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Abstract: A series of phosphors, StWO4:5 mol% Dy**, StWO,:5 mol% Sm**, and SrW0,:5 mol% Dy**:x Sm** (x = 1~15
mol%), were prepared using a facile co-precipitation. The crystal structure, morphology, photoluminescence properties,

and application in anti-counterfeiting fields were investigated. The crystalline structures of the prepared phosphors were
found to be tetragonal systems with the dominant peak occurring at the (112) plane. The excitation spectra of the Dy

singly-doped SrWO, phosphors were composed of an intense charge-transfer band centered at 246 nm in the range of
210~270 nm and two weak peaks at 351 nm and 387 nm due to the ®H;s»,—°P7> and ®Hjs»—*1,3, transitions of Dy*"

ions, respectively. The wavelength of 246 nm was optimum for exciting the luminescence of Dy

3+

and Sm** co-doped

SrWO, phosphors. The emission spectra consisted of two intense blue and yellow emission bands at 480 nm and 573

nm corresponding to the *Fo—>

®H,s,, and *Fo—H3p, transitions of Dy**, and two strong emission peaks at 599 nm and

643 nm originating from the *Gs,—°Hyp and *Gs,—°Hp, transitions of Sm®*, respectively. As the concentration of Sm**

jons increased, the emission intensities of Dy’*

rapidly decreased, while the emission intensities of Sm** gradually

increased. These results suggest that the color of the emission light can be tuned from yellow to white by changing the

concentration of Sm**
in anti-counterfeiting applications.
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jons at a fixed 5 mol% Dy’*. Furthermore, the fluorescent security inks were synthesized for use
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ATt [1-3]. 53], 2AEEFE ©YAH AFEE(Srwo.)
et om QMgstal, ARyl 7RAIGA G 2R
H2 55 Y @A 2GA ol oyAE A
ot 4t 544 ol 2o, Wd 4K, SlER
o]2o] =gtl= PIA A AX= &5t A
g5 282 deiA oo (4. wS W AVIe oo
& FR ML WESH FUAT Axs] Astel &
o steld o2 obgst RA| ZAxto] wlLA W FhAlY
A gelo) ojux 292 2m At 1o gER o
29 =getn gk IR ol oA, o i
24 o]&(dysprosium, Dy*)2 “Fo,—>°Hiss (~480
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nm) Ab7] A=A} Aojof] 0§t A Wk Fyp—
®His/z (~575 nm) &7 #=x} Hojof oJgh 7ygt Al
g2 UEU AL, 3719] AlkE
2 “Gs/7°Hyyz (~605 nm) A}7] B=AF Fojof o]t 7}
gF ZaAl wrabt 1G> Hy, (~649 nm) A7) FSA
Kolof ofgh A g2 FAlo LERY Y] miwol AT
gt 55 2= F o223 st BA| A4 o]FC
2 st WAl uy ARE AR 4 At [5.6]. Ol
= WgEEEHS ARESto] /A
Dy*'e}t Sm3+ oles CagTeOe LA 2ol A =gt
o[HA] o]0l olgt Al ¥igtS &SI Tan 5 [8]
d835 9(solvothermal method)S AF&sto] Dy
9} Sm* o]2o] =¥ Nala(WO,), FLAS FAst
o} Sm* o]29] w=7} F7tg] et Dy* o] 29 9
gt wty A717t agto ) oyx|7t Dy oA Sm*
ooz HMIHEE Hiusitt Yu 5 [9]2 EA%e
2 CagLidPOs)2«(SO4):Dy*" . Sm* FIAS FAst
o] Sm* o] 29| &&= Walrt AR pxet WL A7|d
Uxle 9= 57\}5}01 Dy*'e} Sm* 01394 A =

%3 T35 O

o]€ (samarium, Sm®)
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SrWO4RE* (RE=Dy, Sm, Dy/Sm) A 29 Az
L %7] 8% NaWO, - 2H0 (%= 99%), (CHsCO,)Sr

