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Eu2+, Cr3+ ������,,,��� MAl12O19 (M = Ca, Sr, Ba)
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nÄÚF1®¥, ùÚF1®5U��. �¼�5U`û�ùÚF1®, �©æ^p§��{Ü¤
 Eu2+,
Cr3+ ü�,9��,�wè7áõ¾�í MAl12O19 (M = Ca, Sr, Ba) u1N. ¢�L², 3±þn«Ä�¥þ
�3 Eu2+ →Cr3+ �UþD4, |^UþD4�±k�/ò Eu2+ �71½É1=��ù1. n«wè7áõ¾
�íÄ��¬N(��q, � Eu2+, Cr3+ u1É¬N|K�, ��3ØÓ�Ä�¥ Eu2+, Cr3+ mUþD4�ÇØ
Ó. ÏL1Ì©Û9UþD4�ÇO�uy, �Ó�,ßÝe, CaAl12O19 ¥ Eu2+ →Cr3+ �UþD4�Ç�p,
SrAl12O19 g�, BaAl12O19 �$. ù1=�Ç3 CaAl12O19 ¥�p.

'�c: MAl12O19, Eu2+, Cr3+, UþD4

PACS: 78.55.Hx

1 Ú ó

u1á��A^u²�w«ì!Ãþ�!X
��¤�� [1−3] Ãõ+�, Ù¥nÄÚì²9w
«±Ùpu1�ÇÚpwÚ�ê��5�õ�ï
Äö¤'5. 3nÄÚF1®¥, 7Ú!ÉÚF1
®5U�Ð [4,5], Ä�÷v¢^�¦. ,
ùÚF1
®�éu7Ú!ÉÚF1®5U�� [6], ÏéÚm
uùÚF1®®²¤�nÄÚì²�w«���
½�?Ö. �d, kïÄöJÑ|^UþD4ò5
U�Ð�7Ú!ÉÚF1®�u1Ü©½�Ü=
��ùÚ�u1, ?
¼��7Ú!ÉÚF1®5
U��`É�ùÚF1®.

wè7áõ¾�í MAl12O19 : Eu2+(M = Ca,
Sr, Ba) duäk�p�þf�Ç!�Ð�9­½
5!¦^Æ·�Ú|Pz5, ±93b	1«k�
r�áÂ�`:, 3Ãõ+�¥®²��
2��
A^ [7−10]. �¼�ùÚF1á�, 3wè7áõ
¾�í MAl12O19 : Eu2+(M = Ca, Sr, Ba) ¥��

, Cr3+, �±|^ Eu2+ → Cr3+ �UþD4¤õ
ò Eu2+ �7Ú½ÉÚ�u1Ü©=�� Cr3+ �
ùÚu1 [11,12].

wè7áõ¾�í MAl12O19 (M = Ca, Sr,
Ba) (��q, Ñáuá�¬�, äk P63/mmc �
m:+(�, �3±þn«Ä�¥ Eu2+ → Cr3+

UþD4�Ç9ù1=�ÇØ¦�Ó. �?�Ú
'�ùn«Ä�¥, Eu2+ → Cr3+ mUþD4�Ç
9ù1=�Ç, �©æ^DÚ�p§��{Ü¤

 Eu2+, Cr3+ ü�,9��,� MAl12O19 (M =
Ca, Sr, Ba) �¬, ?Ø
äk P63/mmc �m:+
(�� CaAl12O19 ¥ Eu2+ → Cr3+ �UþD4,
¿3dÄ:þO�
z«Ä�¥ Eu2+ → Cr3+ U
þD4�Ç9ù1=�Ç.

