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Abstract − Eu doped Y2O3 nanoparticles were prepared with the solvothermal synthesis using ethylenediamine solvent at

200oC for 1-5 h and then annealed in air at from 1,000oC to 1,400 for 2-4 h. The X-ray diffraction pattern of the crystals

annealed at 1,000oC for 2 h could be indexed as pure cubic cell of Y2O3 with the lattice parameter a=10.6029 Å which is very

close to the reported value (JCPDS Card File 41-1105, a=10.6041 Å). Average sizes of prepared phosphor particles had about
100 nm, size and spherical morphology. The phosphor particle size decreased and the emission intensity increased as the

annealing temperature increased. Through PL spectrum analysis, the 3% Eu doped Y2−xO3:Eux
3+(x=0.06) phosphor showed the

excitation spectrum at 250 nm wavelength and the maximum emission spectrum appeared at 611nm wavelength.
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/01  !�[1]. Eu �2� '3 4 Y2O35  6'7 89 :. ��

� ;<�� ��  !�=, >� �015 &?.@ 
A� ,�B C

�=, D
� )*(. E� F�� �,� GHIJ K !9 LM. &

)�� NOPQ�	 9R�� S�T )*( �U�@   VW� X

Y5 Z[ \I H�0 �T )*(� ]^ /01  !�[2]. _K�

)*( ��
 `a� b97 �c� b9	 de, `fg �^  �)

	 h�)iB �j- Y=,  ,�kl  VW� ��5 Z[H�5

m
 b97 �)h�B �n )*(B oX� ��[3-4]. pq b9	

h�(h�	 �r� <100 nm)5 *A�, &9�, ����� s
 VW

� ptu�  vwj !�[5, 6]. pq b9	 xy�
 Vl�� NO

PQ� )*(p z
 {9 .|��	 Z[ }] NOPQ�. ~x

�� f0�� ��  !�=, pq b9	 Y2O3:Eu )*(5 h� b

9� GH�. �� �� Vl� ��Y9 LM. NOPQ��	 �

0� b� 984�[7, 8]. pq a�� �<� ��Y9 ��@ �� K

�� ,� e,�, �-�, ���, �H���, Ke��� �
 ���

� ��1" ��[9-14].

�����, )*(5  ���� ��1= )*(	 b9B K µm
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§� �m�� ª� «
 h�b9 ,¬B �n pq h��� ��I

­5 �. ® �� �¯� !�= �¡ °�± ¨� :	 Yp�  %

`a ,²� ��Y9�� 
A� ¨��� �¡ 981  !�[15].

R ��5 1990�8 �³. pq h�b9	 ́ µ�p�¶ ·e	 �

U��. 8� ��� ��¸ n¹1  !5 0$e���[16-23]� �

0Y{ Y2O3:Eux
3+ )*( ��. 'h���º 9» )*( ���l

5 �¼ °�± ���� �0Y{ �-� �l5 ½^ ¾� ¿ ��À

� Á��U� �0Y{ EÂ� �Ã� ¨�� Ä� h�	 b9B 8

Å 100 nm� `ah�B ��YÆ�. Ç��� Y2O3. '3�� Eu�

3 mol%�  <IÈ[24] Y2O3:Eux
3+ �T)*(	 0$e ��2' �

e£^ 2'7 I�. �¼ )*( ��� ��YÆ�.

2. � �

R ��.@ /0� Á��U
 UD�ÉÊ [Y(NO3)3Ë6H2O Aldrich,

99.9%], UDF�Ì [Eu(NO3)3Ë5H2O Aldrich, 99.9%] � .ÍÎNÏÐ

[H2NCH2CH2NH2, Junsei, 99%]��. UD�ÉÊ �<Ñ 0.001 moll

Y2-xO3:Eux
3+	 
AÒ. 	ÓY{ F�Ô	 �� 3 mol%�  <Y{,

<Ñ ³ 100 ml	 0�	 ÕÖ× 09. ØØ	 ��À� Ù  .ÍÎ

NÏÐ� 09	 90%. �ÚY5 �� 90 mlB Ù
 ³ 10,�Ñ Û

Ü¸ Â�YÆ�. ÕÖ× 09B  ?�f9. ¡ÝY  200oC.@ Ø

Ø 1I�.@ 5I� ¢; �fIÞ�. �f ßy ³ 500 ml E�à.

