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kÅ/�Úþf:�F1IPá��3u�1Ì°!19­½5�Ú[�Ó5�"�, ��
Ù3)ÔÆï
Ä¥�A^. JX�,þ=�u1á�Ø�3 “guF1” Ú “1¤x” y�, (¯Ýp, �Ï­½5Ð, |u¹Nu
ÿ. Ø©Ägæ^9){, ±h�Ú�lL�L¡¹5JÚMJ, ��
 KY3F10: Yb, RE(RE=Er, Ho, Tm) B�¬.

ïÄ
h�¹þé�Ô/mÚâ»º��K�, �h���lL�'~� 3 : 1 �, ���a¥/ü©ÑB�¬N�
�Zó²^�, 3 980 nm ��N-1ì-ue, �¬ KY3F10: Yb, RE(RE=Er, Ho, Tm) ©Ou�Ñ�r��É!É
ÚÚ7Ú1, ù
(Jw« KY3F10: Yb, RE(RE=Er, Ho, Tm) B�âf��)Ô&�3õ­F1IP�¡äk`É
�A5.

'�c: KY3F10: Yb, RE(RE=Er, Ho, Tm) B�¬, F1IP, þ=�u1

PACS: 72.10.Eh, 78.67.Bf, 78.40.−q, 78.67.−n

1 Ú ó

F1©Û´�«Ã�úÚp(¯�©ÛEâ,
´)ÔÆÚ)Ô�Æ¥�­��Eâ��. Cc5,
�Xy��Æ!©f)ÔÆ�uÐ±9�«k?
F1uÿEâÚ¤ì�A^, F1IP�A^®�
��Ñ
)ÔzÆ©Û��Æ, ¤õ/ÿÐ�p(
¯Ý�)ÔuÿÚ)Ô¤��+� [1,2]. ~X, F1
IPá�C�^u¢�uÿ)ÔNSõ���x
Ú[�m��p�^, �
))Ô©f�m�E,
�p�^Ú$ÄJø
�«k��Ãã [3−5].

éu)ÔN	uÿ, n��F1IPá�äk:
ü/Ú5!F1�Çp!áÂ�¡�!| “1¤
x” 5UrÚ­½�zÆ/ÔnA5, Ó�7Lä�
)ÔoN5. ,
, 8c2�¦^�kÅ/�Úþ
f: (Quantum Dots, QDs) �)ÔF1IPá�, �
3u�1Ì°!19­½5�!m�5u1 (ðc,

Blinking) Ú[�Ó5�Ãõ"�, ��
Ù3)Ô
ÆïÄ¥�A^ [6,7]. ~5�F1IPEâÏ~±
b	1½áÅ����1��-u
, ù
-u1
Uþ�p, UÚå)ÔN�guF1, �¬é[�
Ú)Ô|��)1�ú [8].

�
mu5U`É�)ÔF1IPá�, ÷v
A^I¦, <�mÐ
JX�,þ=�u1B�¬
�ïÄ. þ=�u1á�3Cù	1�-ue�)
��u1, �Ñ
~5-u�ª�"�. þ=�u
1á�F1&�Ø�3 “guF1” Ú “1¤x” y
�, (¯Ýp, �Ï­½5Ð, �ù	1fBß[�
|��Ý� 10–15 mm, `u��1 (6 5 mm), éu
¹Nuÿ�©k| [9−14]. ÏdïÄJX�,þ=
�u1B�¬, äk¢S�A^d�.

þ=�u1á��u1�Ç�6uÄ�á�,
��p�u1�B�âf, �ÀJÜ·�Ä�á�.
Dè�,�ÍzÔÄ�á�äk$�(fUþ, =
�Ë��[AÇ$, þ=�u1�Çp, ­½5Ð,
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¤±3-1!)ÔDa�¡A^�õ, ÏdïÄ�
��2� [15,16].

