Vol. 17, No. 1
2001 1 CHINESE JOURNAL OF INORGANIC CHEMISTRY Jan.,2001
. 3
NaGdF4: Eu’* VUV
*
( 100871)
s 100037
NaGdF, 950°C
CaF, NaGdF,: Eu’* Gd**
Eu’* NaGdFs: Eu’~ Gd**
4f-5d 177nm
0611.6
(PDP)
50| e
a0l == 4
£ 0 - ==
© —
100% S —
) — }
i i
81 o :
0 7F}; ' e -XS7/2—— —— ﬁy
100% Ev"  Gd" Gd" Gd* Gd" Eu” Eu”
1 Gd**-Eu’*
Gd** Pr*  Tm’* Fig. 1 Energy level diagram of the Gd**-Eu’* system,
[1~3] Wegh Gd3+ showing the possibility of the visible quantum
Gd-Eu** cutting by a two-step energy transfer from
3+ 34+
LiGdF4 [4] Gd to Eu
1 Gd** e
° G, Gd*+ (°Gy— °Py Py —38:,,)
Eu’*
Eu’*
[5] [6]
NaLnF,(Ln =
) NaLnF
2000-09-18 :2000-11-08
No. 29731010 (973 )

29



. 28- 17
Can 7, 81 NaGdF4 Ar
(950°C)
Cak, Eu’* NaGdF;
NaGdF, NaGdF.: Eu**
1
1.1
NaGdF, Eu®* (6,81
4. ONaF (1 - x) Gdy03: xEw05: 10. ONH.HF>: 200H,0 x=0 0.5%
pH 4-~5 240°C 5
NaGdF, 950°C
1.2
X Rigaku D /max 2000 Cu Ko
2
2.1 NaGdF,
2a NaGdF4 100+
X NaGdF;
191 - . 751
P6 3
a=0.603911(6) nm ¢=0.360314 2 s.
(5) nm NaGdF, Ar :E;
950°C X 2P
950°C o
NaGdF, 16 20 30 40 S0 66 70 80
20/(°)
Cak, 2c Cak,
Ri 1 X 2 NaGdF, X (a)240°C
retve (b)950°C (¢)950C
R Rp =0.078, Rw=0.107
Na™ Gd* la((), 0, 0) k- Fig. 2 X-ray powder diffraction patterns of NaGdF,

8c(1/4, 1/4, 1/4)
a=0.55487(1) nm""

2.2 NaGdFs Ed’?
3

obtained by (a)hydrothermal synthesis at
240°C, and after (b)heat treatment in argon
atmosphere at 950°C and (c)heat treatment
in air at 950°C

NaGdFs: Eu®* (0. 5mol% )



1 : NaGdFs: Eu’* vuv - 29-
NaGdF,: Eu’*
273nm  237nm  194nm 3
Gd S. OL °D, 06 B
100 ~ 125nm g
Jorgensen''"!
CaF, 112,131 80 120 . al Sgengthz/ogm 240 280
Gd™  4f-5d 3 NaGdFi: Eu**
NaGdF: Eu’* Fig. 3 Excitation spectra of NaGdFs: Eu’*, obtained
250nm 0~ — Eu’* by (a) hydrothermal synthesis( A, = 616nm),
and after (b)heat treatment at 950°C in Ar
950°C NaGdF,: Eu®* (A =616nm) and (c)heat treatment in
250nm 0 — Eu’* air( A, = 612nm)
F- 0 Gd** 5d
140 ~200nm Xe
(A=172nm) NaGdFs: Eu’* \4A%
Ar NaGdF,: Eu**
Gd** 4f-5d 143nm
2.3 NaGdF: Eu’”
1 Gd** 5 G
G — P, Py — %S, Eu’*
Eu’* Gd** G P
Eu’* F; > Do Do —F
o py 8572 Eu’* TF) > Ds
Eu’* Do ° Dy °D> °Ds TF; Gd**
o 273nm 273nm
100% 273nm  194nm Wegh
4]
Per  _ R Do /°Di 23 ,—R °Do/°Dy 25 o 1
P + P R Do /°Di2s 4 +1
4 194nm (*S7,, — °Gy) 273nm (3S;,, — °1I))
NaGdFs: Eu’*
1 194nm 160%
NaGdF.: Eu’* 5
Dy —F, Dy — T F,
Eu’” CaF»
NaGdF, CakF,