400 ml��KB Ù  Â�� �á, K I� ¨â ³ �ã ä� å^ 

�æ,^9B �0Y{ 3� <' ��K� aç� ³ .Ívè� aç

Y{ �æ,^YÆ�. ,^4 �&�
 85oC.@ Yé�� ê�IÞ�.

ê�4 ëT	 ,²� ØØ 1,000-1,400oC.@ 2-4I� �Ñ 89 :

.@ e£^B YÆ�. Fig. 1. ��	 ìí¨�� ptîï�.

��4 h�	 �<�l e£^ 2'	 ð
. �¼ �<�� vÏñ

9 �� XRD, RINT 2000 wide-angle goniometer 40 kV/40 mB �0

Y{ Cu Kα radiation(λ=1.54178 Å)Y.@ 10o-80o ò�� XRD ,ó

� YÆ�. h�	 )iB vÏñ9 �� FE-SEM(field emission scanning

electron micrograph, S-4300, Hitachi) ôõ� YÆ�. )*(	 �* �

�� vÏñ9 ��@ PL(photoluminescence) ¡EB �0Y{ {9O

öÉ÷l �*OöÉ÷� ,óYÆ�. h�	 Z¦/�øB vÏñ9

�� Zetasizer 3000 HS, MalvernB �0Y{ ,óYÆ�.

3. �� 	 
�

�fI�l e£^ 2'	 ��. �¼ h�	 �<
B vÏñ9 �

�@ 1,000oC-1,400oC/� 2I�-4I� �Ñ e£^B Y{ Xù �ú

,ó� YÆ�. Fig. 2(a, b)	 Xù �ú ,ó �lB ñ� e£^ �&

. Ó	 �<)�ï�p (222)�.@ ûb� `aY� ptü�. 0$

e ��� ÄY{ �<�� ̀ ý� Y2O3�� )�þ� v K !ï , �

�I�� ÿ"�� �<�� �H �� YÆ�. Fig. 2(c)5 1,000oC.

@ 2I�¢; e£^YÆ� L Çûb� (222)�, (400)�, (440)�, (622)

�	 }�� ptü�. 1,000oC.@ 2I�¢; e£^YÆ� L	 �

� �K a=10.6029 Å�=, ��
 JCPDS Card File 41-1105, a=10.6041 Å

7 Ó	 �/� ¾� pt�5� ��� �l5 1,000oC.@ 2I� ¢

; e£^ I �K� ���(cubic phase)	 �<�� )�1ïá� p

tu�[15]. Fig. 2(d, e, f)	 Xù �ú }� ,ó �l, e£^ 2'�

1,200, 1,300, 1,400oC� ���. �� ��4 Y2O3	 �<�� ��

YÆ�. R ìí� Ä� D
 �ÉÊ	 )�. 8� �k� �f 	à


�� �
� � L Á��U� UD�ÉÊl .ÍÎNÏÐ� �2.

@ Â�YÆ� L �2
4 Y3+ �2
 Û� ��� �n .ÍÎNÏ

Ð	 JQ�É(chelate)7 �fY{ d���� Y  �8��� ;<�

Y(HN(CH3)2)
3+ d�
��� )���. �f IO�.@ 2'� ��

�. ��@ ��(	 ;<�
 GHY� 4�. ��� d� 
���

�� ¯���� Y3+ �2� �"��� 0äî	 Y3+ �2	 �'�

��Y� 4�. ��� 0ä :	 Y3+ �2	 �'5 & �f.@ �f

�'B Vl��� �úY  ¢�� I�.@	 �fl �<
� �k

�n�[25]. ��� Y3+ �2	 Á��U� Y(NO3)3Ë 6H2Ol .ÍÎ

NÏÐ. HÑ ¬�1"!5 H2O7 �fY{ �K,�B ��È

Y(OH)3B )�Y5 ��� �
4�. �8���  ?�f9	  ?