2 ¢ �

� ¬ æ ^ p § � � { Ü ¤, U � ½ � Ô
� � þ ' ~ ¡ � ± e � �: CaCO3 (© Û X)
(½ SrCO3 ½ BaCO3), Al2O3 (©ÛX), Eu2O3 (X
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Ý� 99.99%), Cr2O3 (1ÌX) Ú H3BO3 (©ÛX),
ò��3çØïÄ¥ï�þ!, C\f�l�¥,
�up§¬¥, 3%���í¨e, �( 4 h. Ü
¤ CaAl12O19 : Eu2+, Cr3+ ¤I§Ý� 1550 ◦C, Ü
¤ SrAl12O19 : Eu2+, Cr3+ ¤I§Ý� 1350 ◦C, Ü
¤ BaAl12O19: Eu2+, Cr3+ ¤I§Ý� 1500 ◦C. ¤
��Ô�xÚõ¬®".

¬N(�æ^F� D/max-rA .=q X ��
û�¤ÿ½, ¤^�47á� Cu q, X ��Å�
� 0.154178 nm, �4>Ø� 40 kV. -uÚu�1Ì
^ Hitachi F-4500 .F11Ì¤ÿ½, ^ Xe ���
1
. F1Æ·ÿÁ±o�ª Nd : YAG (266 nm)
óÀ-1�1
, ^ Tektronic TDS 3052 .êi«
Åì?1&ÒÿÁ.

3 (J�?Ø

ã 1 © O � Ü ¤ � Eu2+, Cr3+ � � , �
¬ CaAl12O19, SrAl12O19, BaAl12O19 � X ��û
� (XRD) Ìã. 3ã 1(a) ¥ÏL� CaAl12O19 IO
k (JCPDS NO. 38-0470), Al2O3 IOk (JCPDS No.
88-0826) '�uy, Ü¤��¬Ì�� CaAl12O19

�, Ó�¹k�þ���A� Al2O3. Xã 1(b) ¤
«, 3 1350 ◦C eÜ¤��¬�X� SrAl12O19. 3
ã 1(c) ¥, ÏL� BaAl12O19 IOk (JCPDS No.
26-0135)!BaAl2O4 IOk (JCPDS No. 17-0306)
'�uy, Ü¤��¬Ì��� BaAl12O19, Ó�
)¤
�þ� BaAl2O4 �. Ñy·���Ï´d
u)¤ CaAl12O19 Ú BaAl12O19 X�¤I�§Ý
Lp, 
¢�¿¤U���Ü¤§Ý $. du
Ü ¤ � � ¬ ¥ � þ , � Ø K � e © � © Û, Ï
d�
�B, ·�òÜ¤� CaAl12O19 � Al2O3

� · � P � CaAl12O19 �, Ü ¤ � BaAl12O19

� BaAl2O4 �·�P� BaAl12O19 �. ±þÜ¤
� CaAl12O19, SrAl12O19, BaAl12O19 þáu8�¬
�, äk P63/mmc �m:+(�. MAl12O19(M =
Ca, Sr, Ba) ¬N�z�¬�¥¹k 64 ��f, Ù
¥ 2 � M �f (M = Ca, Sr, Ba), 24 � Al �f, 38
� O �f. ¤k� Al �f¥�k 5 �ØÓ� Al3+

 , ©O�n�ØÓ�8�  Al (1), Al (4), Al (5)
 , ��o�  Al(3)  , ��Ê�  Al (2)  . Al
(3) lfÚ±�o� O2− �¤��o� � C3v :
+é¡(�. Ù¥�,lf Eu2+ �� M2+ (M =
Ca, Sr, Ba), Cr3+ �� Al3+ ¿`k��8�  Al

(1), Al (4), Al (5)   [13].� ��� ����� 	 
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ã 1 Ü ¤ � Eu2+, Cr3+ � � , � ¬ CaAl12O19,
SrAl12O19, BaAl12O19 � XRD Ì ã (a) CaAl12O19;
(b) SrAl12O19; (c) BaAl12O19� ��� ����� 	 
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ã 2 Ä � CaAl12O19, SrAl12O19, BaAl12O19 ¥ ü
� , Eu2+ � u � 1 Ì Ú ü � , Cr3+ � - u 1 Ì
(a) CaAl12O19; (b) SrAl12O19; (c) BaAl12O19