(99.995%), Dy(NO3); - xH20(99.9%), Sm(NO3); - 6H,0
(99%)= Atgoted FAR®(co-precipitation method)
og gAsteict SrWO.5 mol% Sm¥™ Qb SrwO4:5
mol% Dy* &3] a1t Srw045 mol% Dy** &=
Aol Sm* o]f9 =z = 1, 5 10, 15 mol% Z=Hs}
of zujslgct Aplel &7 AL HY e
(ABT220-4M, Kern)S A}83to] slstopzxio @ =%]
gh o Fujgh & Ti9 wF FolAM, v]F Ad+=
Na;WO, - 2H,0, 8] Bofli= (CH3COz);Sr, Dy(NOs)s -
xH;0, Sm(NO3); - 6H,05 1 & 7o 22t 57
2 50 mLE Y1 71¥7|(hotplate)S At83dt] 70°C
oA 500 rpmO =2 WYHA|ZITH AIXO|E(spuit)E At

&sto] v]7 A9 &G gt WA v]7| Bo] Hojx
HA 202 & w2 AL Agstdtt. thESH

= q;ﬁg

7 _/Tx_é_} th2of, gtxl Apd(agate mortar)o]
ojub £rbo] gobk upay A
Co £22 S2A17 900°CoflAM
sto] A% JTA UL 2%

AR xR = Cu-Ko EAMA
7= XA A AXR|(Ultima 1V,
Rigaku)& AR&sto] &7d7F 10~60" P04 2 479
A S22 SO B9 Yol 19f o 2

st o, g %%* £4, CE Aﬂ G Kﬂ% iR
e @ FEAI(FS-2, Scinco)E ARS8
= F5190. Y& HAIE Het IS AR
9l5te] SrWO4:5 mol% Dy* 9} SrWO,:5 mol%
T FEA 28S 4 vAo @1 4% polyvinyl
alcohol (PVA) 8098 30 mLE A7lst &, 712 7]0|A]

70°C, 500 rpmO.& 5A|7E WHES 28Ysto] @AIEHel
of. oAt R& ol&ste Alm, {2, FAtA]l mW
of 2xt2 M ol = 254 nmo| AelH A

(LF-206MS, Uvitec)2 ZA}sto]
A7

4 g2 g

a7 12 SrWO, 2Al ZAo] 5 mol% Dy*et
S ol 22 € =T PG Dy ole
A 3

5 mol%=
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Fig. 1. XRD patterns of StWO, phosphors doped with Dy**, Sm*
and different concentrations of Sm’" at a fixed 5 mol% Dy*".

5, 10, 15 mol%z w37 srAst SrwO.Dy*,
Sm* FLA Byol X-A A ZAE e
Zojot. &/gA] o]29] sweot TR wAg] e
A N7l 277014 EAHSE (112)99] 312 AlSo]
Qith. o] Qo= 18.1°, 30.0°, 33.1°, 38.0°, 45.3",
47.5°, 51.8°, 55.9°, 57.2°0]lA AtjR o2 A|7]7} oFst
A Asrr BEEQPEH, o]Z ZHzt (101), (004),
(200), (211), (204), (220), (116), (312), (224) WO A
ublst B)A AR ICDD #01-089-25681F UX|a}=
LA 25 B & ag (112) T 39] vIx]=
2 Sm* o]Lo] T =i Qo] ziolon, 1

=X
=70

| r|

2 0.1070]Qict. ¥ix l%ﬂ J*JEH & 5 mol% Dy> ¢}
5 mol% Sm* o]2o] ZA] =HE AlgofA LAY5IA
on, 1 g 0.12°0]% E}. 2 314 (112) 1329 34d
7k 0 (S92t ehet ¥HR|= B (T 2p9h), X-A

o] mAKA =0.15406 nm)S Scherrer?] Al [13], D=
0.94)/BcosOol] thstel Aatet ZAut, Sm® o]0
&d =" FEA 274 dAe 7] 54 nmoj

