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Synthesis and Optical spectroscopy of Na;Dyaq-»Eus(WO,); phosphors

Chang Woo Oh

Department of physics and Interdisciplinary Program of Biomedical, Mechanical

& Electrical Engineering

Pukyong National University

Abstract

Na;Dyaq-xEus(WO,); phosphors were synthesized via a solid state reaction
method. The X-ray diffraction (XRD) was used to analyze the structural
characteristics of the Na;Dyaq-Eus(WO,); lattices. The excitation and emission
spectra and decay curves of Na;Dysq.EUsx(WO,); (x = 0.01 ~ 1) were measured
at room temperature. The charge transfer band (CTB) in the wavelength region
200 - 310 nm is observed in the excitation spectra. The excitation lines observed
at 318, 361, 381, 393, 415 and 464 nm are attributed to the "Fo— °H;, 'Fg — °Dy
'Fg = °Ly, 'Fy — °Lg, 'Fo — °D3 and Fy — °D; transitions of Eu®*, respectively. The
excitation lines at 326, 352, 366, 427, 453 and 473 nm are attributed to the ®Hys);
= %P3, ®His; = ®Pyp CHisp — ®Pspy, CHisp — *Guyj ®Hisp = “Iispe and His, —
4Fy,, transitions of Dy3*, respectively. The emission spectra were measured under
excitation at 266 nm (Dy**- O* CT band) and at 280 nm (Eu3*- O? CT band) and
at 393 nm ('Fp — °Lg). The emission lines at 591, 615, 654, and 702 nm are
attributed to the °Dy — “F;, °Dg — ’F5, °Dy — “F3 and °Dgy — ’F4 transition of Eu3*.
The strongest peak at 615 nm is due to the electric dipole *Dy— ’F; transition of
Eu3*. The emission lines at 486, 575 and 665 nm are attributed to the “Fy, —

®H1s/, *Fg2 — ®Hizn and *Fg, — CHiy, transition of Dy3*. The strongest peak at



575 nm is due to the electric dipole #Fg;; — ©Hi3,; transition of Dy3*. The decay
time of the Eu3* emission is estimated to be about 1 ms and that of the Dy3*
emission is estimated to be about 0.5 ms in the Na;Dyaq-4Eus(WO4); phosphor.
No energy transfer occurs between Eu3* and Dy3* ions under excitation at the CT
bands of Eu3* or Dy3**. The luminescence intensity increases with Eu3*
concentration up to 70 mol%. No energy transfer occurs between Dy3* and Eu**

ions in the full Eu** concentration range of 0.1 — 50 mol%.
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Eu3* mol% Na,COs Dy,0; WO, Eu,03
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5 0.1391 0.4611 2.1310 0.02287

10 0.1391 0.4368 2.1310 0.04575

50 0.1391 0.2426 2.1310 0.22877
70 0.1391 0.1456 2.1310 0.32028
100 0.1391 0 2.1310 0.45755
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Lamp housing and Powersupply 7. Excitation/Emissions optics

Adjustable slits 8. Cuvette holder

Excitation Monochromators 9. Excitation Correction
Sample Compartment 10. Emission port shutter
Baffle 11. Emission Monochromators
Filter holder 12. PMT detectors
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4. 21t 5 =9

4.1 Na,Dysq0Eusn(WO,); EZH O] TGA U DTA =

ZA7l d4ast 4oz EOZEICH 510 ~ 600 °Co| Hzl= CO2| 53tz QI

o AT LA 2HoR HOCL AIKEEA

JI—J

MO|A{= 105, 600 1
2|1 800 °C OAM 374e] EEuA7t EO0|= O Ol & &2 Y,
CO.9| &3t0f siEstn 800 °C O|M Alz7t ekl E8H0 siEdt=

