 M1 SrSeOs sk Gt . BRIXUELEFIRE 24k, H
B Em F I SRS EL abe 735 4.456 AL 5.478 A R 6.574 A, Hliffi 735 90°. 107.34°A190°; SRiM, IEAT
#H SrSeOs ¥ Sr A% Ar Lt Se K& A7 #8™ B 4w 5 FLFTAE M 2 A& TR0 (14 1(b)), Hdbk& %L abe 4374 4.454
A. 5477 AF1 12,543 A, Sr-O § 55 Se-O $ 1) T H5K 43 7k 2.5294 A 1 2.48677 A (4 1(c)). 454 LI
7N RAE B A [HOG FI[MO0] 2 A (H Frn 5 AL &4 P AR B BE B FAS AL T 3R M R Bl h 45
R B PH B FAS AL TG 2R) 1 d AR AL P Hh BT T8 (19 0 B T-45 4% RGP R 72 TAE R 1, SrSeOs
AN Z 5% B RS IS I AR AL A SR AR R BT, D9 SEIUAH G5 2% B IR IE R S SR it b B %A

T BAIE PR BEAR, A TAEIE ] SrSeOs 1F A2 T4k &4, 383 51 N +3 A2 (18 R A4l 25 7 (B Bis*,
Eus* Al CeS)WE R IHEE R, R A A% G il [ A B S 7 VA 46 T B T SrSeOs 24 Bi®*. Eus*All Ce® &+
B AR A Z RO BUR ST RO S AR kL S S ARG R AR B o b, KB BiSt. EuStAIT Cedt i)
THUR S AL, HAEHEW 270 nm RAMGEUK T, Wl S G Z06ME 0 [FI LT SrSeOs
R EBAE TR EAILE LR, WET AIMPEBE, XX =MiB 45 F1E SrSeOs £ i A REH
RICHER S RKIFHEAT T8

2. SCIGER4Sy
2.1 HmblE

K TR AR 45 7 SrSeOs AT SrSe0s:1 mol% R3* (R = Bi, Eu, Ce)i fho T AL 22 JEA B 2 AR L
TRFNCEE) B R AT A7, BAREHE: SrCOs(99.995%). SeO, (99%)- Bi0s3 (99.999%) . CeO, (99.999%)
1 Eu,05(99.999%) . %6, 1% FRFT ¥ iH ik 24 ik i LURIUCH BAL 22 SRRk SR8 )5, 7RIS ESHH e o B 30
Gyl RS, KB L (R R AR S BN S IR AE F R AE 950 CHlf BE N MRke 5 /NNy T, KRR E AR
72 5 I FEORO S B T 45 2 BT R H AR ROG SR L

2.2. BEmRFRIAE
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Figure 2. (a) XRD patterns of pure SrSeOs and SrSeOs:R%* (R = Bi, Eu, Ce), as well as the standard ICSD card of the ortho-
rhombic structure SrSeOs (file no. ICSD-419386); (b) The enlarged XRD patterns selected in the range of 26.5°~27°

& 2. (a) ¥ SrSeOs fl SrSe0s:R3 (R = Bi, Eu, Ce) 1 ICSD 454 419386 ) XRD A7 4} ElHE; (b) A7 4 Y #F 26.5°~27°
ib)ONL]
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FRI %

FIF] DX-2700BH % £ Thfg X SEATHA(FHIFR XRD, FHZ4R3E 7oA IREURE 5 1) XRD 3k, 3670
LA 25 K a0 0 ¥ e A 10°~70°F0 0.03°, X STk R H Cu ¥R Kol 461 =1.5405A), TAEH KM
HLIL 4 58 40 kV A1 30 mA. SR F] H 37 Hitachi F-7000 5 )t 43 9 6 FE TR i 1 8 A 6 B0 AR B
W, BTG 150 W RIRAT s BOR ARSI BREEIS 0 E 9 2.5 nm, AR HUER AN 658 % 73 7350 E 9 400
KV F1 1200 nm/min. {FHZEEZ T4 FLS 920 % E0ak O S 2 e 4 amid AT Ik, Kt Hok e h
10,000 /> counts, ZEJGET[AIBEE N L ms, BRI B E N 270 nm, BRI RSB WG 813 1%
TG LA Hamamatsu R928P s HL A5 1) & 43 FE R 0O, BT UK OGUR A 450 W IIRAT .

