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Effect of Strontium on Luminescence Properties and Substitution
Site of Eu Doped Sr-Ca-Hydroxyapatite

YIN Hai-Rong, LIU Jing, QIAO Yin-Po, LI Yan-Xiao, ZHANG Pan, ZHOU Qin, YANG Chen

(School of Materials Science and Engineering, Shaanxi University of Science and Technology, Xi'an 710021, China)

Abstract: A series of Europium (Eu) and Strontium (Sr) codoped hydroxyapatite samples (Ca,o.,-Sr,-HAp: Eu)
were designed and prepared using the chemical co-precipitation method. The crystalline structure, chemical compo-
sition and luminescent property of samples were characterized by X-ray diffraction (XRD) and photoluminescent
spectrum (PL). XRD patterns showed that Eu doping had little effect on the structure of the samples, while with the
increase of Sr content, crystallinity and interplanar crystal spacing were increased. PL spectra indicate that the
fluorescence intensity at 596 nm and 618 nm of Ca-Sr-HAp: Eu samples increased firstly and then decreased with
increase of Sr content at 394 nm excitation, and the strongest peak appeared in the Ca;-Sr,-HAp: Eu samples. At the
same time, the fluorescence lifetime of the samples showed the same tendency with the increase of Sr content. In
addition, the ratio of magnitude between electric dipole and magnetic dipole transition (Ir/lo) also increased firstly

and decreased subsequently along with the increase of Sr content in the matrix. Furthermore, the energy transfer
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parameters (f) calculated from luminescent dynamic of Eu’" correlating to different sites and transitions present the

reverse change. It is concluded that the doped sites of Eu’" ions in the host lattice are affected by the content and loca-

tion of Sr’* ions in the matrix. Thereby a tunable luminescent property of Ca;o.-St,-HAp: Eu samples can be obtained

by changing the site of Eu ions in the matrix through adjusting the value of Sr/Ca.

Key words: hydroxyapatite; Sr**; Eu’"; luminescent property; substitution site

F£ 15 K A1 (Cayo(PO4)s(OH),, Hydroxyapatite,
HAp) & 5 HE S 48 8% A 24 0 1) 3 e LA 7,
HAN R YRR A ENE, TN T4
Py AR, f HL, BRI AT 0 B 1 B ]
T3] e BT 7 A B 1) A A A VR e, A Rk
BEHF Tl N FH A A4 B B 45 R 0L,

7E iy A B A 2 Bl Rl e i e R T,
T AR (St W] EAHCAR 2 B B8l A A v 1R 465 T ok, 8 4 [ v
AT AT S5 R AN B & AR AR, 5k AU R g
FW], BN B AR LB A T o T (A AR O, B
GBI HEF LRI AR R I S e . B A
TE 7K IGE A 2% AN [R]85 5 2 LB A it v W %
BIWOERS, IFNABE HAp M H 1 COrxf
AIRE RIS N AU TG IR o ek, BEAE A dr
REEWFITI R RE, M+ 8 15 22U HAp A& i
5585 FAF R 9GRS, FH T AR ) B G HR E s 1) it
5, Bl T % " Hi(Bu)ZE B0k R B0
FURURRAA (506, JF B R AT & 06 2 A6 E T AR
XA I8 R G 5 i, COBCh R SRR R
R e,

W], FREEWE A 45 0 A A8 W SR AN R 1)
Cafr s, MR Cy B = FUNFR, Jmyfn
FRVER &, M5 Z2RADNL R Cs BUNTFR, SR BT
PRI BTG o PIRASFAL R Bk Bu IR Z S5, &5
B ILRNAT N 24 Bu® kT 7™k S35t o0 R
R ORFR), 5 LA SRV “Do—"F FRIHE A B KT 2 5
P2 590 nm)y 35 MY Eu® ib T 25 S ot
(RS, B IS (AR, - A P 1R S ade e R0 U T8 s, 4
HIL Do~ "F, 25 AL BT 1 LA S 20 6(2 620 nm)
AE. Gaft!'l FRigO R A ik PR o
L] Eu by 4 52 B A A 5 5t M S AN R0 R 1)
Ca 7 s LU 5 8 145 2 R IR 3 H DL B fB e 55 11
Ko BT FE AR Y M Bu F1 Sr 345 28 1) #2 Fe i K
AR, WS S4B 5% St [ 1) 5L A4 A 254
AR Bu BUAAL B AR G PERE 52 o BRLE, i
A AR 7R SN R BT AR R R A B
WA B S I RE i DR 2%, 39 i 3 oo 20 7345 ) X il 4
SAT TR RO E . G et NV
PESR I FG 1 B J BRI A BRI & A I 9T 77