I3 2(a)e T 480 nmet 573 nmojlA ZHzZt AjojA]
71 2783t SrW045 mol% Dy** 33bx]| 2ot} 561, 599,
642 nmol|A] AojA]17 &3t STWO,:5 mol% Sm* &
A E2H AR T72)9] S photoluminescence excitation)
xmEe Uepd Zolch. Dy* o2o] © =y
HOA] B8 246 nmE AH o=z stof 210~270 nm
n Qelold WA mst Dy golewm 0F gole
= AfojojlA EA8st Aot MY WiE(charge transfer
band, CTB)ofl 9]t o] A159} 330~450 nm < & of|A]
UERE Dy* o] 2o 4f-4f oo o3t &% AmE
Hog JAAMEQC} [14]. £35], 351 nme} 387 nmoj
mag 7t 2% AmMEAS 9 Az Yol x5t
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Fig. 2. Excitation spectra of SrWO, phosphors (a) singly doped
with Dy** or Sm**
with Dy** and Sm**".

(inset) respectively, and (b) doubly doped

£ Dy* 0]29] °Hispp oUA] EYoNA Pyt ‘s
oAl &= 242 Hojdo=x WASH S 4l50]
o [15]. CTB &8 Al=9] A%of, ¥ o7 573 nm
oAl Alojgt && ATMERL A|7]= 480 nmojlA| A
ojgt & AHERO] A|7|of v]glo] of 1.38] F7}s}
Re=dl, o] 573 nmo| g A|7]7F 480 nmo] ¥
d AZIEG 8% Ashr] diwolth. 1™ 2(a)2 AY
J3ojlA B upet o], #AA Sm® o]2o] ©d
5”451 FEAQ] Aol T T 643 nmojlA Ao]
s19S T, 246 nmE MO s} CTB AHMET}
362, 374 403, 466, 475 nmo] T3S Zt= oA 7j
o] 53 A" EZo] WHEL It A9 5 ASEL

DA AR ol $JxIsH= Sm®™ ©0]29] °Hsjy oA

ZAoNA “Foss, "Dsja, ‘Gryz, “losz, i AIHAl Y2
7y7h Aojgro g At Fd Alsoltt [16]. A=
08 T o= Aofsidles W &8 e ol
< WASHA] fdrout, &F Y AVl 2 WHEE
UERU I

I 2(b)e o 573 nmol|A AlojstdS o, Dy*
o]29] = H]&= 5 mol%o] 1174st Sm® 0]29] = H]

9isto] w2 SrWO.Dy™,Sm* FgA|l Buo] &4 2~
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HEHS Lehd Zlojch Sm® o]f9] Z u]o] A
o] BE YIH EYL 246 nmo| oj35 ZH= CTB
2 X159 Dy* 0]29] °His, Py (351 nm), *Hispp—
sz (387 nm), *Hisp—>'Giije (427 nm), *Hisp>"iss
(451 nm), °*His/z>'Fosn (473 nm) Fojof ojgt &3
cmEH o2 PAEct [17]. Sm* o]29] = u|7}
s%olA 15%2 7t mhel BE §u AMEo)
A7e daste FAE E9o4, &8 9 ols2
USEA] AT

I8 3(ak= o2 mollA of7]AA F4§H SrWO4:5
mol% Dy*9} SrW04:5 mol% Sm® (&
A £&9] 2 photoluminescence) A EHS LIE}
W Zlolch. N £859] of7] oA (246, 351, 387 nm)
oA of7]A1z1 Dy* o]2o] ©d == SrWO.5
mol% Dy”" FTA|Q] ol Fo>°Hise A7 B3
At Aolofl oJgt 480 nmo| A W, ‘Fo,Hisy A
7] =AE Aojo ofst w3k A|717F 7Hd sk 573
nm@| A whl “Fg, -, AH7] #2AF Folof o
gh 2hg 717t o ofsh 659 nmo] AR wisgo]
ST [18]. of7] el EFofl #Alglo] we
AHEHO] m3 ool X]= wdo] gllent, 387
nmoflA 7|AIZE o WFAZI7E Follet. o] A
= A AW(combustion method)e2 A|x3t Dy o]
2o =% LiMgBO; FgAlolA F5H Zaet [AL
Shit [19]. dutsloz =/dAl oo oJst & T
o A7]1= A7) A=A Aol(magnetic dipole tran-
sition)Q}t A7] A=At Ho|(electric dipole transition)
O] 3Ryl ofsto] AREl= Zow BRI QIT} [20].
AP7] A=A Aozt A7) A=AE Aolof wlsl RujA
ol Aol BAl 274 Wl YRlst= A ol
9 tiA(inversion symmetry) Af2jo]l §A]5}aL, o]et
g2 A7) A=A Jol7h ARl Feo &AdA ol
22 "]E¥tAd tfA(non-inversion symmetry) Xt2]S X}t
Agtct [21]. 4R Dy* o]2o] ©d =gPE Srwo,
FIGA Lo, FopHispe 7] 2R Folof 2
gt 573 nmeo| A whgo] N|717t “Fo— Hispy A1
=AE dolofl ot 480 nme] gAY o] Ao H]
sff 3.58f =Z7] wjZo] SrWO, ZA| AAL Yol $JX|s}
£ A Dy* oleL uvlgbd thA] xjo] Yxlshe
Aoz WHHL Fig. 3(a)9 Y 2FoA EXl,
Z4A] Sm* o]&o] & == Srwo, FLA 7
Qo) oA}t 246, 351, 387, 403 nmojlA] ZHZt o 7|A)FH
S o U F{o wF AmEHo] HEEIC Gy
®Hs/z At7] #2AF Holof 2Jgh 562 nmo] =A% @y,

