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æ^¯�Xo¯�,zM�{��
ØÓ¬âº��X� BiFeO3 B��â, ¿|^ X ��û�¤!×£>
º!��þfZ�¤Ú Mossbauer ÌXÚïÄ
Ù(�!/m±9^5U. (JL²: BiFeO3 B��âäk²w�
fc^5, ¿¥yr��º��6A5; ù«fc^5Ì�
uB�á��º����A, 
�,��½ Fe2+ ��
3¤�.
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1 Ú ó

õc5á�´�3Ó�«á�¥Ó��3c
>5!^5½c�5��aá�, ù«c>5Ú^
5��¦�ù«á��d>|p��)^�C, Ó
�^|��±puc>4z. õc5á�ù«A
Ï�õUA5, ¦�§3&E�;!�Å+�!°
Åã^&ÿ±9õõU>f��XDaì!�Ä
ì!aAì!=�ì��¡Ñ¹äuÐdå. Ó�,
õc5á�õ«Sëþ (^kSÚc>kS) �Í
Ü3Ä:ÔnïÄ�¡�äk4Ù­��¿Â. Ï

éuõc5á�9ÙA5�ïÄÉ�Æâ.Ú
ó§+��2�'5 [1,2].

�c^Úc>5��� BiFeO3 ���«;.
�õc5á�, duÙäkpu¿§��c^ Néel
§Ý (TN ∼380 ◦C) Úc> Curie §Ý (TC ∼820 ◦C)

k�U¤�¿§^>A^�ÄÀá�, Ï
¤�
î8��ïÄ�õ�õc5á� [3−12]. 3¿§
e, BiFeO3 äk!�Wv¶(�, �m:+� R3c.
3 BiFeO3 (�¥ (Xã 1 ¤« [13]), ÷n­4z
¶ [111] ��ü���lf Bi3+ Ú Fe3+  ��é
u�õ¡N­%u) £, l
��gu4z��
). 
?u��ü� FeO6 �l¡N¥% �NC

� Fe3+ �^Ý÷ [111] ���²1ü�, �¤ G
.�c^S. nØO�w« [14], du�3���^
Úg^ - ;�ÍÜ�^�nÜ�A, ���� Fe3+

�^Ý ln���c^ü�, �)fc^5. �
´, 3¬N BiFeO3 ¥ù«fc^5É����m
±Ï� 62 nm �Ú^g^ü��N� [4], /¤�«
Ú^^S, l
��Ùfc^5���, Ï
3¬
N BiFeO3 ¥Ã{*	�¿§�^>�A.

ã 1 BiFeO3 �¬N(� [13]
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BiFeO3 B�(�duÙ3�mºÝþ�C½
�uÙÚ^^(��±Ï, l
�Uâ»ù�±Ï
(����, ¢y¿§e�c^5Úc>5��.
õ�ïÄ�|3��� BiFeO3 B�(�*	�

fc^5. ,
, éuù«fc^5�ý�5
, 8
c�vk/¤Ú��(Ø: �Ü©�ö@� [6,15],
BiFeO3 ��½��NX3��L§¥´�)�"
�, �"���3¬��NX¥� Fe3+ Ü©=C
� Fe2+, ù�du Fe3+ Ú Fe2+ 3�l¡N¥�Ú
O©Ù¬E¤Û�^z½fc^5; �Ü©�ö@
� [16−18], BiFeO3 B�(��fc^58ÏuB�
á��º����A��z, B�¬â�º���
�AÏ~���c^B�(�Ñyfc^5, ù´
du�á��ºÝ��B�º��, ÙL¡�¤©
3��B�(�¥¤Ó'­O�, duB��c^
N�L¡g^ØUÖ�ÙNSg^, »�
�c^
�î��²1g^ü�, l
�)�{^z; 
,
	��ïÄ�| [19] K�����,ØÓ�(Ø,
@�ù�^55
u^5,� Fe3O4, �öÏL�
�m�p©E X ��û�×£uy��� BiFeO3

B��â¥�3^5,� Fe3O4. ù´Ï� BiFeO3

��´��æ­�, 3 BiFeO3 B�(��p§9
?n¥N´�),� (X Bi2Fe4O9, Bi2O3 ½ Fe3O4

�), Ï
���XÝép� BiFeO3 B��¬�é
�(J.

�©æ^{ü´1�¯�Xo¯� (EDTA) ,
zM�{ [20], 3�$§Ýe (600 ◦C) ¤õ��

X�� BiFeO3 B��â, ¿©Û
ØÓ¬âº�
éuÙ^5U�K�, l
�«
 BiFeO3 B��
â¥fc^5�5
, =B�á��º����A
�z
ù«fc^5.

