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^p§LK{��
 Bi2O3 �,� (0.9 − x) GeO2-xNb2O5-0.1BaO (¹þ x ���©ê, x = 0, 0.04, 0.07, 0.1)
X�Àæ. ÿ½
Àæ�¬��9©Û (DTA) �!áÂ1Ì!u�1Ì9 X ��1>fUÌ (XPS). l DTA 
�©Û��Àæ�(¬å©§Ý�^z§Ý�� (Tx − Tg) � 200 ◦C ±þ. áÂ1Ì¥�*	� u 500, 700, 808
Ú 1000 nm ?�áÂ¸, ¿�X Nb2O5 ¹þ x �O\áÂ>�u)ù£. 3Å�� 808 nm -1-ue, *	�u
1¥% u 1300 nm ?!F11Ì�p°�� 200 nm �°�u1. F1rÝ� Bi2O3 �,þ δ �O\kOr�~
f, ��,þ δ ��� 0.01 �, F1rÝ���r. �X Nb2O5 ¹þ x l 0.04 O\� 0.1 �, F1rÝÅÚ~f. �
¬� XPS ¸©O u 159.6 Ú 164.7 eV, §�0u Bi3+ � Bi5+ �A�(ÜU�m, Ïd Bi3+ � Bi5+ �UÓ��
3uÀæÄ�¥. l XPS 9 Bi lf�u1A5íä, °��F1u��UåÏu Bi5+. �X Nb2O5 ¹þ x �O\,
F1rÝÅÚ~f. ©Û@�, Nb2O5 �� GeO2 �/¤
 NbGe "�, I�$d Bi lf?1>fÖ�, Ï³�

 Bi5+ /¤, �¦F1rÝ~f.

'�c: Bi lf, ÷��íÀæ, F11Ì, X ��1>fUÌ

PACS: 61.43.Fs, 79.60.−i, 82.80.Pv, 42.62.−b

1 Ú ó

Bi lf�Cù	�°�u1´CAcïÄ�
9:, §�u1��CX
��$�ÑÏ&I�,
�) O, E, S, C, L ��ÅãÏ&I� [1]. duDè
lfÉ f-f >f�[���, F11ÌÌ¸��p
° (FWHM) éJ�L 100 nm[2,3],  Bi lf�é
Dèlfk�²w��°`³.

k' Bi �,A«Àæ����1ÌïÄ®²
k�õ�� [4−9], �´ï��&¢#Àæá��ó
���´ïÄöa,���K. 8céu Bi lf
�,Úåá�Cù	�°�åÏÌ�8(u Bi+

Ú Bi5+[10−14], ïÄö@�Cù	°�u1´ Bi+

¤� [1,3,11], ÙÌ��nØ�â´ Duffy �w5n
Ø [15]. CÏ, Fujimoto[16] ^*Ð X ��áÂ°[(
�Ì (EXAFS)!X ��1>fUÌ (XPS)!>f^
^��Ì (ESR)!Ø^�� (NMR) �õ«EâÃ
ã(Üu�1ÌCzé�, Bi lf�7�íÀæ

?1
ïÄ, @�Cù	Åã�u1u Bi5+ �
u1. �¢�¿ïÄ<
éu Bi �,÷�íÀæ
��°��A®k�½ïÄ [13], TÀæk�Ð�
Ôz5U, Nb2O5 ´Àæ��«/¤J, äkép
�ò�Ç, Ùò�Ç n � 2.1[17], Ïd3TÀæ|©
¥\\�þ� Nb2O5 Uk�/N!Àæ�ò�Ç,
ù�8�1n��OJø�B. ·�ï�
 Bi �
,� GeO2-Nb2O5-BaO ÀæXÚ, �©ïÄ Nb2O5

éTÀæ9½5Ú1ÌA5�K�. ^ XPS ï
Ä Bi lf�U�3�d�©Ù, ¿&?Cù	1
Ì�u1åÏ.

