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Abstract: Low temperature spectra of SrB4O7:Pr3+, LaB3O6:Pr3+ and LaMgB5O10:Pr3+ were investi-

gated by synchrotron radiation VUV light. Under VUV excitation, photon cascade emission was found in

SrB4O7:Pr3+, LaB3O6:Pr3+ and LaMgB5O10:Pr3+. All peaks in emission spectra were assigned. Because

high phonon energy in borates results in non-radiative relaxation between 3P0 and 1D2 states of Pr3+,

the second step emission 3P0 →
3HJ is very low in SrB4O7:Pr3+ and even is absent in LaB3O6:Pr3+

and LaMgB5O10:Pr3+. In the excitation spectra of LaB3O6:Pr3+ and LaMgB5O10:Pr3+, along with the

4f5d absorption bands, a weak line due to 3H4 →
1S0 transition also was detected. From the position of

3H4 →
1S0 transition, the energy difference of 1S0 state and the lowest 4f5d state was determined.

Key words Pr3+ ion; photon cascade emission; VUV excitation; low temperature spectra

1 ~zb�xW℄��T%`E{�$��Z_�v�y}u�� (VUV) B��_�%1�wF�-_F3��/J�_�%1�p VUV B��Pp���7+e_�x�R{93 VUV B��_�+�%1�k�℄<P%1	w��%+_H�Y+�g\w��%z_��+�W�>*
100%. F�`H���%��F��;LI_sV%��{� '�?	���T. (Quantum Cut-

ting) ���%�H~�M (Photon Cascade Emission,

PCE) �;�����7 (Downconversion) �	W℄)ua_�H℄��n�q5>�_*|
Pr3+ {�sLV 4f5d → 4f2 - 4f2

→ 4f2 ���%*B	{�F5m℄ Pr3+ {�_ 1S0 �H$y℄ 4f5d �H_��W Pr3+ {�_ 1S0 �H�d?`℄� 2006–04–20, d5w>?`℄�2006–06–05HQuY� &L�8q7=^ (10575099, 90201019)��MP� �O% (1979– ), ��)[=iQ� ixVq_� x&#� E-mail: gbzhang@ustc.edu.cn
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374 � ? / � 6 � 22 l℄ 4f5d �H�U� 4f5d → 4f2 �MX*�Y&UÆ��W Pr3+ {�_ 1S0 �H�℄#e_ 4f5d�H�U�X9F 4f2
→ 4f2 �M�{UX�R%�H~�M	 Pr3+ {�_%�H~�M*BsU~ 1 xg�� Pr3+ {��`H���%�`>� 4f5d �H��1��M_D[ 1S0 �H��B�*B�MF��e�%�	hH�%�x 

1S0 →
1I6 ; 1S0 →

1D2 i.��1 3P0 →
3HJ ,3FJ; 1D2 →

3HJ i.�Fh}�%�	#q�� sL:R%�H~�M_�%z\ YF3:Pr3+[1,2], �1R�_ Pr3+ {�8m_z����sL:R%�H~�M [3−13].��{�8m_!l;u"\+�,�*_!l;1�p VUV 4YZ0_�`�p VUVB����{�8m_!l;{=rYZ�_�%+ [14,15], =GU_ PDP 0ET%�
(YGd)BO3:Eu3+. ��&>j � SrB4O7:Pr3+,

LaB3O6:Pr3+ E LaMgB5O10:Pr3+ e�_%'	e�{D�1�p 200∼300nm ���_�M%'�/6�Y%��\��p LaB3O6:Pr3+ -
LaMgB5O10:Pr3+ _B�'I#5[ Pr3+ _ 3H4 →

1S0 i.yS_'"	

} 1 Pr3+ z�$�G}~L)A^�G}
Fig. 1 Energy-level diagram of Pr3+ showing the

PCE process

2 b{D# SrB4O7:Pr3+(SBO:Pr), LaB3O6:Pr3+(LBO:

Pr)E LaMgB5O10:Pr3+(LMBO:Pr)n2U� $�Æ�	qUd�	 SrCO3(��L), La2O3(99.99%),

4MgCO3·Mg(OH)2·5H2O(��L), !l (��L) L

E Pr6O11(99.99%). W℄!lp��M8��?�U*� 5mol%. Pr3+ _8m�t\	 1mol%. ��D#_48!��7?5IE#&E�>�1��>'(�℄ CO ,��� 500◦C aJ 1h n�q4_tJ℄ 8h 1F℄VAD#� SrB4O7:Pr3+,

LaB3O6:Pr3+ E LaMgB5O10:Pr3 _J℄t�"	� 850 � 850 E 1020◦C. �D#_�$��WU�dR8Ær_ BD2000 0 X M"�MI�℄(�ZD�D#\	L$	D#_ VUV 4B�-�M%'p'M|,�MVA^}u��%'VAw2C	VAqU_�MUEI0+	 ARC-275,�%/+U<� Hamamatsu �h_ H8259-01 0%�Kd+2C�B�%'UfCl�_B�%'%�*�	
3 ODGfW~ 2 	e (20K) � SBO:Pr, LBO:Pr -
LMBO:Pr p VUV-185nm B��_�M%'	W~sV�{D�1�_�M'�Zyi�r! 	H,Q?_�M
�s�x Pr3+ _ 4f → 4f u��M	�℄ 250�270�340- 410nm$Z_�M
�"yS℄ 1S0 →

3F4 �1S0 →
1G4 �1S0 →

1D2- 1S0 →
1I6(

1S0 →
3 P1) i.	{,�M
_F g��p{D�1�� Pr3+ _ 1S0 �Hr�℄#e_ 4f5d �H���O{�R�%�H~�M	I�M
b℄H~�M*B_hH,�M	~ 3\X 200∼260nm ���_�M'Us�F�O�~IsLp[O 1S0 [ 3HJ � 3FJ _�M���M
yS_i.Jp~� F	~ 2 ��℄ 543 - 600nm �b_�M
b℄H~�M_h},�M�)� 543nm I_�MyS℄ 3P0 →

3H5, 596nm I_�MyS℄ 3P0 →
3 H6,

600∼620nm ���_�M
yS℄ 1D2 →
3 H4. !

1 ��F��D#%�H~�M*B��M
_�EqyS_i.	��W~ 2 sVp LBO:Pr, LMBO:Pr ��Y#5[ 3P0 →
3HJ _�M
� SBO:Pr �m9#5[� 3P0 →

3H5,
3H6 _�MV\0tIfB℄hH,�M	{\W℄p SBO � LBO E LMBO �[Q 3P0 �H_k�zd{*zO�D*B��M_eU[� 1D2 �H	zO�D_JsW Van

Dijk - Schuurmans wF_�Y℄[ [16]:

Wnr = βelexp[−α(∆E − 2hωmax)] (1)Y� βel - α \^>�Y!_=d� ∆E \��



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

2 ( ÆN$�a
|t��A~� Pr3+ 7l^I� k:y�^d�$&t2 375HS_��6� hωmax 	#�_O��o"	y℄!l;z� βel = 16.8×107s−1, α=4.43×10−3s−1,
3P0 - 1D2 S_��6	 ∆E ∼3500cm−1, SBO �
LBO E LMBO �O�_�o�� hωmax �"g	
1200cm−1[3] �1400cm−1[7] �1400cm−1[8]. W (1)Ys℄[p SBO:Pr, LBO:Pr E LMBO:Pr � 3P0 - 1D2SzO�D_J Wnr ∼ 105

∼ 107s−1, R℄O
3P0 �H&e�H_�MeUJ Wr ∼ 105s−1. [
SBO �O�_�o�� hωmax ∼1200cm−1 <LBOE LMBO �_O��o�� hωmax ∼1400cm−1, qLp SBO:Pr �#5[��B_ 3P0 →