���	 �<
. Vl��� m0��. ��4 &�(B 1,000oC.

@ 2I� ¢; e£^l<� Ä� �K� ���(cubic phase)� Y2O3

	 �<� ��YÆ�. &(�� �f.@ .ÍÎNÏÐ	 ��
 �K

� pq �< �¡	 :X� ��� Y� 1  0$�@ �� Ï
�

9R�� ̂ �¶(ligand)� &(	 0$e��.@ ����� �f. �

{Y= N-JQ�É ^�¶(N-chelate ligind)� .ÍÎNÏÐ
 �� �

2l ;<� �P�O(complex)� )�1^� �
4�[26].

Fig. 3.@5 ��4 Y2-xO3:Eux
3+(x=0.06) )*(	 h� )iB vÏ

Fig. 1. Flow chart for the sample preparation of Y2O3:Eu3+ red phosphors.

Fig. 2. XRD spectra of Y2O3:Eu3+ phosphors; solvothermal synthesis at
200oC for 1 h (a), at 200oC for 5 h (b), annealed in air at 1,000oC
(c), annealed in air at 1,200oC (d), annealed in air at 1,300oC
(e) and annealed in air at 1,400oC (f).
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ñ9 �� FE-SEM(field emission scanning electron micrograph) ôõ

� YÆ�. Fig. 3(a)5 200oC.@ 1I�¢; �fIÞ� L	 h� )

i��. h�	  �
 �� �	 )i� 8Å �!
 150 nm�  ÿ

�5 600 nm�ï�=. Fig. 3(b)5 200oC.@ 3I� �f IÞ� L �

�4 Y2-xO3:Eux
3+(x=0.06) )*( h�	 )i5 �)� "  FE-SEM	

dW� 2� d� ��IÈ ôõ� �l 8Å 100 nm <'	 h�b9

B pt��. {9.@ �fI�. �¼ h�	 �¡
 �fI�	 �

�. �� #	 �¡� #n1" h�	 )i� �)� ��5 !$�

ñÆ�.

Fig. 45 Zetasize� 
<� h�	 Z¦ b97 ,¬'B ptu�.

R ìí.@ 0$e ���� ��4 h�7 e£^ ³ h�	 Z¦ b

95 100 nm�ï�. Fig. 4(a).@ 200oC.@ 1I�¢; �f IÞ�

!_ 92.5 nm	 Z¦ b9B �%�. Fig. 4(b).@ 200oC.@ 3I�¢

; �f IÞ� L	 Z¦ b95 89.1 nm�ï�. Fig. 4(c).@ 200'

.@ 5I�¢; ��� h�	 Z¦/�ø5 105.4 nm�ï�. Fig. 3(a,

b).@ v K !&� �� I h�	 b95 1I�.@ h�	 )i5

FE-SEM/n�� ��  ��p �fI�� �'. �� h�	 )i

� �)	 )i� �¡YÆ  h�	 )i� �fI� 3I� &³� �

)	 )iB ��= �fI�� ���. �� h�	 b9� ��Y

5 !$� ñÆ�. Fig. 4(d, e, f)5 e£^2'	 ��. �¼ h�	

Z¦b9B ,ó� �l, Fig. 4(d)5 200oC.@ 5I�¢; 0$e �

��� ��4 ,²�� 1,200oC.@ 4I� ¢; e£^� ³ h�	

Z¦b95 115 nmB ptîï�. Fig. 4(e).@5 200oC.@ 5I�¢

; 0$e ���� ��4 ,²�� 1,300oC.@ h�	 Z¦/�ø�

102.9 nmB ptîï�. Fig. 4(f).@5 200oC.@ 5I�¢; 0$e ��

�� ��4 ,²�� 1,400oC.@ e£^ I 93.9 nm	 Z¦b9B

�%�. e£^ 2'� ���. �� h�	 Z¦ b9� 105.4 nm�

Y2-xO3:Eux
3+(x=0.06)&�(5 e£^ ³ 115, 102.9, 93.9 nm� h�	

Z¦ b9� `a ��� ³ e£^ 2'� 1,300oC ��.@5 h�

	 Z¦ b9� GHYÆ�.