2 ¢�L§

¡����� Bi(NO3)3·5H2O Ú Fe(NO3)3·9H2O
\\�Ck�lfY�Nì¥, 3 80 ◦C e\9�
�, òÔ�þ 2 �u��í (��' 1:2) � EDTA
\\�þãM�¥, UY\9����/¤©�ß
²�M�NX; ,�, òþãM�3 160 ◦C—200 ◦C
e�u, ²L�X�ÔnzÆL§: Y©�u - /¤
Zv� - Zv�g-, �ª/¤kùÚ�%t®";
òÂ8��®"3ØÓ§Ýe (300 ◦C—800 ◦C) e
9?n���ª¢��¬.

¢�¥, æ^ X ��û�¤ (XRD, Philips X-

celerator Bragg-Brentano diffractometer) © Û � ¬
� � ( �; æ ^ × ¡ > f w � º (SEM, Hitachi
S4800) *	�¬��*/m; æ^��þfZ�
¤ (SQUID, Quantum Design) ©Û�¬�^5U;
æ^ Mossbaure Ì¤ (I� FH1913 .) ©Û Fe
3 BiFeO3 ¬N¥�zÆ�¸.

�©¥, æ^ Scherrer úªO�
 BiFeO3 B
��â�¬âº�:

D = 0.89λ/B cos θ, (1)

ª ¥, D � ¬ â º � � �, λ � X � � � Å
� (0.154 nm), B �û�¸��¸°, θ �û��.
O�L§¥, À� 2θ 3 (20◦, 60◦) �m� XRD û
�¸, æ^û�^� (Datlab) ÏL Gauss-Lorentz [
Ü¸/����û�¸�¸/ëê (û��Ý!r
Ý!�¸°�), �\ Scherrer úªO�ÑØÓû�
¸éA�¬âº���, ��é¤kº�êâ�²
þ��� BiFeO3 B��â�²þ¬âº�. �A
O�Ñ�´, 3A^ Scherrer úª�c, ®²ÏLÿ
Á¬N LaB6 ?�
¤ìÐ°.

3 ¢�(J�?Ø

ã 2 w«
3ØÓ9?n§Ýe (300 ◦C—
600 ◦C) ��� BiFeO3 B�®"� XRD ãÌ. l
ã¥�±wÑ, �²L9?n��©®"Ì�´
d Bi2O3 Ú Fe2O3 B��â�¤�·Ü�. �X
9?n§Ý�,p, BiFeO3 �m©Ñy, ¹þÅÚ
O\, �� 600 ◦C ��Ä�X�� BiFeO3 B�
�â (2θ 3 26◦—28◦ �m�,�34Ù�f�,
�û�¸, éAuM)� Bi2Fe4O9. 
 Bi2Fe4O9

��c^ Néel §Ý (264 K) 3¿§±e, Ï
é
u BiFeO3 B��â�¿§^5Ø�)K�). ·�
é 600 ◦C ����¬� XRD ?1�Iz©Û?
n�uy, û�êâÚ®"û�IOk¡ (JCPDS
card No.86—1518) äkéÐ�ÎÜ, `²·��
�� BiFeO3 B��âäk!�Wv¶(�, �
m:+� R3c. ·�3�$§Ý���XÝ�p
� BiFeO3 B��â, ;�
p§�(����"
�½�õ,���), l
�±�Ð/�« BiFeO3

B��â¥fc^5�5
.

ã 2 ¥��ãw«
 600 ◦C e��� BiFeO3

B��â� SEM ã¡. SEM ã¡w« BiFeO3 B
��â©Ñþ!�äk���¬N/m, ¥y²w
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�á�N	/, �âº��3�½���©Ù.

ã 2 BiFeO3 B��âNX� XRD ãÌ (�ãw« 600 ◦C e
��� BiFeO3 B��â� SEM ì¡)

ã 3 ØÓ9?n§Ýe (600 ◦C—800 ◦C) ��� BiFeO3 B
��âNX� XRD ãÌ

�
ïÄØÓ¬âº�éu BiFeO3 B��
â^5U�K�, &¢ BiFeO3 B��â¥fc^
55
, ·�ÏLò����©®"3ØÓ§Ý
e (600 ◦C—800 ◦C) ?1¯�9?n, l
��

ØÓ¬âº�� BiFeO3 B��âNX. ã 3 w«

ØÓ9?n§Ýe��� BiFeO3 B��âNX
� XRD ãÌ, ã¥�Ù/w«Ñ: ¤kû�­�Ñ
A�*	Ø�,�û�¸��3, `²3ØÓ9?
n§Ýe��
Ä�X�� BiFeO3 B��â. ?
�ÚïÄuy, �X9?n§Ý�,p, û�¸Å
ìC�kb, �¸°ÅìCÄ. ù`²�X9?n
§Ý�,p, ¬âÅì��,BiFeO3 B��â�º
�ÅìO�.