3. GR5IT

520
a SrSe0O; b P18, 0.8 /“wajml e gy Pure SrSe0, 7=270 nm
c"\\ %=250 nm W 7o =364 nm I D 560 X
\ o | s
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Figure 3. Photoexcitation and emission spectra of SrSeOs (a), SrSe0s:Bi%* (b), SrSe03:Ce®* (c), and SrSeOsz:Eu* (d) samples,
where the excitation and monitoring emission wavelengths have been labeled beside the spectral curves; (e) CIE chromaticity
coordinates of the four samples calculated based on the emission spectra of (a)-(d); (f) Digital photographs of the corresponding
samples upon exposure with 270 nm UV light; (g) The fluorescent decay curves of the samples, where the excitation and moni-
toring emission wavelengths are labeled beside each curve.

& 3. SrSe0s (a), SrSeOs:Bi®* (b). SrSeOs:Ce3* (c) F SrSeOs:Eud* (d)FERBIFEBUS AL L S IEiE, YR 270 nm BB
ST &AM CIE & A4R(e)FIHERIFY & S8R A (AR L RB F a2k ()

2(a) 7 2 %5 11 SrSeOs 55 SrSe03:R% (R = Bi, Eu, Ce)FEfh 1) XRD i, RUIE, FE5 RTS8
Bifie 5 HAT 1522 5 A 10 SrSeOs ik A AL (1CSD-419386) AHILAL o 3% 2 B AIr & B IIRE SO ZiAH, FR]
1 mol%[) Bi®*. EuS*All Ce* BS54 I WA TR JAH B HH B0 DA S AR G5 A0 B 28 . 14 2(b) st 7 Aot
JEFEITE 26.5°~27° G . R, Ce* B4+ 51 T (111) T AT Ve ST A RS o AR IR A h
JiFE ni=2dsing (X, n ARFEE, A NS X FEMEK, d 2SR, 0 WAL, RFELER
S AR T TR IR R A ) PTJ0, AHAEC T SrSeOs, Ce*MJ4BZ8 SIS 1 bl . X2 RUNERLA A 9 MITE AL T,
Ce* [ ME 114242 1.196 AT Sr A B T 143N 131 A M TR E KN Sr 3 8E 1
BBUING Ce A ORI, 23N Sh THI BB, 30810 3 B A AR 4, W T AT S Ve v v A R RS B0
SR, FRIR b Bt KA ECN 8, AR RS RN 117 A, (HRZ AT EEEUR 9 BUArff Sreetk
fro FEXFIEOLT, ik L B AE AR AL 8 BUAZET LS, AHRLAIATH AT H I AR B e . S8
i, AR, ARG B A TUHA AT FEA M FE 3, (HRHSET Wkl 2(a)Frni(400) &b
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T FRAF 77 5 i P 5 o X REBR S 7 SrSeOs 1, 1 mol% (1) Bi®* 45 2 AT~ 1) 1 18 5 i 4 (400) it [ 119 45 i
1 P T AN 2 51 A AR AR i . 0T 9 FRAL Eust s, HA AR 112 A, B Sl Ho
L PR AT S U 1 B e s LRIV RS o IEHAR LS s MHORHTSS I N 4445 8 B T Eu®* — Bi** — Ce** I
FRAE A R A, (ER AR AR oA SGAT S e ) (i 7 IR BOA 2 XM B, 8L BiSTRI Eu B 4% 0%
A GRS MBI HESE, 456 HAE SrSeOs T H BLAVRFFRIBCR M A AL, W LAE BISTHI U2 H
IhiB N\ SrSeOs A . SR, %+ ik XRD BEUE AT H LA 5256 90 5 75 otk — B o