NaYF4 äk°�ß1ÝÚp�1�úK�, ´
�«`��þ=�u1Ä�á�, ±Ù�Ä��,
Dè���þ=�u1á�3B��'Ïr�Ø
©¥õk�9 [17,18], 
± KY3F10 �Ä�á�, �
,Dè���þ=�u1á�%é���. �©
± KY3F10 �Ä�á�, �, Yb Ú Ho, h���
lL�L¡¹5JÚMJ, æ^9){Ü¤^u)
ÔIP�a¥/!ü©Ñ!u1�Çp� KY3F10:
Yb, Ho B�¬N, &¢9©)�h���lL�'
~é�¬¬N(�!/m!©Ñ5�K�. 3dÄ
:þ, ±�Z�h���lL'~, ��
 KY3F10:
Yb, RE(RE=Er, Ho, Tm) �¬, ¿± KY3F10: Yb, Er
�¬�~©Û
þ=�u1Ån. ¢�(JL²,
�,ØÓDè��¬Ùu1Ì�ØÓ, |^~51
Æ��, =�¢yõ­F1IP, $��±¢y8
Àuÿ.

2 ¢ �

2.1 KY3F10: Yb, Ho ccc°°°NNN���������

UzÆOþ'¡� 1.5774g ��zk (Y2O3),
0.1182 g � � z Q (Yb2O3), 0.0189 g � � z
} (Ho2O3) Ú 0.1380 g �%�a (K2CO3), òÙ
�u 250 ml �n��´¥. ,�, �n��´¥\
\ 20 ml �nÍ¯� (50%). òn��´�\�(
Å�Wì¥�( 3 min, ¦�AÔ·Üþ!. 2òd
n��´^>9@\9� 80 ◦C, ¿�ev£6, �
��N©�ß²��. ,�, òn��´�§Ýü
� 60 ◦C ?1�u?n, ��/¤ZH®". ��,
òZH®"�\ 60 ◦C >9ð§ZH�¥?1óZ
?n, =� KY3F10: Yb, Ho �nÍp�íc°N.

2.2 999©©©)))������ KY3F10: Yb, Ho BBB���¬¬¬

� A ^ u ) Ô u ÿ ½ ) Ô ¤ � ¤ Ü ¤
� KY3F10: Yb, Ho B�¬, Ø=�¦Ùº��,
þ=�u1�Çp, 
�/m�¥/½a¥/�¨.
�¢�ÀJh���L¡¹5J, �lL�nÍp
�íc°NMJ. h�¥��Ä (COOH-) äk�r
�� Uå, ´áN3B�âf�L¡, aq>�
N��^, ^u��Ü¤� KY3F10: Yb, Ho B�â
f�º�Ú/m. ÏLUCh�Ú�lL�'~,

�	h�é�Ô/mÚâ»�K�.

¢�¥h�!�lL·ÜMJ�oNÈ�½
� 40 ml, �UC�ö�'~. U�½'~¡��
lLÚh�, òÙ©O\\��knÍp�íc
°N�n��´¥, Ï�íüØn��´¥�í,
20 min ��m©��. Ó�^>9@òn��´
\9� 110 ◦C, ð§ 25 min. ,�, ± 10 ◦C/min �
�Çò§Ý,� 300 ◦C, ð§ 60 min ��Ê�\
9 (UY��ÚÏ�í). �§Ýü� 70 ◦C �, Ê�
��ÚÏí, ò�A�=\CkÃY¯U�l%Ù
¥, ± 4000 =/min �=�l% 7 min. ,�, ò�D
Ô^�C�JX, 2^ÃY¯UW*Úl%©lê
g, ò����DÔ�\ý�ZH�¥, 3 70 ◦C e
ZH 12 h, =� KY3F10: Yb, Ho �Ô. æ^þã�
{��
h���lL�'~� 1 : 3, 1 : 1, 3 : 1
�n« KY3F10 : 15%Yb, 2.5%Ho �¬ a, b, c.

3 (J�?Ø

3.1 ¬¬¬NNN(((���©©©ÛÛÛ

ã 1 �h�¹þØÓ�n« KY3F10: 15%Yb,
2.5%Ho �¬ a, b, c � XRD ãÌÚ TEM ì¡.
l XRD ãÌ�±wÑ, n��¬�¸ Ú¸/�
IOk¡ (JCPDS#27-0465) Ä�ÎÜ, Ñ�Xá�
� KY3F10: 15%Yb, 2.5%Ho B�¬N, L²h�
�¹þé�Ô¬.(�Ã²wK�. n�rû�
¸©OéAu (202), (400), (422) ¬¡, Ñy3 2θ