Ho2 HO{ZFICt
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H,0
=l DTA
- -4 12.6
TGA
=4 124
S E Y LossHO
=4 12.2
 lossco,
L —412.0
Phase transformation
1 . 1 , 1 0 1 ) 1
0 200 400 600 800 1000
Temperature (°C)
:].EDI 6. Nasz4(1_x)Eu4x(WO4)7 %%I'X‘”_O_I TGA, DTA ﬁr'ﬁ“E_'_rl:-ll

20

TGA (mg)



4.2 NayDys-Eus(WQOy);

o_T'_
oo

= AFoME Eu*r 0|20

Eu**9| 5=+ 1, 5 10, 50,70, 100 mol% O|QIC}. O] A|Z=2| XRD

2 20 =10 ~ 70° RZHOAM HHSIGCE O

Mol XRD AHEZS LIERH Z40[Ch. XRD
30-1188)Qt 1 IHEHO| YX|EHS & 4= UrCt
2HE|0] NaDy,(WO4); 280l & &A1

U HS T BOFEL B 0|29 SES
xo| Wspt 928 ¥ 4 ULk
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Intensity
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U SR

\ r Eu®* 70 mol%

Eu® 50 mol%

3+ 0,
A JOh J\_A__/\ A_‘—_)LAEU 10 mol%

Eu® 5 mol%

3+ 0,
A o JH\_A_J JN A Eu™ 1 mol%

H o H. L v byl PDRI0ISE

10 20 30 40 50 60 70
2-Theta (degree)

a3 7. NaDysawEus (WO4); H&X|2| XRD AHE .
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4.3 NayDysq-»Eusn(WO4); dEX2| o7 Sl Hi= AHEH

gl 82 Na;Dyasa-»Eua(WO,); 50 mol% d&X<ol o7 U dE A

&

EHE UEH AOITh 07| AHEZH2 615 nm (Eu’", °Dy — "F) A&

o

£HESE0 200 ~ 500 nm77kR| ZFSHLE 225 ~ 310 nmAYO|A H2

[

7t BEEAD MES| FHE 285 nmoO|Ch O] A2 Eu**et Dy*o| FH

2 UMD A= 0% 0|21 Eu’*, Dy** AtO]Q] FSHHEO| 2fgt Z{0|Ct.

—

We*et O O|2At0|Q| FStHE HEE= 2 AF0M= &Y +

— == 1

e
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D, MO|Z EOZXICt 0] & 393 nmE "Fy — °Lg MO|O| A Z$H ATt

n
m
ok
or

LESE Dyt 0| 22| To|of siEdt= HAQl 326 nm °Hisp — °Psp, 352
nme ®Hisp = °Pyp 366 nm ®Hisp — ®Psp, 427 nme ®His — ‘G,
453 nmE °Hisp — “lisp 473 nme °His, — *Fo, HO|2 EO{RICt HE
AMHEHLS 280 nm, 393 nm=E ZtZt 47| S5t 500 ~ 750 nm7tX| &35}

QIC Eu®* 0|29 m|=AQl 591 nme °Dy — 'F;, 615 nme= °Dy — ’F,, 654
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Intensity (arb.units)

(b)

Intensity(arb.units)

A =615nm
35 | em
| Eu® 1mol% CF 5L
—— Eu® 5mol% oo
30 - Eu® 10mol%
r Eu’®* 50mol% ,
25 | —— Eu®" 70mol% “‘
| Eu®" 100mol%
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HE 2. Na;DysaEus(WO,); H&K|e] 67| HO| (Eu??

Transition Wavelength (nm) Energy (cm™)
"Fg — 5H, 318 31446
"Fg — 5Dy 361 27700
7Fy — 5L, 382 26178
7FO — 5'—6 393 25445
7Fo — 5Ds 415 24154
7F, — 5D, 464 21551

H 3. Na;DysqEus(WO.); HE K2 07| 0| (Dy**)