ã 2 © O ´ 3 Ä � CaAl12O19, SrAl12O19,
BaAl12O19 ¥ ü � , Eu2+ � u � 1 Ì Ú ü �
, Cr3+ �-u1Ì. dã 2(a) ��, CaAl12O19:
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Eu2+ �u�Ì (-uÅ� λex = 286 nm) �¸� 
u 415 nm �°�G1Ì, d Eu2+ �-u� 4f5d
�Ä� 8S7/2 �U?�[/¤. 3 CaAl12O19 Ä�
¥, �3ü« Cr3+ � , u�¸ ©O u 685
Ú 690 nm (u�1Ìò3ã 4 ¥�Ñ), ©O·
¶� Cr1 u1¥%Ú Cr2 u1¥%, ã 2(a) �Ñ

ùü�ØÓ�  Cr3+ �-u1Ì. Cr1 Ú Cr2
-u1Ìþdn�°�|¤, ©Oáu Cr3+ �
>Ö[£�!4A2 → 4T1 �[±9 4A2 → 4T2

� [. Cr1 � n � - u ¸ � © O   u 266, 422
Ú 581 nm, 
 Cr2 �n�-u¸�©O u 260,
408 Ú 564 nm. duÜ¤� CaAl12O19 �¬¥¹k
�þ� Al2O3, � Cr3+ ?\ Al2O3 ¬�¥, Ù-u
1Ì� CaAl12O19 ¥ Cr2 ���Ó. �´ Eu2+ Ã
{?\ Al2O3 ¬�¥, Ïd3 Al2O3 Ä�¥Ø�
3 Eu2+ → Cr3+ �UþD4, ¤±�þ� Al2O3

·�éu3 CaAl12O19 ¥ïÄ Eu2+ → Cr3+ �
UþD4Ø¬E¤K�, �±�Ñ. 3 SrAl12O19

Ä � ¥ � ¹ a q, X ã 2(b) ¤ «, 1 Ì ¥ Ñ y
� Eu2+ ��Gu�¸¸� u 400 nm (λex = 272
nm). l SrAl12O19:Cr3+ ¥ � - u 1 Ì (i ÿ Å
� λem = 688 nm) �±wÑ, ÙÌ�dn��|
¤, = ub	«��f>Ö[£�, ¸� u 427
nm � 4A2 → 4T1 �áÂ�±9¸� u 588 nm
� 4A2 → 4T2 �áÂ�. 3 BaAl12O19 Ä�¥�
1ÌXã 2(c) ¤«, Eu2+ �u�¸ u 442 nm
(λex = 300 nm). 3 BaAl12O19 Ä�¥, Ó��3ü
« Cr3+ � , u�¸ ©O u 694 Ú 700 nm (u
�1Ìò3ã 4 ¥�Ñ), �òÙ©O·¶� Cr1 u
1¥%Ú Cr2 u1¥%. ã 2(c) �Ñ
ùü�Ø
Ó�  Cr3+ �-u1Ì, ùü�1ÌA���­
U, dn�°�áÂ¸|¤, ¸�©O u 260,
393 Ú 565 nm. d u Ü ¤ � ¬ § Ý   $, Ü ¤
� BaAl12O19 ¥¹k�þ� BaAl2O4 ·�. �â©
z [11], 3 BaAl2O4 ¥Ø�3 AlO6 �l¡N(�,
=¦ Cr3+ ?\ BaAl2O4 ¥, �Ø¬�3 Cr3+ �u
�¸, ¤±3 BaAl2O4 ¥ØUu) Eu2+ → Cr3+