� 27.1742◦, 45.0608◦, 53.3366◦ ?. lã¥·�u
y, �¬�û�¸rÝ�IOk¡�kØÓ, �U
´duh�� �B�¬N�L¡, ³�
,
¬
¡�)�E¤�. �IOk¡�', B�¬N�¤
kû�¸þu)
 £, �U´du Yb3+, Ho3+

�lf�»�u Y3+ �lf�», ��þ� Y3+

� Yb3+, Ho3+ ���, Óâ
Ù¬� �, ¬�ò
¬~�, l
��
þãy��u).

l TEM ì¡wÑ, �Ô�â»�MJ¥h�
�¹þ���'. �h���lL�'~� 1:3 �,
�¬ìày��~î­, ¤�¬N�¬âº��
� 5 nm �m, �h���lL�'~� 1:1 �, �
¬Ñ�k
ìà, ¤�¬N�¬âº��� 13 nm
�m, 
�h���lL�'~� 3:1 �, ¬N�
¬âº�K�� 20 nm �m, âf²w¥ü©ÑG,
z�âf�>��ß��. ���Xh�¹þ�Ø
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äO\, �Ô�¬âº��ØäO�, ¿�, �Ô�
©Ñ5��5�Ð. �â Peng �<JÑ�üNß
Ý��nØ [19,20], �@��)ù«y���Ï´
du�Xh�¹þ�ØäO\, Jp
�AÔ3h

�¥�M)Ý, ��
JpüNßÝ�8�, ��
(¬�Ý\¯, k|u¬N)�. �´�C3¬N
L¡�h�é¬Näk�½�o�^, ¦¬N�)
��ÝØ�uL¯.

� �强
度

� ��� ���	
 � � � 
 �� �� � � � � � � � � � � � � � �� � ��  �� ! � " # $� � % & " ' $ " ( $) � % & ) � % &
ã 1 KY3F10:15% Yb,2.5%Ho �¬� XRD ãÌÚ TEM ì¡ (h�Ú�lL�'~©O� (a) 1/3; (b) 1/1; (c) 3/1)

ã 2 ´n«�¬�þ=�1Ì, �Xh�¹þ
�O\, É1Úù1þ=�u1rÝÑO�, ù´
du�Xh�¹þ�ØäO\, �Ô�¬âØäO
�, âf�(¬Ý�Ð. lâ»!©Ñ5Úu1�
Ç���¡�Ä, �h���lL�'~� 3 : 1
�, ���a¥/ü©ÑB�¬N��Z¢�^
�, �Y��X�¢�ÀJh�Ú�lL�'~þ
� 3 : 1 ?1.� ��� ����� 	 
 � � 
 �� � � 
 �� � � 
 �� � �

� � � � �� � � �� � � �� � � �� � � ��� � � � � � � � � � � �� � �� 
 � � 
 � � 
 �
（ ! 
 ! " # ）$% &

ã 2 KY3F10:15%Yb, 2.5%Ho �¬�þ=�u11Ìã (h�
Ú�lL�'~©O� (a) 1:3; (b) 1:1; (c) 3:1)

3.2 FFFppp���ùùù			111ÌÌÌ (FT-IR) ©©©ÛÛÛ

ã 3 � KY3F10:15%Yb, 2.5%Ho �¬�Fp
�ù	1Ì. dã���¬3 3420 cm−1 NCä
k��°áÂ�, éAu O-H �� �Ä. 2930
Ú 2850 cm−1 ü�áÂ�©OéAu��óþ
æ`Ä (CH2) ��é¡ (υas) Úé¡ (υs) � �

Ä. 1710 cm−1 ?�áÂ�éAuáÄ (-COOH)
¥ (C=O) �� �Ä. 1600 Ú 1460 cm−1 ü�áÂ
�éAu�Nh�þáÄ (-COOH) ��é¡ (υas)
Úé¡ (υs) � �Ä. ÏLéFp�ù	1Ì�©
Û, `²h�©f�Dèlf(Ü�C3B�âf
�L¡, å�
� �^, ¦�¬äkûÐ�©Ñ
5, ¿�/m!¡.