Transition Wavelength (nm) Energy (cm™)
*Hisjz = P 326 30674
®Hiso — ®P7s2 352 28409
®Hisi2 = ®Psy 366 27322
®His;, = *Gi1p 427 23419
®His;, = “Iis) 453 22075
®His;, — *Fop2 473 21141
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a3 10, 33 11, 3dz2[/1 33 12 NaDysaEun(WO.); &ML
Eu'r 5= B30 M2 BE AWMEMOICE O3 102 'F — °LOf siEst
£ 393 nmZ 0{7| &0 & 112 Eu* - OF Mo M #MEo| of8st
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oF A O (@)
2+ ULk 7

-
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mjo
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—
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(@)

Intensity(arb.units)

(b)

Intensity (arb.units)

[ Ao, = 393nm
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14 A, =280 nm o
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12 - —— Eu* 5mol% 7
g Il —— Eu® 10mol%
2/ Eu®* 50mol%
s 10 3
5 | —— Eu™ 70mol%
o Eu® 100mol%
c 8r
N—
> L
g 6L h
‘ =
[ - = | 8
= < | =
= = z
eTN TN
J;LE
N
1 1 " 1 1
500 550 600 650 700
Wavelength (nm)
(b)
A =280 nm
eX <« 5D0—>7F2(Eu)
8 -
— *Fgro—>°H13150y) —
%)
=
c
S 6 3+ 3+
35 Eu® 50 % Dy*" 50%
3
N—r
PSR ) UV e
‘? 4= 3+ 3+
%) Eu® 10 % Dy** 90%
qc') A,
E - i\ oV "
- i A A A~ A A Ay
D e S = = A
Eu* 5 % Dy** 95%
0 Mw
1 1 1 1

500 550

gl 11 Na,Dyaq-»EUax(WO4); HaH O B s

600 650
Wavelength (nm)

750

AHE. A, = 280 nmOjl A 0{7|30] =7,

@@ Eut M 55 AHEH (b)Eu* 59

31



Intensity (arb. units)

()

Intensity (arb. units)

35
A, =266 nm
Eu® 1mol%
30 - 3+
| — Eu” 5mol% «—°Dy—"F,(Eu)
Eu®" 10mol%
25 Eu® 50mol%
F—— Eu® 70mol%
20 =~
Q
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15 |- Ny
- = w
5) 1
or S g .- g &3
5 «“f’ mot us} K S
‘A 3 o W4
WA “ 4 o
o0 k s < .
450 500 550 600 650 700 750
Wavelength (nm)
5 A, =266 nm
*Fora—H1312 (0N, |
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2 L - - — N - o
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Wavelength(nm)
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3 i 3 i o
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H 4. NaDyasa-Eus(WOs); &Nl gt=E Ho| (Eu®)

Transition Wavelength (nm) Energy (cm™)
Dy — 'F, 591 16920
SDO - 7F2 615 16260
5Do - 7F3 654 15290
Dy — "F4 702 14245

H 5. NazDysq Eusn(WO,); E&H e = FO| (Dy3+)

Transition Wavelength (nm) Energy (cm™)
g, — SHys) 486 20576
4Fg, = SHisp 575 17391
*For2 = ®Hu1p 665 15037
4Fq/, — Hop 690 14492
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Energy (x 103cm™1)
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T8 155 NayDysqoEun(WO,); H&H Q| Eu’r HEMZIE LIEHA 1
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Intensity (arb. units)

T2 15. NazDysqEusn(WO,); F&H| Q| Eul IEo| HEA 7.

Intensity(arb. units)

gl 1e. Na;Dyaa-9EUs(WO4); 22K 2 Dy3+EPé*9l A& M 7).
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4.4 NayDysqEus(WO,); KN 2| =HAIZE