� U þ D 4, Ï d é u 3 BaAl12O19 Ä � ¥ ï
Ä Eu2+ → Cr3+ �UþD4, ·� BaAl2O4 Ø¬
E¤Z6, �±�Ñ. 3 MAl12O19 (M = Ca, Sr,
Ba) Ä�¥, ÷v��UþD4�7�^�� Eu2+

�u�1Ì� Cr3+ �-u1Ìk�U, lã 2 ¥
�±�Ù/w�, ÃØ3=«Ä�¥, Eu2+ �u
�1Ì� Cr3+ �-u1ÌÑk�U, 3 CaAl12O9

Ä�¥, �UÜ©��. Ïd, �±íÿ, 3n«Ä
�¥Ñ�Uu) Eu2+ → Cr3+ �UþD4, 
�
3 CaAl12O9 Ä�¥ù«UþD4�U�k�.

ã 3 �wè7áõ¾�í MAl12O19 (M = Ca,
Sr, Ba) ¥ Eu2+, Cr3+ ��,�¬¥ Cr3+ �-u1
Ì�ü�, Cr3+ Úü�, Eu2+ �¬-u1Ì�
'�. dã 3(a) ��, 3 CaAl12O19 Ä�¥, ü�
, Cr3+ �, ÃØ´ Cr1 �´ Cr2, Ù3b	1«�
>Ö[£�áÂÑ�~f. ���, Eu2+, Cr3+

�, Cr1 Ú Cr2 3b	1«áÂÑ²wOr, Cr1 u
1¥%Or�\²w. ÏL� Eu2+ -u1Ìé
' (λem = 415 nm), uy Cr3+ -u1Ì3b	1
«Ü©� Eu2+ �-u1Ì�~�q, =3 Cr3+

�-u1Ì¥�35gu Eu2+ �áÂ, ù`²
3 CaAl12O19 Ä�¥�3 Eu2+ → Cr3+ �UþD
4. Ó�*	� Cr1 �-u1Ì¥5g Eu2+ �á
ÂrÝ' Cr2 réõ, ù`² Eu2+ � Cr1 ¥%D

� ��� ����� 	 
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 � � � � � � � � 
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 � � � � � � � � 
 � � � � � � � � � " &  !1 � � 
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4 5 64 7 64 8 6
ã 3 wè7áõ¾�í MAl12O19 (M = Ca, Sr, Ba) ¥ Eu2+,
Cr3+ ��,�¬¥ Cr3+ �-u1Ì�ü�, Cr3+ Úü�
, Eu2+ �¬-u1Ì�'� (a) CaAl12O19; (b) SrAl12O19;
(c) BaAl12O19
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4Uþ' Cr2 ¥%�k�. ã 3(b) ¥Ó��±*	
� SrAl12O19 :Eu2+, Cr3+ ��,�¬¥ Cr3+ �-
u1Ì¥Ñy
5gu Eu2+ �b	áÂ, `²3
TÄ�¥��3 Eu2+ → Cr3+ �UþD4. ã 3(c)
¥, ÃØ´3 BaAl12O19 Ä�¥ü�, Cr3+ �´�
�, Eu2+ Ú Cr3+, Cr1 Ú Cr2 �-u1ÌA�­
U, 3��,��¬¥�Ñy
5g Eu2+ �b	
áÂ, `²3 BaAl12O19 Ä�¥�3 Eu2+ → Cr3+

�UþD4, ¿� Eu2+ � Cr1 Ú Cr2 D4Uþ�
�Ç�A��Ó. nÜ±þ(J, e3 CaAl12O19

Ä�¥, Cr1 ¥%ê8� Cr2 ¥%Ó`³, K�±í
ÿ, Eu2+ → Cr3+ �UþD4�Ç3 CaAl12O19 ¥
�p, 3 BaAl12O19 Ä�¥g�, 3 SrAl12O19 Ä�
¥�$.