3HJ _�M
	{Hj*|℄ SrAl12O19:Pr3+1��p SrAl12O19�O�_�o�� hωmax 	Y 700cm−1, 3P0 - 1D2SzO���MD_J�!l;�F)J��H�qLp SrAl12O19:Pr3+ 1��#5[�Z0

} 2 20K � SBO:Pr, LBO:Pr, LMBO:Pr o
185nm A~�^~L$&}
Fig. 2 Emission spectra of SBO:Pr, LBO:Pr,

LMBO:Pr under 185nm excitation at 20K

} 3 20K � SBO:Pr, LBO:Pr , LMBO:Pr u'v (200∼260nm) ^~L$&}
Fig. 3 200–260nm range emission spectra of

SBO:Pr, LBO:Pr and LMBO:Pr at 20K

_ 3P0 →
3HJ _�M
 ($y℄O 1S0 _�M)[9].~ 4 	 20K t�p SBO:Pr, LBO:Pr E

LMBO:Pr �P4 Pr3+ _ 1S0 →
1I6 �M_B�%'	OB�'IsLpFD�D#p 140∼210nm���rYZ0_�`�)� 160∼210nm���0 1 �|[B
KU:aE3�:a=6l�J9�6�^

Table 1 Position and assignment of the emissions

involved in PCE process

λ/nm

Transition

SBO:Pr LBO:Pr LMBO:Pr

1S0 →
3 H4 216 216 216

1S0 →
3H5 227 227 227

1S0 →
3 H6 236 237 237

1S0 →
3 H2,3 241 242 243

1S0 →
3F4 251 253 254

1S0 →
1G4 271 275 275

1S0 →
1D2 337 340 340

1S0 →
1I6 405 405 410

3P0 →
3H5 543 / /

3P0 →
3 H6 596 / /

1D2 →
3 H4 605, 615 602, 611 602, 607

} 4 20K � SBO:Pr, LBO:Pr D LMBO:Pr �O3 Pr3+ ^ 1S0 →
1I6 ~L^A~$&}

Fig. 4 Excitation spectra of SBO:Pr, LBO:Pr

and LMBO:Pr monitoring 1S0 →
1I6 emission of

Pr3+ at 20K
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376 � ? / � 6 � 22 l_B�TyS� Pr3+ _ 4f5d �`�W℄;_&U�		����T	!l;_>��`TH�p
150∼170nm$Z�O~ 4 _B�'IsLpFp{D�D#��>�_�`B℄ Pr3+ _ 4f5d �`�{g�p SBO:Pr � LBO:Pr E LMBO:Pr � Pr3+sL�[�` VUV %�_��{*4Fx >�_��Ji	 pzd VUV B��_!l;�%1�r\{*>��`B�%_���91Ji��%�.�{D_*B�9�n�Zz_��oS	=({*�%�.�[Y+f�` VUV %�_����ÆXRRw��%1�_�%+	O~ 4 �6sLpFp LBO:Pr - LMBO:Pr�H� Pr3+ _ 4f5d �`T��p 214nm I6#5[�H�Q?_B�
�syS� Pr3+ _
3H4 →

1S0 i.	W℄ 3H4 →
1S0 i.\_?5smtqa�_�qL 3H4 →

1S0 i.fB℄ 4f5d�`	 3H4 →
1S0 i.zd2v�/�pB�'I#5[�=p SBO:Pr �k�Y4[�i.	Æ!�Kd�\_G\p4�z�� [5,6,17]. WB�'� 3H4 →
1S0 i._�� Pr3+ _ 1S0 �Hp LBO:Pr - LMBO:Pr �_�sL�7m	