o 2
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z
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= g
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Fig. 3. Photoluminescence spectra of SrWOQOs phosphors (a)
singly doped with Dy** or Sm®" (inset) respectively, and (b)
doubly doped with Dy** and Sm’".

“Gs/s>°Hypz 171 =7} Aolof] 9§k 599 nmo] 73}
A 9bl Gy —®He, R17] WAL Ao]of] 2JgH 643
nmo| MM 8wkt 4G, ,—Hyy, A7) AEAE Holof 9
gk 702 nme] ALl g Aert TSt [22]. A
719] ¥t} NS Fo|M, “Gs>"Hoyp A7) #IA; Ao]
of oJgt XA (643 nm)Q] M7|17} ‘Gs—Hye At
7] =AE Aolof ofgh F&kA 3599 nm)e] Al7]
Hop oF 1.38) 27] tiZof] SrWOs 24 27 Wiof 9
A3t Sm® o] 22 u¥td oA At2jo] 9jx|gict.
33 3(b)e Dy 0|29 F=st nAE AMEfolA
Sm* 0]29] =52 1 mol%olA] 15 mol%= WA
1WA BA] =9gk SrWO.Dy*,Sm™ LA 2o
g AHEY S YERd Zlojoh oY 246 nmojlA] o
17e o Sm* o]29 &=7F 1 mol%Ql LA
U2 & TR GA o]0 Qgt g AHEY
LFEFIQICE. Dy** 0] 29] “Fy/,—>%Hyss, Moo o5t
480 nmo] A Wl Fg,—%H;, Aolof oJgh 573
nmo| A wtatat A, Sm* 0] 29] “Gs,—Hyp A
olof o]t 599 nmo] FFA Wik 1Gs,—°Hy, HoO]

7

A
]
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of o3t 643 nmo| AAN dgo] FAlo] WHE| Q.
Sm® 0|29 =% 7} 1 mol%o|A 15 mol%z =715t
of wat Dy* o]2o] ojgt AFAint A Wit A7)
A5ty a, Sm™ o]0 o|gh F&Mut M dhgo]
N71= 57Fstgct Sm* o]29] H&rt 15 mol%Yd
o, Dy* o]&o] oI5t FA W3t A7) ZAaZo] A
gxos Aottt 4719 Aites Wd AyXRZE 2
A Ul YxIsHe Dy** o]2o]A Sm* oj2oz A
g8 53t Dy* o]2o]A Sm* ojeoz oy
Pal=s

=+ §-&(energy transfer efficiency, n)2 Al (1)
Uepa 5

ATt [23].

TR VT

I
n=1-— (1)
0

o4 I= Dy”¢} Sm™ ol2o] S =qd PuA|
A4 Dy* o] 29 W A7joln. 4 Dy* ol 2ol
U = FYRNA Dy ol o] Wy A7]olck.
Y 4t Sm* ole9 £ H& waje] me Dy of
204 Sm” o]eoz oux HY 2&L Uehd A
otk Sm* 029 w1 mol% ) oAl A
282 20%019L, Sm” ol29] Fwst F/kgol uf
e oAl A2 age FAM F/kste FAE U
EPgicy.

