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�©æ^��(ó²òB� Ag �âÚ\ Yb3+, Er3+ ��� NaYF4 þ=�á�¥, |^ X ��û�9×£>
fw�ºEâé��� NaYF4 á�?1(�A5ÚL¡/m�L�, ÏLáÂÌ9F11ÌÿÁEâé NaYF4 á
�1áÂ91u�A5?1L�. ÏLéB� Ag �âÚ\þ�`z, ¼�
 Yb3+, Er3+ ��� NaYF4 þ=�á
�F1u�¸�Or, 300—800 nm �1Ì��SOÃ� 28%, 3 544 nm ?¼���OÃ 55%, äkwÍ�F1O
r�J. Ó�©Û
ØÓêþB� Ag �â�Ú\é NaYF4 á�áÂÌ91�u1A5K�, �Ñ
L¡�lf-
��1d«9��áÂOr�^Ån.

'�c: B� Ag M�, L¡�lf-�, þ=�á�, ��áÂ

PACS: 78.55.−m, 73.20.Mf, 78.40.−q

1 Ú ó

þ = � á � ´ � « | ^ � d ÷ � d (Anti-
Stokes) �A3�Å1f-ueË�áÅ1f�õ
1fL§u1á�. ÏL�,3Ä�¥�Dèlf
��U?A5, ²-u�áÂUþ-u�puÄ$
Uþ�U?, Ë��[l
u�Ñþ=�F1 [1].

8c, ÏLþ=��ª
¢y�u1A�CX

��1���Åã. Cc5, þ=�u1á�3
-1Eâ [2]!n�áNw« [3]!F1©f)ÔI
P [4] 91ÏEâ [5] �+�LyÑûÐ�A^c
µ. ,
ÏÙ$�F1�Ç, ��
Ù3�+��
ó�zA^?§ [6]. Ïd, &ÄJpþ=�á�F
1�Ç�k��ª, ék'ÔnL§?1�\�©
ÛÚ@£, äk­��nØ�¢^¿Â [7].

|^B�7á�â�½�L¡�lf-� (lo-
calized surface plasmon resonance, LSPR) ÕA�1
Æ�>ÆA5, äkéþ=�á�F1�Ç�N�
�^, Cüc®¤��'+��ïÄ9: [8]. 7á
¥�3X�þ�gd>f, Ù�Ýp� 1023/cm−3,
du¥Õ�^��§5, ��>fXÚ�3X8N
-u, Ù�ÝåÏ�éu�>Ö�µ
ó, /¤�
��Klf�8N��. 7á�L¡�lf-�´
Û�37áL¡��«gd>fÚ1f�p�^
/¤�·Ü-u� [9], �±±õ«/ª�3, �)
37á��L¡�î��Ä/ª±93B�7á
�âL¡�½����ª. -uÑ�L¡�lf-
�, 37áL¡?/¤pU�>|. B�ºÝ�7
á�â, duÙL¡�A!�º��A!÷*þf
���A�, �±¼�p� 600 ��nØL¡>|

* I[­:Ä:ïÄuÐOy�8 (1OÒ: 2011CB201605, 2011CB201606), I[pEâïÄuÐ5y (1OÒ: 2009AA050602), U9�
E| �8 (1OÒ: 08ZCKFGX03500), I[g,�ÆÄ7 (1OÒ: 60976051), �EÜISÜ�­:�8 (1OÒ: 2009DFA62580), �
�Ü­:¢�¿m��K (1OÒ: 2011KFKT06), ¥
p�Ä��ï�Ö¤;�]7 (1OÒ:65011981) Ú��Ü#­V<âOy (1
OÒ: NCET-08-0295) ]Ï��K.

† E-mail: carolinehq@nankai.edu.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

047801-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 4 (2012) 047801

OÃ, äkwÍ�Û�|Or�A [10].
B�7á�â½�L¡�lf-��pUÛ

�>|äké��51ÆL§���OrA5, �
±Jpþ=�á�pU?>f�-u�Ç, ?
¼
�Ë�1f�[VÇ�O\; Ó�-u�Ç�Jp
�±UCþ=�á�F1Æ·±9þf|�A [11].
��, B�7á�âL¡�lf-�3þ=�á�
¥�A^äkwÍ�nØ¿Â, ��$^uØÓ(
�NX�þ=�á�¥, äk�Z�¢^d�.