SEAAR LR R 7]

A TAR LV 0 568 2050, 8800 B 1, R
ML 2l T Sr & AR5 A B
BB AR AR, SR X AT . 266
FBN 1AW T AR 64T 5 5 p A
TRMKR, W T L& T ERIEREACH B T
(K3 EAA B e s iy DR 3%, Dy i e 3 i 2 73 1 3k
TRROCREA T GRIRETEIE N TR 5 K SO R
EHAORL B 5E BEAR FN 5256 LA

1 LWHZE

1.1 HmEAEHE

S AF VUK A PR E5 (Ca(NO5),4H,0) A FRAR
(Sr(NO;)) M B% R %l — i (NH4)HPOy) 55 3l 1 15 4
Ca Y. Sr AP Y, FEERHE(BEu(NOs))E M Fi +145
A, AEALBI(NaOH)EA pH 15 71 Rl N4,
BN T . B RT3 BT 26(99.9%) -

SIEI6 SR FH A2 L e v 1 46 15 A B A SR L i AR
FFES, R IEA S N 7 FE A R

xSr(NO3),+(10-x)Ca(NO5),-4H,0+
6(NH,),HPO4+NaOH—

Ca10_ST(PO4)s(OH)2+12NH,NO3+NaNO5+H,0

SIS E DL G, I FEUE R
Ca(NO;),4H,0. Sr(NOs),. Eu(NO;); H1(NH,),HPO,
6 JEURHEC K W FE SR PSR R, MR
LB R BOR A, HRAR N A FLhR .
H i1, Ca/P=1.67, Eu/(Ca+Sr+Eu) [¥] Lt %1 [ & N
0.5mol%. FfJ5, 1 2 mol/L 1) NaOH ¥ WA IR &
W pH & 14 FE4REEHEHE 1 he K AR RR S
WAL 80°C NRRAL 24 h, V¥ HuE. TR IFWTEE,
BITH %) Bu S22 I KA FE S, il
Cayg.,-Sr,-HAp: Eu, H:H, x = 10n(Sr)/ n(Sr+Ca),
BEYE R 0~10.
1.2 HEMmBIMHERERIE

K H H AR D/max2200PC % X S 75 4%
HrA(Cu Koo BB - 45 3 B4 12 FE R I A RF i gt
17 X AT I (XRD) IR, 4 HLE R 40 kV, 4
LA 4 mA, K 0.02°, FIH5IEE 4 6 °/min, F14



%10

FGEoR, A5 B O M T Eu B2 R A4 A BE IR L (1 5 1105

Y2 20°~70°; KA H 7K H 37 Hitachi F-4600 5%
F65r HEE VX RE b 1) 58 e e ik REEAT 20 Ao
IRAAT A 150 WathT, 23 #8548 1.0 nme A 1t
Bt =i N AT .

2 GRS

2.1 XRD 447

Kl 1 4 Cayo-Sr,-HAp: Eu £ i (1) XRD K,
BRI LLE H, FESh Cajp-HAp: Eu 7E 20 £ 26.0°,
27.8° 31.7°H0 32.4° Kb ISR BIAT I U, 3 ) B
(002)~ (102)~ (211)FI(112)fhTH, I 5 aiFEILm K 4
(RIARAEF F (PDF 09-0432)— 3, X% W] Eu 524
X R BB A TR S5 R 5 I LN

BEE BRI G IN, FF i IR RR AR W2 3 17 M T B Ak,
(210 i THT AL (1 455 ik 06 i 52 B Sl 398 ORI 328 T ) I A
FEAm S o B 45 12 B ol A BE b R = B,
FEFRFAE W m B% At B 2 39 K. AE ) Srip-HAp:
Eu XN TS AR TAE i Cajo-HAp: Eu(x=0)1)
Wt =L h-1.1°, W LLBIZh 3.5%. ah, &A7
SR U TR T A B A Bt P vy SO/, R PR ) 45
FERE T o . TR A A SR AR R 75 7 R 1
ANHIAEREE R, 4 ST T EAR 0.118 nm) BUA
Ca® (B 1248 0.099 nm)lif 215 415 8 JL i A A7 45 14
(0 i A AR, 0 T I B KPR e
fn ) (R AR K3z B, e 85 AR AR, &
LA BEAE St BN, LA R AT e (1 s R R AR
Ak
22 HERBIRAERE