Fig. 3. SEM micrographs of Y2O3:Eu3+ phosphors prepared with solvo-
thermal synthesis at 200oC for 1 h (a) and at 200oC for 3 h (b).

Fig. 4. Zetasizer analysis of powders; at 200oC for 1 hr(a), at 200oC for
3 h (b), at 200oC for 5 h (c), annealed at 1,200oC for 4 h (d) and
annealed in air at 1,300oC for 4 h (e),�

��

� and annealed in air at
1,400oC for 4 h (e).

Fig. 5. PL emission spectra of Y2O3:Eu3+ phosphor annealed in air at
1,300oC.
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Fig. 55 {9 (¡. �¼ )*(	 �* ��� PL OöÉ÷��

,óYÆ�. Fig. 5(a)5 1,300oC.@ 4I� e£^ � Y2-xO3:Eux
3+

(x=0.06) )*(	 �* OöÉ÷��. ��4 Y2-xO3:Eux
3+ (x=0.06) )

*(	 
<4 {9(¡� 250 nm� {9IÈ �*4 OöÉ÷� ,

óYÆ�. �� Y2O3	 �<��.@ )�	 * +�¯�� 8Øù.

�â� 8,�� z
 C2 ��.@ ptp5 Eu3+ �2. 	� 5D0→
7F2

&�	 &9 -�� &�(electric dipole transition)(∆J=2)� (611 nm,

630 nm)	 �* ûbB ptî= 611 nm.@ .8 �*ûbB ptî

  !�. Eu3+ �2. 	� 5D0→
7F1 &�	 �9 -�� &�(magnetic

dipole transition)(∆J=1)� 587 nm, 593 nm �^  599 nm.@ ptp

  !�. �� Y2O3	 �<��.@ )�	 * +�¯� ( 8Øù.

�â� S6 8, ��.@ 5D0-
7F1 &�. 	� 580 nm(¡� pt�

�[27-28]. Fig. 5(b)5 1,300oC.@ 4I� e£^ � Y2-xO3:Eux
3+

(x=0.06) )*(B ���� {9 *��� /015 254 nm	 �/

ù (¡�� {9I0 �*OöÉ÷��. 250 nm (¡.@ {9 IÞ

� L	 �* 6'� 254 nm� {9 1ï� L	 �* 6'ñ� `a

Y� ��YÆ  Ç �*OöÉ÷� E1� Eu3+	 5D0-
7F0 &�. 	

� 587 nm, 593 nm, 599 nm	 �* OöÉ÷l Eu3+	 5D0-
7F0 2�

{9. 	� 580 nm�*OöÉ÷	 a9' `a ��YÆ�. >�
5D0-

7F1 2�7 5D1-
7F2 2�	 {9. 	� 533 nm, 554 nm ��	

OöÉ÷� `a �� YÆ�. Ç �* (¡� 611 nm (¡	 a9B

EÂ� � L, 254 nm.@ {94 �* OöÉ÷	 �* 6' ñ� Ç

{9 (¡� 250 nm	 *�.@ {94 �*OöÉ÷	 �*6'�

`a ��YÆ�.

Fig. 6
 250 nm (¡	 �/ù. 	� {94 PL �* OöÉ÷�

�. e£^ 2'B 1,300oC7 1,400oC� ��IÞ� L	 Y2-xO3:Eux
3+

(x=0.06) )*(	 �*a9B ptu�. e£^ 2'� 1,300oC.@

1,400oC� ���. �� )*(	 �*a9� ��þ� v K ! ,

Fig. 2	 Xù �ú,ó �l.@ e£^ 2'� ���. �� h�	

�<�� ��Y5 �£÷ e£^ 2'	 ��. �¼ )*(	 �*

a9� �� ��.