46728cm−1. ~ 4 � LBO:Pr - LMBO:Pr _B�'I Pr3+ _ 4f5d�`�"*X℄ 206nm(48543cm−1)- 208nm(48076cm−1), O{p LBO:Pr - LMBO:Pr� Pr3+ _ 1S0 �H-#e_ 4f5d �HS_��6sL�7m	 1815 - 1348cm−1.4F�F_\W℄ Pr3+ %�H~�M_hH�%�I℄*|℄�Z_�%-��%(w�qLU8 Pr3+ _%�H~�M1�&�YzKSU/f�4F{*�8)r{�X Pr3+ _hH,�%�4	Y|℄:?�"_sV%	 Mn2+ k\H�.℄_{����Je>j� Pr3+ - Mn2+ �8_ SBO E LMBO � Pr3+ →Mn2+ _��Ji���_X-� Pr3+ H~�M_hH,�%�4	
Mn2+ _0%�M [18], W℄H~�M_�,*BrI℄�℄:?#5_sV%(w	
4 OW4�� SrB4O7:Pr3+ �LaB3O6:Pr3+ E LaMgB5-

O10:Pr3+ e�_�M%'-B�%'	OB�'Ipp{D�1�� Pr3+ ��Y+f�` VUV%

�_��{*4Fx >�_��Ji	p LaB3O6E LaMgB5O10 _B�'I#4[� Pr3+ {�_
3H4 →

1S0 i.�O{pVAI7m�p{��1�� Pr3+ {�_ 1S0 �H�"�℄#e_
4f5d �H� 1815 - 1348cm−1. O�M'Ip�
SrB4O7:Pr3+ � LaB3O6:Pr3+ E LaMgB5O10:Pr3+�rPp%�H~�M�V\h},�M*BW℄!l;z��*�_O��o��Y�_��MD*B{�℄�=�B	1Rns
[1] Sommerdijk J L, Bril A, Jager A W. J. Lumin., 1974, 8:

341–343.

[2] Pieper W W, de Luca J A, Ham F S. J. Lumin., 1974, 8:

344–348.

[3] B ��
W2�j�u�b�377�� 2001, 59 (9):

1372–1375.

[4] Sokolska I, Kuck S. Chem. Phys., 2001, 270 (2): 355–362.

[5] Kuck S, Sokolska I. Chem. Phys. Lett., 2002, 364 (3-4):

273–278.

[6] Kuck S, Sokolska I. J. Electrochem. Soc., 2002, 149 (2):

J27–J30.

[7] Srivastava A M, Doughty D A, Beers W W. J. Electrochem.

Soc., 1997, 144 (7): L190–L192.

[8] Srivastava A M, Doughty D A, Beers W W. J. Electrochem.

Soc., 1996, 143 (12): 4113–4116.

[9] Srivastava A M, Beers W W. J. Lumin., 1997, 71 (4): 285–

290.

[10] Kuck S, Sololska I, Henke M, et al. J. Lumin., 2003, 102

(5): 176–181.

[11] Makhov V N, Khaidukov N M, Lo D, et al. J. Lumin.,

2003, 102 (5): 638–643.

[12] Vink A, Dorenbos P, de Haas J, et al. J. Phys.: Condens.

Matt., 2002, 14 (38): 8889–8899.

[13] van der Kolk E, Dorenbos P, van Eijk C W E. Opt. Com-

mun., 2001, 197 (4-6): 317–326.

[14] �`2�ev��qkw�b (WANG Yu-Hua et al). ��0�7� (Journal of Inorganic Materials), 2004, 19 (4):

772–778.

[15] �()�TKF��&3�b (LIU Xiao-Tang et al). ��0�7� (Journal of Inorganic Materials), 2005, 20 (2):

475–478.

[16] van Dijk J M, Schuurmans M F. J. Chem. Phys., 1983, 78

(9): 5317.

[17] Kuck S, Sokolska I, Henke M, et al. Phys. Rev. B, 2005,

71 (16): 165112-1-15.

[18] Chen Y H, Shi C S, Yan W Z, et al. Appl. Phys. Lett.,

2006, 88 (6): 061906.1-3.