—

8 172 266 nm 2 O 7[3F NayDysa.Eus(WO,); &K 2 E* =

L H3to| mE 575 nm (4F9/2 - 6H13/2 HMol)o| & ZLaf=MO|Ct E 6

2 NayDysqEusn(WO.); EHQ| Ev’r s=0 ME dE FHAHS &F

_(')_l-O:I L—|'E|'|;ﬂ|:|'. EU3+ %Ejf %7|'_6EI'—J|\—§ 575 nm (4F9/2 - 6H13/2 .onl)_o_l ".Ei

g 82 G20ttt 50 mol%FH H&+F0| 243 HL0ts A2=
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L =266nm| — Eu”1mol% Dy* 99 mol%
1r e —— Eu*5mol% Dy* 95 mol%
r A_=575nm " .
em —— Eu* 10 mol% Dy** 90 mol%
> —— Eu* 50 mol% Dy*" 50 mol%
£
>S5
g
S o1 W,
>
f i L ‘E”“‘;‘M‘H‘v\
g il
Tl
= ! ” "\W ‘M"“W‘WN‘M-""“"‘\"WWM MM“MM‘
0.01 J"
[
|
|
1 1 1
0.0 1.0m 2.0m 3.0m

Decay time (ms)

a3 17. 266 nm Of7|0f| 2|3t NayDysqEusn(WOs); &K Q| Eu’r 9

Dy** =0 2 *Fg, — ®Hizp MO|Q| A ZAZA.
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H 6. 266 nm 0{7|0] 2|5t Na;DysqyEus(WO,); FEAH Q| Eu’ 8 Dy** =

SO 2 Fgp — ®Hisp MO|Q] HE THAIZL

(Aexc = 266 NnM, Amon = 575 nm)

Eusk (mol%) DysL (mol%) T (ms)
1 99 0.50
5 95 0.49
10 90 0.48
50 50 0.04
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12 182 266 nm2 07| NaDysuoEus(WOs); HRHK Q| Eu* 9l Dy*

ST B30 [E 615 nm (PDy — F, MO0|)9| & ZzMo|Ct B 72
NaDysq1nEusn(WO,); HEHC| Eu¥* 50 2 & $HAIZLS 5™

O LIEHMLE Eu** S=7F S7tE45E 615 nm (Do — 'F, TO)2| A& =+
Y2 SIISICEZE 100 mol%O|Al d&+30| Z2dts A= LERRICE

Ol Eu* 5EO| Z7M0) M2 SEAFY HAO HOR ¥ & YTt
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——Eu* 1mol% Dy* 99 mol%
——Eu*5mol% Dy* 95 mol%
——Eu* 10 mol% Dy 90 mol%
—— Eu* 50 mol% Dy* 50 mol%
—— Eu* 70 mol% Dy* 30 mol%
—— Eu® 100 mol% Dy* 0 mol%

i) ’«m‘w‘w\w .
R

o

)

il

| wmwMMWMWWWW WW MW

i

Intensity (arb. units)
o
=

lex =266 nm
A= 615 nm

1.0m 2.0m 3.0m 4.0m

Decay time (ms)

112 18.266 nm 017|0f ©|3F NaDyauoEus(WO,); HEH O] Eu** 9 Dy**

SE0| D2 Dy 7F, OO HH L4TM.
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7. 266 nm 0{7|0] O[3t Na;Dysu.,Eusn(WO), HEH|Q| B> X Dy’*is
20| M2 Dy 7F, O[O HF S YAIZ

o o

(Aexc = 266 NM, Amon = 615 nm)

EusT (mol%) DysL (mol%) T (ms)
1 99 0.14
5 95 0.23
10 90 1.38
50 50 141
70 30 2.28
100 0 0.25
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o
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M
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—
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oM 7t Zsot O3 E EQUCE Dy*of oot HE AHEZZ2 266 nmE
0 7|5t Dy** O| 22| “Fg — ®Hisp, *Forz — ®Hizz *Forp — ®Huyp HO|I{3
7b LIEtLHE A2 =I5} 575 nmQ| *Fg, — °Hyzpp TOIOA 74E Z
ot O3 & 2t

Na,Dyaa-»Eus(WO4); HAZH O Eudt O|29 sZ7t FIte+E Eu

OEoME GE8M71 9A 22 HIER

ol

7FStX|2E Dy** ol A& Al7|
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