2 ¢ �

¢�^p§LK{��
 21 « Bi2O3 �,
� (0.9 − x) GeO2-xNb2O5-0.1BaO Àæ�¬. U
ì Nb2O5 ¹þ x Ú Bi2O3 �,þ δ �ØÓ©O
^ A0—A11, B1—B9 é�¬?1?Ò, ¤^zÆ�
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��XÝþ�©ÛX, ¤k�¬� Nb2O5 ¹þ x

Ú Bi2O3 �,þ δ �uL 1. U���zÆOþ'
°(¡� 20 g, ¦Ù¿©·Ü�\\�NÈ� 30 ml
�f�l�¥, �uý9�� 1300 ◦C �7��>
¬¥, ¿3d§Ýe�§L� 1 h. ��, ò¤��
�Àæ��5�®ý9� 350 ◦C �ÒE�äþ, ¤
.���u 450 ◦C �ê6¬¥ò» 2 h, ,�'4
>, g,e%�¿§. ¤�Àæ�¬¥ykùÚ.
�¬²��\ó¤þÝ�� 2 mm ��¡, [�¿
�1¤þÝ�Ó�Àæ¡, ^u1ÌÿÁ.

L 1 Àæ�¬� Nb2O5 ¹þ x Ú Bi2O3 �,þ δ

�¬?Ò x δ

A0 0.00 0.003

A1 0.04 0.001

A2 0.04 0.002

A3 0.04 0.003

A4 0.07 0.001

A5 0.07 0.002

A6 0.07 0.003

A7 0.10 0.001

A8 0.10 0.002

A9 0.10 0.003

A10 0.00 0.002

A11 0.00 0.000

B1 0.04 0.005

B2 0.04 0.010

B3 0.04 0.015

B4 0.07 0.005

B5 0.07 0.010

B6 0.07 0.015

B7 0.10 0.005

B8 0.10 0.010

B9 0.10 0.015

�9©Û (DTA) �d CRY-2 .� DTA ¤ÿ
�. áÂ1Ìd Lambda 950 .b	-��1áÂ1
Ì¤ÿ�. XPS d=I Kratos úi)�� XPS ¤
ÿ�. F11Ìd{I J-Y úi)�� Triax320 .
F11Ì¤ÿ�. F1P~�d Tektronix TDS
1012 .êi;�«ÅìP¹. ¤k�1Ìÿ½Ñ´
3¿§e?1.

3 (J9?Ø

3.1 DTA ©©©ÛÛÛ

ã 1 ¤«��¬ A3!�¬ A6!�¬ A9 9�
¬ A0 �DTA�, ÿÁ§Ý���100—900 ◦C. l

ã 1 ¥�����Ñù
 À æ� ^z §Ý Tg!(
¬å©§Ý Tx. Ï~Àæ�9½5�^ Tx � Tg

��� (∆T ) 5oÑïþ. ��ó, ∆T ��Àæ
�9½5�Ð, Àæ�N´.�¤1n. lã 1
��±wÑ, �¬ A3!�¬ A6 Ú�¬ A9 � ∆T

þ� 200 ◦C ±þ, �¬ A3!�¬ A6 Ú�¬ A9 �
�¬ A0 vk²w��É. ù`²T÷�íÀæä
kûÐ�9½5, Bi2O3 ��þ�,Ú Nb2O5 �
Ú\éÀæ�9½5K�Ø�.