3.2. HmEASIERE

3(a)~(d) AT~ HI /& %% SrSeOs A1 SrSe0s:R3* (R = Bi, Eu, Ce)FE i 1K) Y6 B A A1 & 5 i . 7E 250 nm
HAMDEBR T, SrSeOs A R4 AT 4hF 360 nm 1M 2% 1k 600 nm. W47 A7 F 380 nm (¥ 58 45 K S, JeiE
B TR AN W B iZ RS AT R T SrSeOs divfAk [ B [SeOs]? RNk B AR < S K. LA
380 nm E AR BT ISP K, I3RS T H)E T Se-O Hf i ALy HUEALAL T 250 nm [ 5E A R etk . 53
il Bit 45 4= (1)1 WAL BR b [29]-[34] # R L [35] [36]+ BRIR £E[37]-[39] £3MR £ [40] [41]55 SRk & P HL,
SrSeOQa:Bit*FE i M B AR St i 3802 T6 7, IX 2 BIS A ORI RLATRR A (6 REREE . 7E 270 nm
A1 364 nm EAMEBUR T, SrSeOs:Bis il R HIEAL AL T 441 nm. Ferm9E N 67.4 nm HITEHT RS LA
441 nm {E R SRR, HOOR 6 RE Az A7 270 nm AT 364 nm [P A T8 R AL K. SrSe0s:Bid*
FE O T AN [ T 4lFE SrSeOs, HAALT 270 nm (UK I RTAJE T SrSeOs sn Ak IR Y, 1AL T 364
nm IR IERT IR T Bit B T LA 1So B A 3P IBKIT s AR ML, IEA7A7T 441 nm (& 57 7T A
JB TR AS 3P BIFEDS 1S (MERIE . HA ML, 2023 4 Lu Z5[42)4R3E T —Fb LaCaGaO,:Bi 74 )t ik
kL AT 365 nm Ok R AR BTG T 445 nm HAEIETE 82 nm [ Bt IE B SE RS . RS A
TAF SrSeOs:Bi**7E 364nm ¥k T BTk 1S I A& S ARABL, {H P & SEAHEL T SrSeOg:Bis* (67.4 nm)H 5, 1X
ERAEBIS A TAEFT 45 1) SrSeOq:Bis* F i B A BEALER 1) A G 4l 2L T SrSeOs:Bi®*, SrSeOs:Ce*
FESRAE 270 nm SR D% KR T AT R S R BN 79.8 nm [ B — BE AT R AT, WEALAL T 460 nm. ML T
Sojka ZE[43]FT4RIE I HA 121 nm 25 55 1) BapCaoB4O10:Ce e b &4, Bt b SrSeOs:Ced it
R BAERE RS aAE. UIHAE, 75 460 nm E RSB AKAEN T, SrSeOs:Ce®* i T HA M IH)E
TH: 7 Se-O MLty « WEALALT 270 nm B 2 4h, FOEH — AN SRR ES Il A8 T Ced* 4f — 5d
BRI T 320 nm (1R 6. AH SR 6 AT iR o B2 N R AMEIX I, 1X {8 1S SrSeOs:Ce g S 5 £ R F
FI2E 4N LED 5 FARUCHES, JEBLH N T EZS pe-LED BRI /1. 4T SrSeOs:Eud#f i, HAE 270
nm Y KUK T FTAR IR S 6 B o 2 SRy, ek 7E 350~560 nm HUEAL AT 400 nm (1)
TR, RS R T SrSeOs & A [ & [SeOa]2 Ml ik i HH 5% i 1 M0 & 0 85 8B40 W d AL T
500~700 nm YE[H P [ — R 514 7 R GTIEL R, EUEA7 T 591 nm A1 617 nm, 43 H)E T EuS &S F 5Dy —
Ry I REAB AR R IE AN SDo — "Fo I AR AR BRI [44] . (ELAS —FRIE, REARARERIT b A (AR BT 1) % S 06e o FE
HiE, X5AE EuSHB IO S ARATRL T I I SR I AR AT LU A IR KT SR A R AN — o X AT
R4 EuSTHUAR I Sr2t A% AL AITTE [SrOe) 25 THI A4 HI Z5 A HH il A DG, (U 75 (S8 IR NI SEBS ANER R B 7L . DA
591 nm YE A R ST, AT LRI SrSeOs:Eus UK J il A2 1 — AMNEALAL T 270 nm (1) SrSeOs B UK
Bt LSRN AT V&8 T EuS R IUR BRI (14 5 B 95 55 1) 72 i ORI (B 394 nm(“Fo — SLe)FH 465 nm ("Fo
— 5Dy))2H ko