�cISþéB� Ag �âL¡�lf-�O
rþ=�F1�Ç�¢��¡ïÄ?uåÚ�ã,
�õ8¥uæ^í��{òB� Ag �â��u�
.�þ, ��\\þ=�á�. ���
�½��
J [11,12], �duB� Ag �â�þ=�á�m�©
á(�, E¤
3�Ná�S�^Øþ!�¯K,
�Ø|u8¤z�A^. �d, �©JÑòM�v
�{���B� Ag �â�æ^Y9{���äk
`ûF1�Ç� NaYF4 NXþ=�á��(Ü, Ï
Lú���ª��¼�B� Ag �â�þ=�á�
�·Üá�, ÏLé·Üá�/m!(�91ÌA
5©Û, ¼�B� Ag �âé NaYF4 þ=�á�F
1�Ç�K�.

2 ¢ �

ÏÕá� (Ag) 3��1«äk���áÂX
ê, äkn�L¡�lf-���A5, �À� Ag
á���B�7á�â. æ^M�v��{��
B� Ag �â: ©O���½ßÝ��Õ (AgNO3)
�t��? (C6H5Na3O7·2H2O) M�; ¿©·Ü�
ð§ (100oC)1 h; =�¼�B� Ag M�, äN¢
�Ú½�ë�©z [13]. æ^Y9{��þ=�
á�oÍzkB (NaYF4): ©O���½ßÝÅ
zQ (YbCl3)!Åz� (ErCl3)!Åz? (NaCl)!
Åzk (YCl3) 9¯�Xo¯��? (EDTA) M�;
òþãM�U Y3+ : Yb3+ : Er3+ = 40 : 9 : 1
�'Mu¯U, \\·þ�Íz
 (NH4F) N!Ù
�wÝ, þ!����\àoÍ¯LpØ;¥?
1�A; ² 200 oC �( 24 h, =�� Yb3+, Er3+

��� NaYF4 þ=�á�, äN¢�Ú½�ë�
©z [14]. �¼�B� Ag �â�þ=�á��
ûÐ·Ü, 3�(c� YbCl3, ErCl3, NaCl, YCl3
9 EDTA ·ÜM�¥\\�½þ�B� Ag M�,
²�(���B� Ag �â� NaYF4 ·Üá�.

æ^ JASSO V570 .b	 - �� - Cù	©
11ÝOéB� Ag �â, Ä� Yb3+, Er3+ ��
� NaYF4 þ=�á�9·Üá��áÂÌ?1ÿ
Á; æ^ LS4800 FEG .×£>fw�º (scanning
electron microscope, SEM) éÄ�9·Üá��L
¡/m?1ÿÁ; æ^ Rigaku D/MAX2500 . X �
�û�¤ (X-ray diffraction, XRD) éÄ�9·Üá
�(¬��?1©Û; æ^ Fluorolog-3 .F1©1
1ÝOéÄ�9·Üá�1�F1Ì?1ÿÁ©
Û, �â Yb3+, Er3+ ��� NaYF4 þ=�á��
U�(� [15], ÀJ 980 nm ��F11Ì�-uÅ
�, d¿� 2 mm, -1õÇ� 980 mW.

3 (JÚ?Ø

æ^áÂ1ÌéB� Ag �â1ÆA5?1L
�, Xã 1 ¤«. lã¥��, æ^M�v��{�
��B� Ag �âäkûÐ�L¡�lf-���
A5, Ù��áÂ¸ u 490 nm NC, ¸�� 0.41,
�3 410 nm � 560 nm ��Säk���áÂr
Ý (�u 0.3). B� Ag �â�L¡�lf-�Ø=
äkÕA�1ÆA5, �U
3B��â±��)
pU�Û�>|, ÍÜ/¤pU “9:”. ÏL·�
�ïÄ®²L², B� Ag �â�1áÂA5�¹

L¡d>f�\�1fm��p�^, �±ûÐ
�L�ÑB� Ag �â�L¡pU>|A5 [16,17].
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ã 1 B� Ag �âáÂ1Ì