ã 1 �¬ A3!�¬ A6!�¬ A9 Ú�¬ A0 � DTA �

ã 2 �¬�áÂ1Ì (a) �¬ A3!�¬ A6!�¬ A9
Ú�¬ A11; (b) �¬ A7!�¬ A8 Ú�¬ A9
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3.2 ÀÀÀæææ���áááÂÂÂ111ÌÌÌ

3�Ó� Bi2O3 �,þ δ e, �¬ A3!�
¬ A6!�¬ A9!�¬ A11 3 400—1600 nm Å
ã�áÂ1ÌXã 2(a) ¤«. lã 2(a) �±*	
��¬ A3 �áÂ¸©O u 507, 718 Ú 1000 nm,
�¬ A6 �áÂ¸©O u 498, 712 Ú 1000 nm,
� ¬ A9 � á Â ¸ © O   u 495, 706, 1000 ±
9 808 nm. � ¬ A3! � ¬ A6! � ¬ A9 � �
¬ A11 �'�, ��Ñ u 500, 700 Ú 808 nm NC
�áÂ¸8áu Bi lf [18],  u 1000 nm ?�á
Â¸´d÷�íÀæÄ��)� [19,20]. lã 2(a)
��±*	��X Nb2O5 �¹þ x l 0.04 O\
� 0.1, �¬ A3  u 507 Ú 718 nm �áÂ¸©O
7£� 495 Ú 706 nm ?, üáÂ¸þ7£� 12 nm,
�áÂ>�ù£� 82 nm. ã 2(b) � Bi2O3 �,
þ δ ©O� 0.001, 0.002 Ú 0.003 ��¬ A7!�
¬ A8 Ú�¬ A9 �áÂ1Ì. lã 2(b) ��, �
X Bi2O3 �,þ δ l 0.001 Jp� 0.003,  u 495,

706 nm ?� Bi lf�A�áÂ¸rÝÅÚOr.

3.3 FFF111111ÌÌÌ

3.3.1 Bi2O3 �,þ δ éF11Ì�K�
ã 3(a) Ú (b) © O � � ¬ A1! � ¬ A2!

�¬ A3 Ú�¬ B1!�¬ B2!�¬ B3 3Å�
� 808 nm �-1-ue�u�1Ì. T|©À
æ � u 1 ¥ % Å �   u 1300 nm N C, u 1 Å
ã3 1000—1600 nm, ¥yÑ�°�u1�A. l
ã 3(a) �±�Ñ, �¬ A1!�¬ A2 Ú�¬ A3
� FWHM ©O� 208, 212 Ú 216 nm. lã 3(b)
�±wÑ, �¬ B2 �F1rÝ�r. ã 3(c) �
3 Nb2O5 ¹þ x = 0.04, 0.07, 0.1 ��¹eF1
¸rÝ� Bi2O3 �,þ δ �Cz'X. lã 3(c)
�±wÑ, �X Bi2O3 �,þ δ �ÅÚO\, Àæ
�¬�F1¸rÝkOr�~f, � Bi2O3 �,
þ δ ≈ 0.01 �, F1¸rÝ�r. Ïd, T÷��í
Àæ� Bi2O3 �Z�,þ δ ��� 0.01.

ã 3 �¬�F11ÌÚF1¸rÝ (a) �¬ A1!�¬ A2 Ú�¬ A3 �F11Ì; (b) �¬ B1!�¬ B2 Ú�¬ B3 �F11Ì; (c)
�¬ A1—A9 Ú�¬ B1—B9 �F1¸rÝ
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3.3.2 Nb2O5 ¹þ x éF11Ì�K�
ã 4 � Nb2O5 ¹þ x éÀæ�¬�F1¸r

Ý�K�. lã 4 �±*	�, 3 Bi2O3 �,þ δ

�Ó��¹e, � Nb2O5 ¹þ x l 0.04 O\� 0.1
�, �¬�F1¸rÝÅì~f. ïÄL², Nb 3
�zÔ¥Ï~/¤o¡N [NbO4] Úl¡N [NbO6]
ü«� (� [18], ÀæÄ� GeO2 Ï~/¤o¡
N [GeO4] Úl¡N [GeO6] ü«� (� [21]. d
u§ �äk�Ó�( �, � Nb2O5 ¹þ x O \�,