Fig. 7
 e£^ 2'. �¼ PL OöÉ÷	 {9 OöÉ÷��. Eu3+

	 5D0-
7F2 &�. 9�4 �T �*	 {9OöÉ÷
 .8 250 nm

��.@ E8, bandB ñ{3�[27]. 4f6 &� de� ��  !5

Eu3+5 �<�� ;.@ O2−� 4� 5{ ! , O2−.@ &�B 6Ï�

{ &Y-&� �i 2�(charge-transfer state transition). 	� 7 .|

�B 8K��. O.@ Eu� &� 2�. 9�4 Eu-O	 &Y &� 9

¶� : vwj !�[28]. e£^ 2'� 1,300oC.@ 1,400oC� ��

YÆ� L Ç��	 8K(¡l {9OöÉ÷	 a9� ��YÆ�. {

9OöÉ÷	 a9� ���. ��@ �* OöÉ÷	 a9� ��Y

^� �
4�. ��4 )*( Y2-xO3:Eux
3+(x=0.06)5 UV OöÉ÷ ,

ó�l Ç��� Y2O3:Eu	 8K (¡
 8Å 200 nm(¡.@ ;
 õ

�.@ ptp  . ¯� 250 nm ��	 õ�.@ pt� � {9 (

¡
 )*(  (	 �&�8.@ &'8� {9I &'8.@ &�	

*8K. 9�4�  �
4�. ��4 ���� Y2O3:Eu )*(	 {

9 OöÉ÷ õ�� ≈254 nmñ� <ù 250 nm.@ {9 1ï�. ��

� Ç��	 8K(¡l {9(¡	 ð
5 h� b9	 GH. �¼

)*( ��� ð
B ñ�5 ��� �Ø4�. 

4. � �

.ÍÎNÏÐ� 0$� Y{ 0$e �� Y.@ ��4 Y2O3:Eu3+

5 200oC.@ 3I� �fIÞ� L Z¦ 89.1 nmb9B ��5 �)

)i	 h�� »xYÆ�=, 1,000oC.@ 2I�¢; e£^B Y{ �

K� ��(cubic) �<�� �n Y2O3B =ï�. �Ã� ¨�� Ä�

Y2O3:Eu3+ )*(B ��YÆ�= �f I� ��. �¼ h�	 )i

B FE-SEM,ó �l, 1I� ¢; �f IÞ� L ,²	 h� )i5

>?  ����, �fI� 3I�� &³� �@ �)	 )i� �¡Y

  �fI�	 ��. �� h�	 b9' ��YÆ�. ��p e£^

2'� ���. �� h�	 Z¦ b9� GHYÆ�. PL OöÉ÷ ,

ó� Ä� Eu �'� 3% '34 Y2O35 250 nm (¡.@ {9 Oö

É÷� ��  611 nm (¡.@ Ç �* OöÉ÷� ptîï�. 250 nm

(¡	 �/ù�� {9 4 �* OöÉ÷
 254 nm �/ù�� {9

4 �* OöÉ÷l ¢�Y , Ç �* OöÉ÷	 �* a9� ̀ a �

�YÆ�. @x ��� 0$B �0Y{ �TD
� )*(B ��Y 

!�=, R ��B Ä� 0$e ��
 pq b9	 a�� ��D
�

� ��� K !5 °�± ����� 984�.

� �

R ��5 2003A�' ÃA8AÂ 8A��E	 ���� ��1ï

�= ��. G/¶B
�.

Fig. 6. PL emission Intensity of Y2O3:Eu3+ phosphors annealed in air at
1,400 (�) and at 1,300oC (�).

Fig. 7. PL excitation spectra of Y2O3:Eu3+ phosphor (�: annealed in
air at 1,400oC, �: annealed in air at 1,300oC).
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