T3 5& Dy”e} Sm” ol2o] £m SIWO, ¥
Al el EW P2 SEMOE HYY AMIS Ut

O o=2

L 2

W Zolt}. I 5(@)olA] EX0], SrW045 mol%
Dy* FA| 2Y ZHQo Ha AR 7] 260
nmo|%oy,

ZOFE R4S Hol1 Itk SrwO,:
5 mol% Sm™ LA Byl Lo 27 5(b)of|A
B o],
A 1%.] 5(0) (DollAl B0, Dy* o]29] s%g 5
mol% =z 1A5HY Sm® 0]29 %=EZ 1~15 mol% =z
HotA|A e FEA9 deol =8 527t S/t
of wet A4 AR Bt A7= S7Mshe e U
Efui it
T3 68 A5 N EY9 CIE(Commission
Internationale de L’Eclairage) 1931 A ZIEZE HA|
gt Zlolct. %A 13 2= Dy”¢} Sm* ©]2& 5 mol%
22t g eWa AR A shmolw, 24t 3, 4,
5 62 Dy*" o]2% 5 mol%& 1Ast Sm* o]eo
=e2 1,5 10, 15 mol%z WH3IA]AH FTAsH FLA|
of CIE A stmolc}. Dy* o2 U =gs Ao

©)

S
JEd

C}ol
=
A m RS (0.387, 0.447)°] Mo, Sm* o]Lo]

d

O A3

4 2 5 397

e = -
o © o
J v 1 v 1

Energy Transfer Efficiency (n)
s
T

! ! ! !
1 5 10 15

sm®* Concentration (mol%)
Fig. 4. Energy transfer efficiency from Dy’* to Sm
Sm** concentration in SrtWO,:5 mol% Dy*"x S’

e
N

°* as a function of
 (x = 1~15 mol%).

Fig. 5. SEM surface images of SrWO4 RE** phosphors singly doped
with (@) Dy*', (b) Sm’, and different Sm** concentrations of (c) 1,
(d) 3, (e) 10, and (f) 15 mol% at a fixed 5 mol% Dy*".

o =% FLo= (0.596, 0.403)9] FFAS q
itk 5 mol% Dy**e} 1 mol% Sm*E SA| &

Qo] A #hmi (0.399, 0.443)9] FHAo|glont, S

0]£9] rrt 15 mol%2 S7igh wet Dy* o]g
o] 93t 480 nm A wrato] A|7|7} AltjRlo g =7}
o (0.382, 0.359)9] WM O 2 o] E3HS FESIYCY
a2 7(a)et (b)= 9z AHo] 28517 ¢lsto]
SrWO,4:5 mol% Dy**QF SrW045 mol% Sm** A
=TE 4% polyvinyl alcoholo]] EAMAIF A|RTH &

_._oﬁ—_r.:l‘ﬂ
wroll_ql

ol

],

oF 922 oM ol 28 Wt Al Ho] Alar
eFe 2Ab2 A ol Ak &9 okefol Al u]Ee
wet 254 nme] Abeld W £ARIS O WAL ol
252 UER Zlolth. 13 T4 8o, A &
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D.IO 0:1 O.IZ O.KS 0:4 075 Djﬁ 0:7 0?3
X
Fig. 6. CIE chromaticity diagram of SrWO, phosphor doped
with (1) 5 mol% Dy**, (2) 5 mol% Sm’*, and (3) 1, (4) 5,
(5) 10 and (6) 15 mol% Sm®" at a fixed 5 mol% Dy*".

(a) :ass8294(b)

Fig. 7. (a) The hidden patterns under day light, (b) visualization
of two red and yellow letters ‘Al2} written by red (SrWO,:5
mol% Sm®") and yellow (SrWO4:5 mol% Dy*") security inks,
and (c) letters written on the slide glass and parchment paper
under 254 nm UV lamp, respectively.
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YAz SAE M 2o A Ax=z FRAlStY] &
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