ã 4 �¬ A1—A9 �F1¸rÝ

ã 5 �¬ A2!�¬ A5 Ú�¬ A8 �F1P~�Ú
F1Æ· (a) F1P~�; (b) F1Æ·

Nb2O5 /¤�o¡NÚl¡N(�ò�O GeO2

/¤�(�, Nb lf��
Ü© Ge lf. du Nb
´ +5 d,  Ge � +4 d, Ïd�U/¤ NbGe >
Ö"�, I�$d� Bi lf5?1>fÖ�, l
³�
 Bi5+ �/¤, �¦Cù	F1rÝ~f.
ù�37¾XÚÀæ¥d Al3+ �� Si4+ ¤/¤
�K"� (AlSi) I� Bi5+ ?1>fÖ�A5
�aq [16].

3.3.3 Nb2O5 ¹þ x éF1Æ·�K�
3Å�� 808 nm �-1-ue, �¬ A2!�

¬ A5 Ú�¬ A8 3uÿÅ� 1296 nm ?²L�
� e �ê[Ü�F1P~�Xã 5(a) ¤«. l
ã 5(a) ¥�±�Ñ, �¬ A2!�¬ A5 Ú�¬ A8
�F1Æ·©O� 188, 152 Ú 133 µs. ã 5(b) �F
1Æ·� Nb2O5 ¹þ x �Cz'X. lã 5(b) �
�, �X Nb2O5 ¹þ x �O\, Àæ�F1Æ· 
á. ù�U´du Nb2O5 �pò�ÇÚå�, Ï�
lf�Ë�Æ·�ÀæÄ��ò�Ç¤�' [21].

3.4 XPS 999uuu111���???ØØØ

ã 6 � � ¬ A2! � ¬ A8! � ¬ A10
± 9 Bi2O3(Bi3+) Ú NaBiO3(Bi5+) � XPS, Ù
¥ Bi2O3 (Bi3+) � NaBiO3(Bi5+) � XPS æ^©
z [16] ¥�êâ. 3 NaBiO3 � XPS ¥, Ù Bi(4f5/2,
4f7/2) Ñy
ü�r¸Úü�f¸, ü�r¸©O
 u 163.8 Ú 158.5 eV, 8(u Bi3+ ¤Úå, ü�f
¸©O u 165.9 Ú 160.6 eV, 8(u Bi5+ ¤Úå.
3 Bi2O3 � XPS ¥, Ù Bi(4f5/2, 4f7/2) �Ñy

ü�r¸, ©O u 163.8 Ú 158.5 eV, � NaBiO3

¥� Bi3+ �r¸ ���. lã 6 ¥�±*	�
�¬ A10!�¬ A2!�¬ A8 � XPS, �¬ A10 �
Ì¸ u 159.6 Ú 164.8 eV, �¬ A2 Ú�¬ A8 �
Ì¸©O u 159.6 Ú 164.7 eV. oNþw, �©¤
���÷��íÀæ�¬� XPS ¸ 0u Bi2O3

Ú NaBiO3 ¥ Bi3+ (ÜU� Bi5+ (ÜU�m. �
�ó, Bi lf�(ÜU¬� Bi lfd��,p
,p [22]. Ïd, �öíäT÷��íÀæ�¬¥
�UÓ��3 Bi3+ � Bi5+.

é C A c u y � Bi l f C ù 	 ° � u 1
�åÏ�3XØÓ�)º. CÏ Fujimoto[16] ^
EXAFS, XPS, ESR, NMR �õ«EâÃã(ÜF
11Ìé Bi lf�,�7�íÀæ?1
ïÄ,
@� Bi lfCù	Åãu1u Bi5+ �u1.
·�@�3�©�Àæ�¬¥, Cù	u1�U
åÏu Bi5+ �u1, ��1Ü©�u1�U�
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3 Bi3+ u1. du Nb2O5 ��\/¤l¡N(
� [NbO6] Úo¡N [NbO4], ò�UO� GeO2 /
¤�l¡N(� [GeO6] Úo¡N [GeO4],  Nb5+

