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ABSTRACT Eu3+ doped luminescent nano–materials have become a research focus due to their
outstanding physical and chemical properties in light–emitting, magnetism, thermology, catalysis and
chemical activity etc.. Furthermore, the relationship between crystal structure and energy levels tran-
sition of these nano–materials can be easily obtained by measuring the spectra of doped Eu3+. Among
luminescence nano–materials, ZrO2 nano–crystal as a potential one has been attracted great attention
in its higher refractive, good optical transparency and relatively low phonon energy. By now certain
materials doped RE ion in the matrix ZrO2 for ZrO2�Er3+–Y3+, ZrO2�Pr3+ and ZrO2�(Pr3+, Sm3+)
etc., and mesoporous ZrO2 nano–crystals doped Eu3+ by hydrothermal way have been reported. In
present study, the ZrO2�Eu3+ nano–crystal was prepared with high purity and uniform composition
by ion exchange method using strong OH− as a precipitant. Its composition, morphology and structure
were characterized by XRD, TEM, HRTEM and EDS. The experimental results show that it has a
tetragonal crystal structure and its average grain size is 5—20 nm after calcined at 800 	. It is found
that the microstructure of ZrO2�Eu3+ changes slightly with the increase of calcining temperature till
a small amount of monoclinic phase forms after calcined at higher than 900 	. The luminescent
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properties of Eu3+ in the ZrO2 nano–crystal were measured by 3D emission and excitation spectra. The
characteristic emission bands of 590 nm (5D0 →

7F1) and 606 nm (5D0 →
7F2) of Eu3+ were observed

at an excitation spectrum of λex=394 nm. The luminescent properties of ZrO2�Eu3+ are very sensitive
to its microstructure change since slight changes in the ZrO2�Eu3+ microstructure cause the changes
in the shape and intensity of its emission spectra.
KEY WORDS ZrO2�Eu3+ nanocrystal, ion exchange method, luminescence property

RE R�?Fw� II—VI ��p��{4
IL�^�B�disp{#}70-�w�ip� [1,2]. 70
4f6 ��w Eu3+ �yo1k/w([, �W Eu3+ w'LL"�BF��:��
wA,℄,��BY
w�NFH, �[�M, Eu3+ ?Fw�L4
ÆqFv�3wB� [3−7]. ZrO2 706wN[n�\XwL{#�p℄i{;�p, M!#,I�_�Z4*, ��67��.f%;4
{#} [8,9], ZrO2 70�|w℄��_,�3�L4
, �F��V�Ljh70�6w_�dn,O3�l_0.[w�L#f4
. � ZrO2 3xfw? RE R�w�{�L4
�0�s, XJ, 5%℄o�* [10] ,i{�J��d�a?K Er3+–Y3+ w ZrO2�{,, ,�3au7vow�[T`; j&L{ [11] d�a�{, ZrO2�Pr3+ ℄ ZrO2�(Pr3+, Sm3+); �t�{ [12] W,�B�d�a Eu3+ 
G2�{#H ZrO2,�; jq4{ [13] d�a�{ ZrO2�Eu3+, ,�3a*t7�� ZrO2 �{4
j Eu3+ �Lw([. )IPed�#��Cuu�u�w�{/Z, n�uu℄�6�O)<C�=)(5w? RE R�w�{�L/Z,lu1S>���v|7	�wd�#�. �8�sa�0�p�R��o�Xjw OH− 3J��, W,R��o�d�a℄�&C6w ZrO2�Eu3+ �{,�L4
,,�3a'�B8�Lpf.

1 5���
1.1 ZrO2�Eu

3+ 31*�G�h�,v�3 Zr(NO3)4·5H2O (A.R), Eu2O3 (℄� 99.99%) ℄0�p�R��o�X. �r_ Eu2O3,UW_w HNO3 I 
, 
B=W�3w HNO3, 
K=R���O 0.1 mol·L−1 w Eu(NO3)3 I�. M<��_ Zr(NO3)4·5H2O I2�j, � Eu3+ ?F_)(3 ZrO2 w 0.5%, 1.0%, 2.0%, 4.0%, 6.0%, 8.0%,

10% ℄ 12%(��)�) {0!� 
K 0.1 mol·L−1 w
Eu(NO3)3 I�, }K�}EÆ�
, u9��e
)�
K 4 g 0�p�R��o�X, �{�Xj OH− q�8 NO−

3 �o�(KI�, I�jw�R�8�oOMw
OH− �_�#, _OY#w2�i�I�. o�#hr��e

J	)R�X℄I�, ,�I�Li
Wo, ,�℄=��[G~
, 2 80 �waZj2Jur-;�.�-;�*�, )(2 600, 700, 800, 900 ℄ 1000 �O�W 2 h 
d�V�P*�x ZrO2�Eu3+ 
�.