ã 4 � λex = 300 nm b 	 1 - u e
� MAl12O19 (M = Ca, Sr, Ba): 1% Eu2+,
x%Cr3+(x = 0.5, 1, 2, 3, 4, 5) �u�1Ì, ± Eu2+

� u � r Ý ? 1 8 � z. l ã 3 ¥ Ø J w Ñ,
3 MAl12O19 (M = Ca, Sr, Ba) Ä�¥, 300 nm �
b	áÂ5gu Eu2+, Ïd3 300 nm b	1-u
e, �U��-u Eu2+ 
ØU-u Cr3+. �´3
TÅ�-ue� Eu2+, Cr3+ ��,��¬¥, Ø=
*	�
5gu Eu2+ f→ d �[�°�u�, �*
	�
5gu Cr3+ � 2E → 4A2 �[�b�ùÚ
u1¸, ù2�gy²
3 MAl12O19 (M = Ca, Sr,
Ba) n«Ä�¥(¢�3 Eu2+ → Cr3+ �UþD
4. Ù¥, 3 CaAl12O19 Ä�¥, 5gu Cr3+ �ù
Úu1¸dü�¸|¤, Ù¥�r� u 685 nm,
�éf�
� u 690 nm, ©OéATÄ�¥ü«
ØÓ Cr3+ �u1¥% Cr1 Ú Cr2. 3 SrAl12O19 Ä
�¥, Cr3+ �ùÚu1¸�k��,  u 688 nm.
3 BaAl12O19 Ä�¥, Ó��3 Cr1 Ú Cr2 ü«Ø
Ó� � Cr3+, Ùu�¸©O u 694 Ú 700 nm.
lã 4 ¥�±w�, �X Cr3+ ßÝ�O\, Cr3+

�u�rÝÅìO\. =3 Eu2+ ßÝØC��¹
e, -u Eu2+ �, Cr3+ �u�rÝ� Cr3+ ßÝ
�O\
O\. Ïd, ?�Úy²
3 MAl12O19

(M = Ca, Sr, Ba) �Ä�¥�3 Eu2+ → Cr3+ �
UþD4, 
��X Cr3+ �O\, Eu2+ → Cr3+

�UþD4�k�. ù´Ï�UþD4� Eu2+

Ú Cr3+ �m�ålk'. �X Cr3+ ßÝ�O
\, Eu2+ � Cr3+ �m�ål~�, Eu2+ → Cr3+

�N´D4Uþ, ¤±UþD4�ÇO\. ¢S
þ, 3Ü¤ BaAl12O19 �¬�, duÜ¤§Ý 

$, Ü¤��¬� BaAl12O19 Ú BaAl2O4 �·�.
� Eu2+ ?\ BaAl2O4 � ¥, �â©z [14—16],
Ùu�¸ u 495 nm, Ïd, 3ã 4(c) ¥, Eu2+ �
°�u�dü�¸|¤, Ì¸ u 442 nm, 5g
u BaAl12O19 ¥ Eu2+ � f→ d �[u�, 
,��
p¸ u 495 nm, 5gu BaAl2O4 ¥ Eu2+ � f→ d
�[u�. duÜ¤�¬^����Ó, Ïd�±
@�¤Ü¤��¬¥ BaAl12O19 Ú BaAl2O4 �'
~�Ó, ¿�?\�ü�� Eu2+ ßÝ'~��±
ØC. du BaAl2O4 ¥��3 AlO4 (�, 
Ø�
3 AlO6 (�, � Cr3+ �� Al3+ ?\ BaAl2O4

¬�¥, Ø¬Ñy uùÚ1« 2E → 4A2 �
[ � b � u 1 ¸, ¤ ± 3 BaAl2O4 ¬ � ¥ Ø U
u) Eu2+ →Cr3+ k�UþD4. �± 442 nm
� Eu2+ u�¸8�z, du BaAl2O4 ¬�¥Ø�
3 Eu2+ → Cr3+ �UþD4, ¤±�X Cr3+ ßÝ
O\, 495 nm � Eu2+ u�¸lã 4 ¥wå5Åì
Or, ¢SþÙýérÝ�±ØC.