� Ge4+ ¤ � � > Ö þ Ø Ó / ¤
 NbGe > Ö
"�, ÏdI�$d� Bi lf5?1>fÖ�.
� Nb2O5 ¹þ x ?�ÚO\�, I�k�õ�$
d� Bi lf?1>ÖÖ�, Ïd��pd Bi5+

�êþ~�, Cù	u1rÝ~f. ù�íÿ�
�©¥���Cù	F11Ì (ã 3(a)) �ÎÜ.
l XPS �©Û�±�� Bi3+ � Bi5+ Ó��3u
Àæ¥,  Bi3+ �u1Åã?u��1Ü© [23],
d XPS(ã 6) (Üù	F11Ì (ã 3(a)) �¢�
(J, �öíÿCù	�°�u1�Uupd�
� Bi5+.

ã 6 �¬ A2!�¬ A8!�¬ A10 9 NaBiO3 Ú Bi2O3 � XPS

4 ( Ø

3Å�� 808 nm -1�-ue, Bi lf�,
� GeO2-Nb2O5-BaO XÚÀæäkF11Ì�°
�� 200 nm, u1¥%Å� u 1300 nm NC�C
ù	�°�u1A5. �X Bi2O3 �,þ δ �ÅÚ
O\, Àæ�¬F1rÝkOr�~f, � Bi2O3

�,þ δ ≈ 0.01 �, F1rÝ�r. �X Nb2O5 ¹
þ x l 0.04 O\� 0.1, ÙF1rÝÅÚ~f, ù�
U´du Nb2O5 �� GeO2 �/¤ NbGe "�, ³
�
 Bi5+ �/¤, ¦F1rÝÅì~f. Nb2O5 �
�\¦�F1Æ·Ñ�~á, � Nb2O5 �·þ\\
��ÌÝJpÀæò�Ç, ù�8�1n��OJ
ø
�B.
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Abstract
The Bi2O3 doped glasses with concentrations δ of (0.9 − x) GeO2-xNb2O5-0.1BaO (x = 0.04, 0.07, 0.1) glasses are prepared

by the conventional melting method. The differential thermal analysis (DTA) curves, the absorption spectra, the fluorescence decay
curve and the X-ray photoelectron spectra are measured. The difference between glass crystallization onset temperature and transition
temperature (Tx − Tg) of the glasses is up to 200 ◦C from the DTA curve. Absorption peaks at 500, 700, and 1000 nm are observed.
The absorption edges show a red-shift with the increase of Nb2O5 content x. The emission band at 1300 nm with the full width at half
maximum near 200 nm is observed under the excitation of 808 nm laser. The fluorescence intensity increases with the increase of the
concentration δ of Bi2O3. The fluorescence intensity reaches a maximal value when the concentration δ of Bi2O3 is about 0.01. The
peaks of binding energy in XPS are located at 159.6 and 164.7 eV respectively. The binding energy peaks are located between those
of Bi3+ and Bi5+ by comparing with those of Bi2O3(Bi3+) and NaBiO3 (Bi5+). According to the XPS results, one may conclude that
Bi3+ and Bi5+ ions co-exist in the glass. The near infrared broadband emission may be assigned to Bi5+ ion based on the results of
emission spectra and X-ray photoelectron spectra. The broadband intensity is gradually weakened as the Nb2O5 content x increases
from 0.04 to 0.1. As GeO2 is substituted by Nb2O5, complex NbGe defects are formed and the lower valence state of Bi ions will
be inevitably formed to compensate the extra electric charge from Nb5+, thus resulting in the inhibition of Bi5+ and weakening the
fluorescence aforementioned.

Keywords: Bi ions, germanium niobate glasses, fluorescence spectroscopy, X-ray photoelectron spectroscopy
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