1.2 ZrO2�Eu
3+ 31*��E7, D8–Advancei X[W�[� (XRD, CuKα)���w�Y�O(m'T, �} 40 kV, �l 40 mA,O~ 1 10◦—80◦, O~	n 3◦/min; W, JEM–2010i6)$#[��R/0 (HRTEM) H=
�wks℄/H�Z, 
	�}3 200 kV, j,����U
�<_. d
e, P�
��J, )NI=��[jF℄YT,��uw|�}I Cu -T, 2J
$r
��T, SQG
H=, !eW,�" (EDS) :_
�i{O); ,

F–4500 i'LL"�:v
�w�Lp�. 3D 'LL"w:v��JO: 150 W w Xe x3{�;, O~	n 3×104 nm/min, {�℄�[L" 1<I 200—

800 nm Y
, K[℄V[M,3 5.0 nm, L��KI�} 400 V. {�L"℄�[L"w:v��JO: !
w{�L;℄L��KI�}, K[℄V[M,3 2.5 nm,O~	n 1.2×103 nm/min, {�℄�[L" 1=6u�?�, �0:_<Iu7O(m.
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�w�[+<��#Y�Bw�T+ 30.10◦(101)t, 34.05◦ (200)t, 35.26◦ (011)t, 50.05◦

(211)t, 50.85◦ (002)t, 59.35◦ (101)t L-p, ��
�
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Fig.1 XRD patterns for pure ZrO2 after calcined at 800
 (a) and ZrO2�Eu3+ nanocrystal after calcined at

600 
 (b), 800 
 (c), 900 
 (d) and 1000 
 (e)



� 2 # Q Cy : P~�m�b� ZrO2�Eu3+ 	y*}%�J�n 181���#YwkmeI, 8S�%y�[> JCPDS 17–

0923 x�:^; �- 900 ℄ 1000 ��W
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�WT}�#Y�[++, I
24.10◦ (110)m, 28.40◦ (1̄11)m � 31.00◦ (111)m VTamgY�[+, ��`e
��B��#Y3s, ,VTaY_mgY, 1 1000 ��W
mgY�[+0�K0. /$jRn, ℄ ZrO2 I 800 ��W ($ 1a) e, W�#Y+, lVTamgY�[+, �� Eu3+ � ZrO2xfw�#,Y)r;��,, P88U [14] �u�p�`.

2.2 TEM �<$ 2a 3- 600 ��W
 ZrO2�Eu3+ �{,w TEM ^. F�, �{,CZ<C)N, P#iCZ, Rg3 5—20 nm. $ 2b 3 ZrO2�Eu3+ 
�w
HRTEM ^℄Y#w Fourier #o$. F�, ,8�dU(, :uw,8
8>3 0.295 nm, P8 ZrO2 %y>�
(JCP) j [101] _E#_w,8
8�`, ��,Z�{

: 2 ZrO2�4%Eu3+ 
z+v TEM ~ HRTEM ℄
Fig.2 TEM (a) and HRTEM (b) images of ZrO2�4%Eu3+

nanocrystal after calcined at 600 
 (the insert in

Fig.2b is the Fourier transformation of the area sur-

rounoled by the square in Fig.2b)

ZrO2 w [101] ,}_E, 8 Fourier #o� XRD �[�UY:^./ EDS )B ($ 3) F�BV, 
�ws�O)q
Zr ℄ O 9�, 'a3 Eu 9� ($j C ℄ Cu )(M�2:vjw C �℄ Cu -). /`F(�2V�: �R��o�d�w
�3℄�&C6w? Eu3+ w ZrO2 �{,.

2.3 �!?H�<$ 4 3- 700 ��W
 ZrO2�Eu �{,w 3D 'LL" (x p3�[L".E#i 1, y p3{�L".E#i 1, z p3'L0�). /$j%Vw|�_0w'L:�#2 x pw 590 ℄ 606 nm Y, )(3 Eu3+w 5D0 →
7F1 ℄ 5D0 →

7F2 ��A,, 1P℄Y|�x�Y!, ��I�{,j Eu3+ w	��:.E3 590 v
606 nm; 'L:!e�#2 y pw 247 ℄ 394 nm, 6`F)�I ZrO2 xfj, �ur Eu3+ w	��[L",F�I 247 v 394 nm .EL{�O:�. =6 3D 'LL")(:�- 700 ��W
w ZrO2�Eu3+ �{,w{�℄�[L", J$ 5 �n. I 247 nm YVTw{�kq/2 Eu→O Y
w�Z,��,, ��
 O2− w
2p Nsv�r Eu3+ w 4f Ns�_a�:{�k, �w�_<:2 O2− w�pA. `+, / Eu3+ w f→f A,wMW+BO, '	0+52 394 nm Y, �#2 Eu3+