� © Û B � Ag � â é Yb3+, Er3+ � �
� NaYF4 þ=�á�1�F1A5�K�, ò
ØÓêþ�B� Ag �â©O\\þ=�á��
�A�¥, ��3pØ�A;¥?1ú�?n, �
�¼�¹kØÓêþB� Ag �â�þ=�·Ü
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á�. Ù¥B� Ag �âêþÏLB� Ag M��
NÈ?1N�, ¢�¥Ú\B� Ag M��NÈ
©O� 0, 0.2, 0.4, 0.5, 0.6 9 0.8 ml, Ù¥ 0 ml L
«�V\B� Ag M���Ä�á�. T·Üá
�� XRD Ñ�­�Xã 2 ¤«. é' NaYF4 I
O XRD k (ICDD, NO.16-0334) ��, æ^Y9{
��� NaYF4 á�äkûÐ�8�¬�, Ù (100),
(110), (101) ±9 (201) û�¸�ß��. ��A�
¥\\B� Ag �â�, �UC NaYF4 á��J
`��. ��û�¸¸r�Ú\B� Ag �âþ�
UC
u)UC: �\\�$JþB� Ag �â�,
�û�¸¸r�Ú\B� Ag �âêþ�O\

O�, L²
 NaYF4 á�(¬�þ�Jp; 
�\
\ 0.8 ml B� Ag M��, NaYF4 á��û�¸¸
ru)âü.

�
?�ÚéÙ(¬�þ?1L�, é�¬
?1
×£>fw�º (SEM) ÿÁ, �¬L¡/
mXã 3 ¤«, ���ê� 5000 �. dã¥�±
wÑæ^Y9{��� NaYF4 á�äk��?(
¬º�, ¥yÑ�½�8��G/m, T/m®�
y²äk�p�F1=��Ç [18]. 3�Ú\B
� Ag �â�, NaYF4 8��G¬âº�äk��
�Ø5�Ý, ���¬N�»�� 1.2 µm; �XB

� Ag �â�Ú\, NaYF4 (¬�þJp, 8��G
¬Nº�¥þ!©Ù, ��»O�; �\\B� Ag
M�NÈ� 0.6 ml �, ¼� NaYF4 �Z(¬�þ,
d� NaYF4 8��G¬N�»�� 2.3 µm; �\
\B� Ag M�NÈ� 0.8 ml �, NaYF4 á�(
¬�þwÍ�z, 8��G¬N�»ü� 1.0 µm,
T(JÓ�Ny3 XRD ã¥�¬�û�¸r�
wÍü$.

ã 2 ��L§¥\\ØÓêþB� Ag �â�¼� NaYF4 �
¬� XRD û�­�

10.0 mm

(a) (b) (c)

(f)(e)(d)

10.0 mm

10.0 mm10.0 mm

10.0 mm 10.0 mm

ã 3 \\ØÓêþB� Ag �âú�¼� NaYF4 á�L¡/m (a) Ø\B� Ag M�; (b) \ 0.2 ml B� Ag M�; (c)
\ 0.4 ml B� Ag M�; (d) \ 0.5 ml B� Ag M�; (e) \ 0.6 ml B� Ag M�; (f) \ 0.8 ml B� Ag M�
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Yb3+, Er3+ ��� NaYF4 þ=�á�äkõ
1fáÂA5. 3 980 nm -1ì�e, Yb3+ lf
å¯zJ�^, 2F7/2 Ä�U?>fÐ¼ 1.265 eV
(980 nm) 1f��[� 2F5/2 U?, ��²�½�
m´þ�[£Ä�, ¿òUþD4� Er3+ lf�
Ä� 4I15/2 U?>f [19]. Er3+ lf 4I15/2 U?
>fáÂõ�1f, �[� 4I11/2, 2H11/2, 4S3/2

½ 4F9/2 U?, ²�½�mµþ, pU>fu)�
[, �)²��ÉÚÚùÚF1 [20]. ���¬
3 980 nm ?�áÂrÝ�L�Ñþ=�á��
1Ð¼VÇ, ?
éÙË��[1fê�)K�.
ã 4 �Ñ
\\ØÓêþB� Ag �â NaYF4 á
� 980 nm 8�záÂXê. dã 1 �Ñ�B� Ag
�â�áÂ­���, 3 980 nm ?B� Ag �âL
¡�lf-��áÂ�±�ÑØO, =3d?�á
ÂLy�þ=�á��áÂA5. dã¥��, �
B� Ag �âÚ\þ�O�, þ=�á�3 980 nm
?�áÂ¥ØäO��ª³, LyÑ��áÂOr
A5. B� Ag �â�L¡>fÏLÐ¼1f, /
¤pUL¡�lf-����ª, �)pUÛ�>
|, Ïd3L¡�lf-���ÅãNCäk�r
�áÂXê. ��½êþCù	1f (980 nm) -
u Yb3+, Er3+ ��� NaYF4 þ=�á��, NaYF4