·�æ^ Scherrer úªO�
ØÓ9?n§
Ýe��� BiFeO3 B��â�¬âº�, O�(

Juy9?n§Ý�¬â���m�3±e'
X: 600 ◦C∼ 58 nm ± 5 nm, 650 ◦C∼ 86 nm ± 7 nm,
700 ◦C∼ 133 nm ± 15 nm, 750 ◦C∼ 200 nm ± 23 nm,
800 ◦C∼ 268 nm ± 39 nm.

ã 4 w«
3ØÓÿÁ§Ýe (10 K, 300 K)
ØÓ¬âº� BiFeO3 B��â�^¢£�. Xã
¤«, ²þ¬âº�� 200 nm Ú 268 nm � BiFeO3

�âNX¥yÑÚ BiFeO3 ¬Ná��q�^A
5 (M Ú H �m¤�5'X), `²�¬âº��
u 200 nm �, BiFeO3 �Ú^^(�vk�»�.
Park � [17] 3¬âº�� 245 nm � BiFeO3 �â
NX¥*	�Ó��y�. 
�X¬âº��?�
Ú~�, BiFeO3 B��â�^�AÅÚO\ (�Ú
^zrÝ MS Ú�{^zrÝ MR Ó�O\), `
² BiFeO3 �Ú^^(��Ü©/³�½»�. A
O´�²þ¬âº��u 58 nm �, ù«^�A¯
�O\. ù�²w�A��NÑ: BiFeO3 B��â
NX�fc^55
uB�¬â�º����A.
¯¤±�, �c^N�±½Â�: ���c^ü�
dü�g^æ¬�|¤, z�æ¬�S´c^5Í
Ü, ü�æ¬��mdug^�²1ü�
�¤�
c^ÍÜ. Neel[21−23] @�, �c^��¬âNX�
fc^5
uü«æ¬��g^Ø��Ö�, ù«
g^Ø��Ö�==¬3�c^á���¬âN
X¥�±*	�, 3ù«�c^��¬âNX¥�
§kS��c^S~~¬3¬â�L¡�»�. Ï
�3�¬âNX¥, �X¬âº��~�, ¬â�
L¡�NÈ'C�é�, ù�3L¡�¼��þØ
U��Ö��g^, L¡�LyÑc^51�, l

�z
���c^�¬âNX��N^Ý, Ly
Ñfc^5.

Richardson � [24] �ïÄw«, 3º����
A��^5Or��c^��âNX¥, �Ú^
zrÝ MS ÚÙ¬â�� D ��ê¤�5'X:
Ms ∝ 1/D. ã 5 w«
 BiFeO3 B��âNX��
Ú^zrÝ MS ÚÙ¬â�� D �m�'X­�,
Xã¤«, l 133 nm � 58 nm, BiFeO3 B��â�
�Ú^zrÝ�Ù¬â����ê¥y�5'X,
ù?�Úy¢ BiFeO3 B��â�^5�±{ü
^ Neel JÑ��.5)º, =B�¬âº����
A��Ùfc^5��). Ó�, 3 10 K Ú 300 K
e, BiFeO3 B��â��Ú^zrÝ MS vk��
�O, l
üØ
^5,���3.
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ã 4 (a) 10 K e BiFeO3 B��âNX�^¢£�; (b) 300 K e BiFeO3 B��âNX�^¢£�

ã 5 BiFeO3 B��âNX��Ú^zrÝ (MS) Ú¬âº�
��ê (1/D) �m�'X­�

ã 6 BiFeO3 B��â (86 nm) � Mossbauer Ìã

Xc¤ã, �"���3¬�� Fe2+ ��
), Fe2+ Ú Fe3+ �mÏL�x����^�U�
z BiFeO3 B�(��f^5. Mossbauer Ìéu Fe