lã 2 Úã 4 � Cr3+ -uÚu�1Ì¥�
± w �, 3 SrAl12O19 ¥ = Ñ y � « �   Cr3+,
3 CaAl12O19 9 BaAl12O19 ¥©O�3ü«ØÓ�
 � Cr3+. 
ã 1 ¥� XRD Ìãw« MAl12O19

(M = Ca, Sr, Ba) ¬�(��Ó. �¤±¬Ñy±þ
(J, �U´du MAl12O19 (M = Ca, Sr, Ba) ¬N
¥���3n�ØÓ�8�  Al (1), Al (4), Al (5)
 , � Cr3+ �� Al3+, Cr3+ òÓâ±þn«l¡
N� . 3 SrAl12O19 ¥n«l¡N||rA��
Ó, Ïd� Cr3+ �� Al3+ �, 31Ìþ�Uw��
« Cr3+ �u�, �±ò?u�Ó¬N||r� Cr
w�´Ó«� . 
3 CaAl12O19 9 BaAl12O19 ¥
Ù¥ü�� �¬N||r�Ó, ,	��� �
¬N||r��ØÓ, Ny31Ì¥´?uü«Ø
Ó� � Cr3+.

�
©ÛUþD4�Ç� Cr3+ ßÝ�Cz
' X, 3 MAl12O19:1% Eu2+, x% Cr3+(M = Ca,
Sr, Ba; x = 0, 0.5, 1, 2, 3, 4, 5) � N X ¥ © O
ÿÁ¿��
 Eu2+ F1P~­�, Xã 5 ¤«.
3 CaAl12O19, SrAl12O19, BaAl12O19 Ä�¥©Oi
ÿ Eu2+ 3 415, 400 Ú 442 nm ?�F1P~, -
u1
þæ^o�ª Nd: YAG(266 nm) óÀ-1.
XJ�N → ÉNm�UþD4�Ç�u�N�
m�*Ñ�Ç, �Nlf�F1Æ·P~ò l
ü�ê/ª [17,18], Xã 5 ¤«. Ïd�â Inokuti–
Hirayama �. [19], �Nlf�F1Æ·æ^eª
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[Ü���Ün:

τ =
1
I0

∫ ∞

0

I(t)dt, (1)

Ù¥ I0 � t = 0 ��F1Ð©rÝ. d (1) ªO
��� MAl12O19:1% Eu2+, x% Cr3+ (M = Ca, Sr,
Ba; x = 0, 0.5, 1, 2, 3, 4, 5) �NX¥ Eu2+ �F1
Æ·, ©O�uã 5 �S�ã¥.� ��� ����� 	 
 � � 
 � � � � � � � � 
 � � 
 � � � � �� � �

� ��� ����� 	� ��� ����� 	
� � 
� � �� � �� � �� � 
� � 
� � �� � � � � � � � � � � � � �  ! " � # $ % & � ' ( # ) % * + , - . / . 0 . 1 . 2 . - 3% * -% * 2% * 1% * 0% * /% * + , -
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� � �� � �� � �� � 
� � 
� � �� � �4 � � � 5 ' � � � � � � � � �  ! " � # $ % & � ' ( # ) % * 6 7 8 9 : 9 ; 9 < 9 = 9 8 3% * -% * 2% * 1% * 0% * /% * + , -

 � � 
 � � � � � � � � 
 � � 
 � � � � �� � �� � 
� � 
� � �� � �� � �� � 
� � 
� � �� � � > � � � � � � � � � �  ! " � # $ % & � ' ( # ) % * 6 7 8 9 : 9 ; 9 < 9 = 9 8 3% * -% * 2% * 1% * 0% * /% * + , -