á�ÏL�d÷�d�A�	Ë�pU��1f.
3pU��1f�-ue, B� Ag �âL¡>f
��/¤L¡�lf-�, ÏL�âmÛ�>|
�ÍÜ�^, /¤pU “9:”[21−23]. d�pU “9
:” äkép�>|rÝ [24], é��51ÆL§
å���áÂOr�^, Jpþ=�á�pU?>
f�-u�Ç, 1áÂVÇ¼�Jp [25−27]. �B
� Ag �âêþ�O\, pU “9:” �ÝO�, T
��áÂOÃJp, ¦�þ=�á�3 980 nm ?
�áÂØäOr. 
�B� Ag M��\\þJp
� 0.8 ml �, duB� Ag �â�Ú\E¤ NaYF4

á�(¬�þ�eü, ?
E¤
1áÂVÇ�
ü$. �ã¥��, =B NaYF4 á�(¬�þäk
�ÌÝü$ (B� Ag M��Ú\þ� 0.8 ml �),
3 980 nm ?�1áÂVÇ�,�u�Ú\B� Ag
�âc�Ä�á�.

þ=�á�áÂ$U (980 nm) 1f, ¿�	
Ë�pU��1f, Ù1�u1A5�±ÏLF
11Ì?1L�. æ^ 980 nm Cù	-11
é
�¬?1-u, æ8 300—800 nm Åãþ�u11
Ì, �Å�?u1¸�rÝL²
ØÓÅ�?Ë�

1f�ê8. ÏL3�(L§¥Ú\�½þ�B
� Ag �â, �¢�¼�
 NaYF4 Ä�þ=�á�
1�F1�Ç�k�Or. ã 5 �Ñ
�\\9\
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ã 5 \\B� Ag M�c���¼� NaYF4 Äþ=�á�1
�F11Ì

\þ� 0.6 ml B� Ag M����¼� NaYF4 Ä
�þ=�á�Ú·Üá��1�F11Ì, dã¥
�±wÑ NaYF4 Ä�þ=�á�Ì�äk 411 nm,
524 nm , 544 nm Ú 657 nm o�u1¸, 411 nm �
b1d Er3+ � 3H9/2 U?>f�Ä� 4I15/2 �[
�), 524 nm Ú 544 nm �É1©OéAu Er3+ l
f 2H11/2, 2S3/2 U?>f�Ä���[; 657 nm �
ù1d Er3+ lf 4F9/2 U?>f�[�) [20,28].
�Ú\�½þB� Ag �â�, �u1¸�rÝþ
¼�Or. Ó�dã��, �3�(L§¥\\
�½þB� Ag �â�, �UC Yb3+, Er3+ ��
� NaYF4 þ=�á��u1¸ 9�p°, L²
B� Ag �â�Ú\�Úåþ=�á��[U? 
��UC, 9d^�eéþ=�á�Ë�1f�[
´þ�m�K�����f.
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�?�Ú©ÛB� Ag �âéþ=�á�1�
F1�K�Ån, ã 6 �Ñ
3 NaYF4 þ=�á�
�(L§¥Ú\�½þB� Ag �âé NaYF4 á
�F1rÝ�K�, ·Üá�3 300—800 nm Å�
��S�F1È©rÝ�, Ù¥±��\B� Ag
�â� NaYF4 á��F1È©ê��8�z?
n. dã¥�±wÑ, �B� Ag �âÚ\þ�C
z, NaYF4 á�F11Ì¥yÑ�áÂÌØÓ�C
zª³: �Ú\�þ (0.2—0.4 ml) B� Ag �â�,
NaYF4 á�F1rÝu)�½§Ý�P~; O�
B� Ag �â�Ú\þ (0.5—0.6 ml), NaYF4 á�
F1rÝ¼�Or, OÃÏf� 28%; UYO�B
� Ag �â�Ú\þ (0.8 ml), NaYF4 á�F1rÝ
u)âü.
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ã 6 B� Ag �âé NaYF4 á�F1rÝ�K�

�Ú\�þB� Ag �â (0.2 ml) �, B� Ag
�â±$�Ý/ª3 NaYF4 á�¥©Ù, ��
X NaYF4 á��d÷�d�ApU1f�Ë�L
§, B� Ag �âáÂÙ��1f-uÑL¡�l
f-�, 
dud�B� Ag �â�ÝL$, /¤�
pU “9:” êþ��Uþ$, ÏdÙ��Or�
JØwÍ, oNþ¥yÑ NaYF4 á��F1d«y
� [29], F1rÝü$. ?�ÚO\B� Ag �â�
Ú\þ, B� Ag �â3 NaYF4 á�¥�©Ù�Ý
Jp, /¤�pU “9:” UþJp!ê8O�, �
�áÂOr�JJp, r?
 NaYF4 á�$U1
f�pU?��[, ¿��Ë��[1fê�O�,
Ly�ou1¸þ�F1rÝO\. �B� Ag �

â�Ú\þO� 0.8 ml �, duB� Ag �â�Ú
\¦� NaYF4 á��(¬�þ�ÌÝeü, E¤

ÙF1rÝ�ü$. �ÏL'�ã 5!ã 6 �ã 2
��, d�F1rÝ9áÂrÝ�ü$§Ý�$u
Ù(¬�þ��z§Ý, L²B� Ag �lf-�
/¤�pU>|é·Üþ=�á��áÂ9F1
�Jk�½�Or�^, ¦ NaYF4 á��F1r
Ý¿Ø� NaYF4 á�(¬�þü$¤'~eü.

4 ( Ø

æ^��(ó²òB� Ag �âÚ\ Yb3+,
Er3+ � � � NaYF4 þ = � á � ¥, æ ^ XRD
9 SEM ÿÁ©ÛL�Ñ�þB� Ag �â�Ú
\, U
Uõ NaYF4 á��(¬�þ. ÏLáÂÌ
9F11ÌÿÁ©ÛL�ÑB� Ag �âÚ\k
|uJp NaYF4 ·Üá��Cù	1áÂVÇ9
F1�Ç. ÏLéØÓB� Ag �â�Ýe�F1
u�¸rÝ�©Û�Ñ, L¡�lf-�éË��
[1fêþ�3kd«�Or��^: �B� Ag
�â�Ý�$�, B� Ag �â/¤�pU “9:”
êþ��Uþ$, ¦Ù��Or�^Øv±�Ö�
�?�1áÂ��, LyÑF1d«�J; O�B
� Ag �â�Ý, /¤�pU “9:” ê8O�, Ù
��Or�JJp, F1�Ç��Jp.

Ï L é B � Ag � â Ú \ þ � ` z, ¼ �

 Yb3+, Er3+ ��� NaYF4 þ=�á�F1u�
¸�Or, 300—800 nm �1Ì��SOÃ� 28%,
3 544 nm ?¼���OÃ 55%, äkwÍ�F1
Or�J. Ó�, �©½JÑ��(ó²�Û�5,
�B� Ag �â�Ú\þ�L�½���, ¬Ú
å NaYF4 á�(¬�þ�wÍ�z. TÛ�5�
�
p�ÝpU “9:” é��51Æ�^���
Or, {N
F1�Ç�?�ÚOr. Ïd38�
�¢�¥, ò?�ÚU?ó², 3¼�B� Ag �â
�þ=�á�k�·Ü�Ó�, ��¢yþ=�á
����)�.

a��®�Ï�Æ°é+Æ¬é�Ø©F11Ì�ÿ

Á�Ï.
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Abstract

Silver nanoparticles are added intoYb3+ and Er3+ co-doped NaYF4 up-conversion materials using co-sintering process. Changes

in diffraction intensity and surface morphology are inspected by X-ray diffraction and scanning electron microscope measurement,

respectively. The optical absorption and Photoluminescence spectra are measured using UV/visible spectrophotometer and photolumi-

nescence measurements. By optimizing the quantity of Ag nanoparticles, we obtain obvious enhancements of the photoluminescence

intensities of Yb3+ and Er3+ co-doped NaYF4 materials, which shows a 28% enhancement in 300—800 nm wavelength range and a

55% enhancement at 544 nm. Different mechanisms are proposed for light quenching and surface plasmon enhanced absorption with

Ag nanoparticles adjustment.
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