30- 17
350,
701
300 . F ;
v 601 B
250 ;

El ? 3

2 2001 &

N 2

> o=

21501 i g

g ; E

£ 1001 d B
A 3 A «=273nm)|

501
N kl‘/\i «=194nm g
400 450 500 550 600 650 700 750 800 %00 450 500 550 600 650 700 750 800
wavelength / nm wavelength / nm
4 NaGdFs: Eu’~ 5 NaGdF.: Eu’*

Fig. 4 Emission spectra of NaGdFs: Eu’~ Fig. 5 Emission spectrum of NaGdF.: Eu’* after
obtained by hydrothermal synthesis heat treatment (a) hexagonal structure
excited by 273nm and 194nm VU light (Ao =142nm), (b) cubic structure

(A =177nm)
NaGdF, 0
F- Do — TF,
NaGdF,
NaGdF, CakF, NaGdF.: Eu’*
160% NaGdF.: Eu** Dy —TF,

[1] Wegh R. T., Donker H., Meijerink A., Lamminmaki R. J., Holsa J.
[2] Srivastava A. M., Beers W. W. J. Lumin., 1997, 71, 285.
[3] Pappalardo R. J. Lumin., 1976, 14, 159.

Phys. Rev. B, 1997,56(21), 13841.

[4] Wegh Rene T., Donker Harry, Oskam Koenraad D. Meijerink Andries Science, 1999, 283, 663.
[5] Barton C.J., Redman J. D., Strehlow R. A. J. Inorg. Nucl. Chem., 1961, 20, 45.
[6] XUN Xiju-Mei, FENG Shou-Hua, WANG Jun-Suo, XU Ru-Ren Chem. Mater., 1997, 9, 2966.

[7] Thoma R. E., Insley H., Hebert G. M. Inorg. Chem., 1964,5(7),

[8] ZHANG Wen-Tao( ), ZHU Lian-Jie( ), FENG Shou-

Gaodeng Xuexiao Huaxue Xuebao( Chem. J. Chinese Universities)

1222.
Hua ( ), XU Ru-Ren( )
1998,19(12), 1918.

[9] Mahiou R., Arbus A., Cousseins J. C., Fournier M. T. J. Less-Comm. Metals, 1987, 136, 9.

[10]Roy D. M., Roy R. J. Electrochem. Soc., 1964, 111, 421.

[11]Jgrgensen C. K. Modern Aspects of Ligand-Field Theory, North-Holland, Amsterdan, 1971.

[12]Szczurek T., Schlesinger M. Rare Earths Spectroscopy, Jezowska B. -Trebiatowska, Legendziewicz J., Strek W.,

World Scientific: Singapore, 1985, p309.



1 : NaGdFs: Eu®* vuv - 31-

[13]Blasse G. J. Phys. Chem. Solids, 1989,50(1),99.
Structural and VUV Luminescent Properties of NaGdF,: Eu’*

YOU Fang-Tian WANG Ying-Xia LIN Jian-Hua
( State Key Laboratory of Rare Earth Materials Chemistry and Applications, Peking University, Beijing 100871)
TAO Ye
( Beijing Synchrotron Radiation Laboratory, Institute of High Energy Physics, Beijing 100037)

Hexagonal NaGdF.: was prepared by hydrothermal synthesis, which converts to the fluorite
structure by heating at 950°C in air. However, the structure does not change after heat treatment at
950%C in argon atmosphere, indicating that oxygen atoms place a role in the structure transformation.
The Eu’* doped hexagonal NaGdFs shows quantum cutting effect that involves two visible emission
photons for each vacuum ultraviolet photon absorbed. Upon VUV excitation to the ¢ G level of Gd**,

two red photons are emitted by Eu®*

through an efficient two-step energy transfer process. The
quantum efficiency of this material is about 160% . Cubic NaGdFi contains considerable amount of
oxygen impurity, so that the 4f- 5 d transition moves to lower energy (177nm), which fits the energy

of the VUV photons from discharge of inert gas.
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