Kl 2 4 Cajo-Sr-HAp: Eu #i () 56HUK (a)
ARG ) IS, HiE RS TE 618 nm AbTF KOG

| =
R =50 |""'L_/\, M’I\NHL_M“‘\_H.H _._..._a\u MI_AO. Eat

Intensity / (a.u.)
( L
-
i
[

| PDF#33-1348 Sr[e.—HAP
11 . A Lad 1w ‘o idi )
| || PDF#O?—O432 Ca,-HAp

Ll 1 Ay [ TN L

20 30 40 50 60 70
20/(°)

1 Cajo,-Sr,-HAp: Eu £ 51 XRD 1%
Fig. 1 XRD patterns of hydroxyapatite Ca,q_-Sr,-HAp: Eu
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Fig. 2 Excitation (a) and emission (b) spectra of Cajq-Sr,-
HAp: Eu

The inset shows the fluorescent intensity as a function of Sr content for
Dy—"F, transition (e = 394 nm, Aoy = 618 nm) of Cajo.-Sr,-HAp: Eu
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Fig. 3 (a) The In/-¢ curves of the samples Ca;, ,-Sr,-HAp: Eu
and (b) fluorescent lifetime as a function of Sr content for
’Dy—F, transition (Aex = 394 nm, A, = 596 nm) and ’Dy—'F,
transition(de, = 394 nm, A, = 618 nm) of Ca;o_.-Sr,-HAp: Eu
The inset shows time-dependent decay curve of ’Dy—F, transition for
Cayo,-Sr-HAp: Eu(lex = 394 nm, Aeyy = 618 nm)
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transition emission and magnetic-dipole transition emission
(Ir/lp) for Cayy_,-Sr,-HAp: Eu
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Table 1 Best fitting parameters of D, emission decay (dex = 394 nm, Z¢r, = 596 Nnm) for Cayg.,-Sr,-HAp: Eu

x A fie) Bi(1- f...) C fa/ps H/ps /s /s R?

0 — 10.982 — — 3967 0.5262 — 0.9954
1 35.541(0.653) 13.573(0.248) 9.97 627 4235 0.5683 277.48 0.9964
3 117.578(0.882) 15.322(0.118) 2.55 1211 3889 3.99E-12 35.43 0.9992
5 42.416(0.759) 11.716(0.241) 5.56 917 1888 3.8901 143.59 0.9986
7 105.082(0.665) 50.826(0.335) 4.18 964 3013 0.1687 8.92 0.9993
8 248.368(0.650) 128.191(0.350) 9.96 1255 3696 1.37E-12 72.81 0.9980
9 34.414(0.449) 34.472(0.551) 6.28 11544 913 3.85E-13 61.66 0.9985
10 22.097(0.315) 37.959(0.685) 4.68 7318 833 1.18E-13 4.67 0.9987

The fitting parameters y;, and ¢, are used for describing the Eu*'(site I) decay induced by Eu®* (site I) —Eu*" (site II) energy transfer process, while y,
and 1, are the parameters describing the luminescence of Eu*" (site I) center remaining in the *Dy level (long decay) and £, is the time constant of the Eu’" (site
II) — Eu’" (site I) back-transfer. Meanwhile, y2and ¢, are the parameters describing the Eu’" (site IT) decay. Parameters 4;, B; and C are amplitudes (intensities)

at l: 0' f;rans =

4 -C
4 +B-C

% 2 Cayg.-Sr-HAp: Eu #E7E Do BER (Aex=394 NM, 2em=618 NnM)EY T K FR Bl & 551

Table 2 Best fitting parameters of °Dg emission decay (1ex=394 nm, 4.m=618 nm) for Cayq..-Sr.-HAp: Eu

x Ay(1-f) By(f) f1a/us bius yofs7? R?

0 J— J— J— J—

1 155.844(0.607) 53.804(0.393) 37.52 2477.45 1.0358 0.9978
3 466.144(0.750) 131.660(0.250) 78.85 2711.73 0.8919 0.9992
5 239.591(0.741) 58.741(0.259) 98.96 2143.47 0.7993 0.9991
7 509.235(0.715) 118.934(0.285) 101.12 2480.58 0.6962 0.9994
8 335.056(0.720) 74.884(0.280) 121.20 3846.19 0.6797 0.9994
9 259.136(0.485) 78.198(0.515) 89.03 2895.34 0.8650 0.9990
10 167.785(0.279) 49.342(0.721) 61.10 2240.63 0.9330 0.9990

Parameters 4, and B, are amplitudes (intensities) at # =0. f =

Sisans (4 + B,)
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