透
射
率

�� � � � � � � � � � � � � � � � �
波数� � 	 
 �

� 
 
� 
� 
� 
� 

 � � � 
 � � � 
� � � 
 � � � 
 � � 
 
� � � 

ã 3 KY3F10:15%Yb, 2.5%Ho �¬� FT-IR 1Ì

3.3 KY3F10:Yb, RE(RE=Er, Ho, Tm) BBB���
¬¬¬þþþ===���uuu111555UUU

�
¦�¬äkØÓu1Ì�, ¢yõ­F
1IP, æ^þã�Ü¤�{Úó²^�, UC
Dè«a, ©O�, Yb, RE(RE=Er, Ho, Tm), ��

�X� KY3F10: Yb, RE(RE=Er, Ho, Tm) �¬.
^ 980 nm ��N-1ì��-u
, ¿§eÿÁ
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�¬�þ=�u11Ì, �X Yb, RE (RE=Er, Ho,
Tm) ¹þ�Cz, ¤k KY3F10: Yb, RE (RE = Er,
Ho, Tm) �¬�u1¥%þvkCz, �´u1r
ÝÑk¤UC. ²`z¤��� KY3F10: 20%Yb,
3.2%Er(�¬ d), KY3F10: 15%Yb, 2.5%Ho(�¬ e)
Ú KY3F10: 13%Yb, 0.4%Tm(�¬ f ) B�âfu
1�r, Ùþ=�u11Ì�ã 4. Ù¥�¬ d

äkr�ÉÚu�� ( u 530 nm!550 nm) Ú
� r � ù Ú u � � (637 nm), © O é A u Er3+

� 2H11/2(4S3/2) → 4I15/2 Ú 4F9/2 → 4I15/2 U
?�[, �¬uÑ�1¤�ÉÚ. �¬ e äk�r
� u 541 nm �ÉÚu��Úf� u 659 nm �
ùÚu��, ©OéAu Ho3+ � 5S2(5F4) → 5I8

Ú 5F5 → 5I8 U?�[, �¬uÑ�1¤ÉÚ. �
¬ e äk�r� u 481 nm �7Úu��Úf
� u 646 nm �ùÚu��, ©OéAu Tm3+

� 1G4 → 3H6 Ú 1G4 → 3F4 U?�[, �¬uÑ
�1¤71. ã 5 �n��¬�ÚIã. �¢�(
JL², �,ØÓDè��uÑØÓôÚ�F1,
�¢yõ­F1IP.

强
度

� ��� ����� 	 
 � � � � � 
 � � � � � � � �
波长� � �� � � � � � � � � � � � � �� � � � � � � �  ! � �" # � $ � % & # ' ( ) *" # � $ � % & # ' ( + ," # � $ � % & # ' ( - ./ � ! � / � 01 �   � � 2 � 3 � 4 1 5 � � �  ! � �/ 6 � 2 / � � 5 � / � 0

ã 4 KY3F10: 20%Yb, 3.2%Er, KY3F10: 15%Yb, 2.5%Ho,
KY3F10: 13%Yb, 0.4%Tm �¬þ=�u11Ì

± KY3F10: Yb, Er B�âf�~, ©ÛB�
â f ¥ � U � 3 � þ = � Å n. ã 6 � Er3+

Ú Yb3+ U?ã, éu Er3+ lfÉ1u��U
?�[ 2H11/2, 4S3/2 → 4I15/2, �U�Ån�:
Yb3+ lfÄkáÂ�� 980 nm �ù	1f, d
Ä� 2F7/2 �[�-u� 2F5/2, ,�?u-u�
� Yb3+ lfÏL��UþD4òÙUþD4�
�C� Er3+ lf, ¦ Er3+ lfdÄ� 4I15/2 �-
u�-u� 4I11/2 U? (ã 6 �), �e5 Er3+ l
f2áÂ,	�� Yb3+ lfD4�Uþd 4I11/2

�[� 4F7/2(ã 6 �); ,�TU?þ�âf²L
õ(fµþL§P~� 2H11/2, 4S3/2 U?, ��
²Ë��[�£�Ä� 4I15/2 U?, �)É1u
�. éu 4F9/2 → 4I15/2 �[�)�ùÚþ=�
u1, ÙÅn�±k±eü«: (�) U�, ���,
4F7/2 U?þ� Er3+ lf²Lõ(fµþ� 4F9/2