: 3 ZrO2�4%Eu3+ 
z+v EDS (A
Fig.3 EDS analysis of ZrO2�4%Eu3+ nanocrystal

: 4 ZrO2�6%Eu3+ 
z+v 3D &KK!
Fig.4 3D fluorescence spectra of spheric ZrO2�6%Eu3+

nanocrystal after calcined at 700 
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Fig.5 Excitation and emission spectra of ZrO2�6%Eu3+

nanocrystal after calcined at 700 
w 7F0 →
5L6 ��A,, ��
�, I.E3 394 nm Lw{�O, I 590 ℄ 606 nm Y<FH=rRtw�[k. /`F�, {�℄�[L"8 3D 'LL"�u�p&C:^.$ 6 RnI0!7�Od�w Eu3+ ?F_3 6.0%w ZrO2 �{,�[L". F�_4X�Br: <
�w�[<VTaY#wKk+, Eu3+ w 5D0 →

7F1 ℄
5D0 →

7F2 �[kw0�I 600—800�Y
�{7�a6�K0. I Eu3+ w�[L"j, 5D0 →
7F1 wA,s�q^pDvw (^�|A,), � 5D0 →

7F2 q^It0��jhw|�M��O5VTw6h��0dpw��|A,. �`, 0� X I(5D0 →
7F1)/I(5D0 →

7F2)F�3`_ Eu3+ �Mp6|w0d8�, 0� X℄?j, '�Mp?6. /$F�, �W7�?6, ?F Eu3+w5��Mp?6. �W� XRD w�3ur, 600—

800 �e�{7�wa6, �#Yw�[+L-p, ��Mp�
B7�a6�
0, Pqp` 800 ��WYTw
�w I(5D0 →
7F1)/I(5D0 →

7F2) 0� X	jw:�. oA, �7�a6, Æxwa

q�[0��7�Ta�K0w:�. o�W7�3 900 ℄ 1000 �e, 5D0 →
7F1 ℄ 5D0 →

7F2 �[kw0�O�, 1
I(5D0 →

7F1)/I(5D0 →
7F2) w ℄�Y�|, ��

Eu3+ �L6w5��Mp0��|, P8 XRD "Rnw
 900 ��l0mgYVTw�U ($ 1d) �`. `+, I 900 ℄ 1000 �e�# Eu3+ w 5D0 →
7F2 A,�_"W�e, I 612 nm Y1VTa�[+, Chen{ [15] G3: ℄:�[+wVTq/20!5aw�LjhY20!w,Aj�!)w, Chen { [16] Ih�j
H=r Eu3+ w 5D0 →

7F2 A,�[w℄:�[, G3 606 nm w�[+84
wY�B0F, �#Yw�[+52 606 nmY, mgYw�[+52 612 nmY, P:
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Fig.6 Emission spectra of ZrO2�6%Eu3+ nanocrystals at

different calcining temperatures
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Fig.7 Dependence of luminescence intensity of 5D0 →
7F1

and 5D0 →
7F2 transitions of Eu3+ on Eu3+ doped

molar fraction x for ZrO2�xEu3+ nanocrystal (exci-

tation wavelength λex=394 nm) s8�h��U�`, �� ZrO2�Eu3+ �{,w�Lpf�'�B&C�4, 1 ZrO2 �{,w�#Y0W2
Eu3+ �L.$ 7 nVa 800 ��W
 ZrO2�xEu3+ (x=0.5%,

1.0%, 2.0%, 4.0%, 6.0%, 8.0%, 10% ℄ 12%) e�{,w�[L" 5D0 →
7F1 ℄ 5D0 →

7F2 A,0�w#i
({�L.E3 394 nm). 
$F�BV, ZrO2�xEu3+�{,I x=8.0%ePT	j�L0�, J`jw����℄wO�F�q, I ZrO2�Eu3+ �{,Zj, �Ljhw�_�RZ�y!!([4V2m:�{,�. �`,8?Fw�I4
Y , /?F Eu3+ �{4
w����Pa6wT`F)�: Rgb1<Cw,Zr(�2�6����.

3 (.
(1) �0�p�R��o�Xjw OH− 3J��,
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.

(2) XRD �UV�, I 800 ��O�W�u
�3�#Y, I 900 ��TVTaY_mgY, Eu3+ � ZrO2xfw�#Y)r;��,.

(3) TEM � HRTEM �URn, 
�Z�3[1
5—20 nm #iCZ, )1<C, ,Z� ZrO2 w (101),}_E.

(4) I 394 nm .ELw{�OH=r�{ ZrO2 j
Eu3+ w 590 nm (5D0 →

7F1) ℄ 606 nm (5D0 →
7F2)�T�[", I 600—800 ��W
, '0��{7�a6�K0, /2VTaY_mgY, 900 ��T ZrO2 j

Eu3+ w�T�["0�O�, !e 5D0 →
7F2 A,�_"W�e, VTa 606 ℄ 612 nm �[", ���#Y�B ZrO2 0W2 Eu3+ �L.�+;=
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[14] Li X M, Lü S C, Liu J X. Chin J Lumin, 2005; 26: 220

(Us�, m~H, i%K. �Kz�, 2005; 26: 220)

[15] Chen W, Joly A G, Kowalchuk C M, Malm J, Huang Y.

J Phys Chem, 2002; 106B: 7034

[16] Chen L M, Liu Y N, Li Y D. J Alloys Compd, 2004; 381:

266