FT B 3(a)~(d) MR FHGIEEHE, TATHE 7RSI EAAR(CIE), WIE 3(e)fi#k 1. W LLE H Akt
SrSe0s PLJ Bi®*. Eu®#l Ce®*#57% SrSeOs i [ A GEE Ml b T CIE HiEh. HIGFILEGIX L, A
N F) Ak bR 40,175, 0.168). (0.166, 0.125). (0.151, 0.166)41(0.338,0.264), 515 3(f) KM LS TRt
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FRI %

an (R GIR  fe — B IR IR, JRAAE SrSeOs )it H Bl [ T 2R T 2 (L ROk
B Bz oh, BATH IR T AnEE A 3(L) [45] [46]HHATR A TOLA it 2, W 3(g)
I
I=Ae T+Age 2 1)
A, | RORFEA R GIRE, SR TE] t R E: o F 7, 2 AARER PO R R A IS e . A FT A, 2
A HH . A IRANE M ZAEh G 45 R mlan 1] 3(0) M3 1 s AHRILGIRIE R? > 99%, RWI& 48R
FEFFER) . IO H i 7, AT H PA T A 3t — R [45]
_AT +AT
AT A @
FRLUR I, BSRAESCU 6 A BRI TE 270 nm SR B TR, (R 5T W I KA —HE 11,
KRR SBRE T H S WRHERS, Nitki5 2 Bt EuT Rl Ce B T-1E SrSeOs H 117 Y 77 i b AN 7] o
HECT-2UFE SrSeOs (87.71 ps), B7% 5 HIRE S A5 dr B B/

Table 1. The CIE chromaticity coordinates and fluorescent decay lifetimes of SrSeOs:R®* (R = Bi, Eu, Ce) samples
2 1. SrSe0z:R* (R = Bi, Eu, Ce)## MY CIE ta&tkR, LIRIBRARNF

Samples CIE Coordinates Ay 7, (us) A, 7, (us) To (1S) R?
Pure SrSeO3 (0.175, 0.168) 3057.07 15.62 152.78 200.24 87.71 99.462%
SrSe0s:Bi%* (0.166, 0.125) 1355.78 13.60 71.07 170.90 76.07 99.264%
SrSe0s:Ces* (0.151, 0.166) 764.44 27.02 426.09 72.34 54.16 99.463%
SrSeOs:Eus* (0.338, 0.264) 1253.22 12.07 78.32 129.41 59.15 99.046%

3.3. RAMBESHE

T TH 6 B0 EE BT A0 2R I8 T SrSeOs 25 5 UK I K (1 250 nm A1 270 nm) 23Uk BiS*
EudAl Ce3* B 4% (R, 20 BT 3545 Bi®* (441 nm). Eud*(591 nm 1 617 nm)Al Ce3* (460 nm) L &
UG o X LG S AR W] 2 5 21T SrSeOs H B IH R S IA7.(380 nm) & AN, ot SrSeOs:Bi**fE 364 nm #ll
270 nm R N A5 B R S0 RN 8 FEA 2 — R . B YEIERT b, T RURBUAJE T B (364 nm). Eudt
(SR T "Fo — SLe BRIT A 394 nm FIXF BT TFo — D2 BRI 465 nm) LK Ce®* 1K 16 (~320 nm)y) 5
I BAE 360~600 nm [¥] SrSeOs 5T A A b & . IXEMKATE 250 nm B3 270 nm KK T,
SrSeOs AT At H G TT ABE Bis*, Eus* Al Ce® B FMlie, Eifiseil Bi*t. Eu Al Ces* IRHIE R bt Hat)if
Ui, SrSeOs:R* (R =Bi, Eu, Ce)F f£1E SrSeOs 24)ii F| Bi®*. Eu*Hl Ce** 57 & T IR =A%, HiXFigeE
&3 2 B e i S BRSO AT 1 48R, — BRI B985 T (M B AL ROR IR AN 100%11 - 151 1,
1E 270 nm 3K T, SrSeOs:Eu*BR T Eust R STUEIL H L T SrSeOs 1 & 417 (400 nm).

NP FTI B RIS, FRATER T A 4 BRI . 7E 270 nm BZ 250 nm 54N
KR T, SrSeOs H Oy 2p 25 Hi 7 (P B Z5) ik 21 Se** 1ty 5s A (MR AS), MIMiTE R Se-O HfEH
Wy BEJG, 2GR TR B SR BE, R B TR A DOBER S R R B, B I A
T 380 nm [W4LFE SrSeOs Kbty o (MR —HRZ, —MAHHL N 45K 2 HOE Tt AL & VIR R 5y 35 02 5
WR S . BN, FEFAAEY) ScVO, [29]. LuVO, [31]. ZnWO, [39]F1 CaWO, [40] 1) A Hit s 41 42 B 5 &K
S BRUbZ AL, MHTTHIR d RSG5 M T AL, Sr b5 Se £EIEAC df & SrSeOs £5 44 it 3L O JR T Bt 5t
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