U? (ã 6 �), ,�2ddU?²Ë��[�£
�Ä� 4I15/2, �)þ=�ù1u�. (�) ´²L
L§���, 4I11/2 U?þ� Er3+ lfÏLÃË
�µþ� 4I13/2 U? (ã 6 �), 2²L Yb3+ l
f� Er3+ lf��UþD4, �-u� 4F9/2 U
? (ã 6 �), ��Ó (�) ��, �) 4F9/2 → 4I15/2

�[�ùÚþ=�u1. ù1�r��U�Ï
´: 4I11/2-4I13/2 Ú 4S3/2-4F9/2 �UY (∆E) �
� 3000 Ú 2800 cm−1, �âUY½Æ, �UY ∆E

�(fU�'�u4—5��, õ(fµþL§'Ë

0.8

0.6

0.4

0.2

0

0 0.2 0.4 0.6 0.8

Τ

e

Τ

d

Τ

f

ã 5 KY3F10:Yb,RE(RE = Er, Ho, Tm) B�âf�Ú�I

20

15

10

5

0

E
(T
1
0
3
,c

m
-

1
)

Yb3+
Er3+

2F7/2

2F5/2

4F7/2
4H11/2
4S9/2

4F7/2

4I9/2

4I11/2

4I13/2

4I15/2

ET

ET
ET

9
8
0
 n

m

5
3
0
 n

m

5
5
0
 n

m

6
3
7
 n

m①

⑤

② ③

④

ã 6 Er3+ Ú Yb3+ U?{ã93 KY3F10:Yb, Er B�âf¥
�þ=�Å�
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��[L§AÇ�. �âþã©Û, B�âfL¡
�CkNõUþ� 3420, 2930, 2850, 1710 cm−1,
1600 Ú 1460 cm−1 ��ÄUþf, O\
 4I11/2 →
4I13/2 Ú 4S3/2 → 4F9/2 õ(f¶þL§�AÇ,
¦ 4F9/2 U?þ�ÙÛêO\, �ª 4F9/2 → 4I15/2

�[�)ùÚþ=�u1�ÇJp, Ïdù1u�
�r, KY3F10: Yb, Er �¬uÑ�1¤�ÉÚ.

4 ( Ø

� © æ ^ 9 ) { � � 
 ü © Ñ � a ¥
/ KY3F10: Yb, RE(RE =Er, Ho, Tm) B�¬, 3

h���lL�'~ØÓ^�e, ·�þ��

Xá�� KY3F10: Yb, RE(RE =Er, Ho, Tm) B�¬
N. �âù	1Ì©Û, y²
h�©f�Dèl
f(Ü�C3B�¬N�L¡, å�
� �^,
¦�¬äkûÐ�©Ñ5, ¿�/m!¡. �Xh
�¹þ�ØäO\, ¬âº�ØäO�, ©Ñ5�
5�Ð, þ=�u1rÝ�r. 3 980 nm ��N-
1ì-ue, �¬ KY3F10: Yb, RE(RE=Er, Ho, Tm)
©Ou�Ñ�r��É!ÉÚÚ7Ú1, d(Jw
« KY3F10: Yb, RE(RE=Er, Ho, Tm) B�¬N��
)Ô&�3õ­F1IP�¡äk`É�A5.
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Synthesis and characteristic research of nanoparticles
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Abstract

Organic dyes and quantum dots possess the defects: wide emission spectrum and the poor photothermal stability and cytotoxicity,

which restricts their applications in biological studies. Lanthanide-doped upconversion fluorescent materials in which there exists

neither “autofluorescence” nor “light bleaching” phenomenon, has high sensitivity and good long-term stability, which are conducive

to in vivo detection. KY3F10: Yb, RE(RE = Er, Ho, Tm) nanocrystals are synthesized by the thermal decomposition method and oleic

acid as surface coating agent. The effects of the oleic acid content on morphology and particle size are studied. Optimal ratio of oleic

acid to octadecene is 3:1 for the preparation of spherical monodisperse nanocrystals. Strong yellow green, green and blue emissions

from the prepared samples are observed at 980 nm laser excitation. These results show that KY3F10: Yb, RE (RE = Er, Ho, Tm)

nanoparticles as biological probes have excellent features in multiple fluorescent markers.

Keywords: KY3F10: Yb, RE(RE=Er, Ho, Tm) nanocrystals, fluorescence label, upconversion luminescence

PACS: 72.10.Eh, 78.67.Bf, 78.40.−q, 78.67.−n
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