? @ A
? B A

? C A D E F
ã 4 λex = 300 nm b	1-ue MAl12O19 (M = Ca,
Sr, Ba):1% Eu2+, x% Cr3+ (x = 0.5, 1, 2, 3, 4, 5) �u�1
Ì, 1ÌrÝ± Eu2+ �u�rÝ?18�z (a) CaAl12O19;
(b) SrAl12O19; (c) BaAl12O19

�â Paulose � [20] �Ñ�UþD4�Ç�½
Â, UþD4�Ç ηT �±L«�

ηT = 1 − τEu

τEu,0
, (2)

Ù¥ τEu,0 � Eu2+ 3 MAl12O19 (M = Ca, Sr, Ba)
Ä�¥���Æ·, =Ã Cr3+ �,�� Eu2+ �Æ
·. �â (2) ª9[Ü���Æ· τEu, �±O�U
þD4�Ç ηT. ηT � Cr3+ ßÝ�'XXã 6 ¤
«. lã 6 �±w�, 3�Ó Cr3+ ßÝe, UþD

4�Ç3n«Ä�¥���5Æ� CaAl12O19 U
þD4�Ç�p, Ùg� BaAl12O19, SrAl12O19 ¥
UþD4�Ç�$, T(J�ã 3 ¤«(J�Î
Ü, Ó���±íÿ3 CaAl12O19 Ä�¥ Cr1 ¥%
� Cr2 ¥%3ê8þÓ`³. d	��±*	�,
3 SrAl12O19 �, 3%� Cr3+ �, ÙUþD4�Ç
'�Ó^�e BaAl12O19 �p, T:ØÎÜ��5
Æ, Ù�U�Ï´T�¬���, du�þ%®�
·\, /¤Ü©d«¥%, Úå Eu2+ Æ·Ø5Æ�
~�, 3O��E¤Ø�.� ��� ����� 	 
 � � � � � � � 
 � � � � � � �� � �� � � � �� � � � �� � � � �� � � � � � � � � � � � � � � � � �  � ! " # $ � % & !' # ( ) * + , - , . , / , 0 , + 1# ( )) * +-./0+ 2 3 34 3 35 3 36 3 3 73 8 2 9 4 :;<=

� ��� ����� 	 � > � � � � � � � � � > � � �� � �� � � � �� � � � �� � � � �� � � � � ? % � � � � � � � � � � �  � ! " # $ � % & !' # ( ) * + , - , . , / , 0 , + 1@ A A A@ B A AC A A AC B A AD A A A # ( )) * +-./0+73 8 2 9 4 :;<=� ��� ����� 	 
 � � � � � � � 
 � � � � � � �� � �� � � � �� � � � �� � � � �� � � � � E F G H I J K I L M N O P Q J R S T U V W X RY T Z [ \ ] ^ _ ^ ` ^ a ^ b ^ ] c# ( )) * +-./0+ 2 3 34 3 35 3 36 3 3 73 8 2 9 4 :;<=
d e f

d g f
d h f

ã 5 λex = 266 nm óÀ-1-ue� Eu2+ �F1P~­�,
S�ã��âP~­�[Ü���F1Æ· (a) CaAl12O19,
λem = 415 nm; (b) SrAl12O19, λem = 400 nm; (c) BaAl12O19,
λem = 442 nm

|^ Eu2+ → Cr3+ �UþD4, �±k�ò
þãn«NX¥ Eu2+ �7Úu1=�� Cr3+ �
ùÚu1. �d, �âã 4 �u�1Ì, O�
n«
NX¥ù1�71�rÝ'� Cr3+ ßÝ�Cz,
Xã 7 ¤«. du 300 nm b	1�U-u Eu2+ 

ØU-u Cr3+, Ïd3T-uÅ�e��� Cr3+

�ù1u�Ñ´5gu Eu2+ → Cr3+ �UþD4,
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= Cr3+ �ù1u�þd Eu2+ �71=���,
Ïd, ùp�ù1�71�rÝ'�±w�ù1
�=�Ç. duÜ¤��¬ BaAl12O19 ¥¹k�þ
� BaAl2O4 ·�, Ïd3O� BaAl12O19 ¥ù1�
71�rÝ'�, 71rÝ|^pd�/©¸�
��� 442 nm u�¸�¡ÈO�. lã 7 ¥�±
w�, 3 CaAl12O19 ¥ù1�71'���, =ù

1=�Ç�p, 3 SrAl12O19 ¥g�, 3 BaAl12O19

¥��. T(J�UþD4�Çk¤ØÓ, Ù�Ï
3uù1=�ÇØ=� Eu2+ → Cr3+ �UþD4
�Çk', ��ù1�g�u1�Çké�'X.
3 BaAl12O19 ¥, Eu2+ → Cr3+ �UþD4�Ç�
p, �du Cr3+ �u1�Ç�$, Ïdù1=�Ç
3n«Ä�¥�$.

η
T
/
%

10 2 3 4 5
x
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CaAl12O19:1% Eu2+,x% Cr3+

SrAl12O19:1% Eu2+,x% Cr3+

BaAl12O19:1% Eu2+,x% Cr3+

x/.↪↪↪↪↪

ã 6 w è 7 á õ ¾ � í MAl12O19 (M = Ca, Sr, Ba)
¥ Eu2+ →Cr3+ �UþD4�Ç

� � � � ��
� � � �� � � �� � � �� � � �� � � �� � � � � 	 
 � � 
 � � � � � � � � 
 � � � � � � � �� � 
 � � 
 � � � � � � � � 
 � � � � � � � �� 	 
 � � 
 � � � � � � � � 
 � � � � � � � �� � � �  ! " ! # ! $ ! % !  

ã 7 λex = 300 nm �, w è 7 á õ ¾ � í MAl12O19

(M = Ca, Sr, Ba) u�1Ì¥ù1�71rÝ'�� Cr3+

ßÝ�Cz

4 ( Ø

|^p§��{Ü¤
 Eu2+, Cr3+ ��,�
wè7áõ¾�í MAl12O19 (M = Ca, Sr, Ba)
u1N. ÏLé Eu2+, Cr3+ ü�,9��,�w
è7áõ¾�í MAl12O19 (M = Ca, Sr, Ba) �
-u1ÌÚu�1Ì©Ûy²
n«NX¥þ�

3 Eu2+ →Cr3+ �UþD4, �UþD4�Ç¿Ø
�Ó. ÏLO���3 CaAl12O19 Ä�¥UþD4
�Ç�p, 3 BaAl12O19 Ä�¥g�, 3 SrAl12O19

Ä�¥�$. du Cr3+ �g�ù1u��Ç3�
�Ä�¥�Ø�Ó, nÜ�ÄUþD4�Ç9g�
ù1u��Ç�Ï�, ��3n«Ä�¥ù1=�
Ç�p�´ CaAl12O19, SrAl12O19 g�, BaAl12O19

�$.
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Luminescent properties and energy transfer in
MAl12O19: Eu2+, Cr3+ (M = Ca, Sr, Ba)∗
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Abstract
We synthesize MAl12O19 (M = Ca, Sr, Ba) singly doped with Eu2+ or Cr3+ and co-doped with Eu2+ and Cr3+ by high-

temperature solid-state reaction under reducing atmosphere. It is observed that there exit energy transfers from Eu2+ to Cr3+ in
MAl12O19 (M = Ca, Sr, Ba) hosts. Although the MAl12O19 (M= Ca, Sr, Ba) hosts have similar crystal structures, the energy transfer
efficienies and the conversion rates of the blue light to the red light are different. Both experiment and calculation show that the energy
transfer from Eu to Cr in CaAl12O19 host is most efficient, and the ratio of the red emission to the blue emission in CaAl12O19 host is
the highest among the three different hosts.

Keywords: MAl12O19, Eu2+, Cr3+, energy transfer
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