��3¬N¥�zÆ�¸��¯a, §U�ß/�
NÑ Fe2+ Ú Fe3+ �m��O. Blaauw � [25] �
ïÄ(Jw«: ¬N BiFeO3 �¿§ Mossbauer Ì
¥y8�¸�^áÂÌ, ù�Ì�A�éAu?
3 BiFeO3 ¬�¥�pg^ Fe3+ �^kSG�. ¦
�3 Néel :±e¬N BiFeO3 �¿§ Mossbauer Ì
ã¥*	�Ì��)�þ!°z, Ó�Ì��¸
/´Øé¡�, ¦�òù�y���Ï8(� Fe
3ù«äkÚ^N��^(��¬N¥äkü«
Ø���¬NÆ �, = Fe3+ 3 BiFeO3 ¬N¥?
3ü«ØÓ�¬N�¸, ùÒE¤ü� �éA
ü�ØÓ��°[| (Hhf ). �©æ^ Mossbauer
Ì¤©Û
 Fe 3 BiFeO3 ¬â¥�zÆ�¸. X
ã 6 ¤«, BiFeO3 B��â� Mossbauer Ì�´d
ü@Ì�U\
¤: o4Ì (V¸) Ú^áÂÌ (8
�¸). ¯¤±�, o4Ì (V¸) éAu��âN
X��^^5, =3 BiFeO3 B��âXÚ¥éA
u�âº�©Ù¥����â; 
^áÂÌ (8�
¸) KéAu?3 BiFeO3 ¬�¥ Fe3+ �^kSG
�. BiFeO3 B��âXÚ�^áÂÌ (8�¸) �
Øþ!°zÚ¸/�Øé¡5, ÑÚ Blaauw ��
��¬N BiFeO3 � Mossbauer Ì�A���. Ó
�, ·�æ^���¦{[Ü Mossbauer Ì, ��

�°[ëê: Ó�ÉU£ (δ), o43� (∆EQ), �
°[| (Hhf ), XL 1 ¤«. ù
ëê²(/w«Ñ
3 BiFeO3 B��âXÚ¥c��Ì�± Fe3+ �
/ª�3. ù�(J?�Úy¢
 BiFeO3 B��
âNX�fc^5Ì�5
uB�¬â�º��
��A.
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L 1 BiFeO3 B��â (86 nm) � Mossbauer Ì��°[ëê

�¬ Ó�ÉU£ δ/mm·s−1 o43� ∆EQ/mm/·s−1 �°[| Hhf /kOe

±0.01 ±0.02 ±0.1

0.37 0.56

BiFeO3 B��â 0.33 0.88

(86 nm) 0.38 –0.08 488.2

0.39 0.32 499.8

BiFeO3 ¬N [25] 0.39 –0.10 493

0.38 0.34 499

5: BiFeO3 B��â��°[ëê¥, cü1éAu Mossbauer Ì�¥V¸�ëê

4 ( Ø

�©æ^¯�Xo¯�,zM�{¤õ��

ØÓ¬âº�� BiFeO3 B��â, ¿|^ XRD,
SEM, SQUID Ú Mossbauer Ì X Ú ï Ä 
 Ù (
�!/m±9^5U. XRD (JL², ¤k��
� BiFeO3 B��âþ¥yX��!�Wv¶(�,
�m:+� R3c; SEM ì¡w« BiFeO3 B��â
vk²w�ìày�, ¿äk5K��*/m; ^
5UïÄw«, BiFeO3 B��âäkr��º�

�6^A5, =�X¬âº��~�, ^�AO\,
¿�Ù�Ú^zrÝ�¬âº���ê¤�5'
X; Mossbauer Ì�w«, 3 BiFeO3 B��âXÚ
¥c��Ì�± Fe3+ �/ª�3. ±þ(JL²:
BiFeO3 B��âNX�fc^5Ì�5
uB�
�â�º����A.

AOa�=²�ÆÔn�Æ�EâÆ�Å���Ç3

�¬� Mossbauer Ì©Û�?Ø�¡Jø�kÃ�Ï.
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Study on the size-dependent magnetic properties of
multiferroic BiFeO3 nanoparticles∗
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Abstract

The pure phase BiFeO3 nanoparticles with different sizes are prepared by an ethylenediaminetetraacetic acid complexing sol-gel

process. The structure, the morphology and the magnetic properties of BiFeO3 nanoparticles are characterized by X-ray diffractometry,

scanning electron microscopy, superconducting quantum interference device magnetometer and Mossbauer spectra analysis. The results

show that the BiFeO3 nanoparticle possesses an weak ferromagnetism at room temperature with a strongly size-dependent property.

It reflects that the weak ferromagnetism present in the BiFeO3 nanoparticle should be attributed to the grain size-confinement effect,

rather than the existence of the magnetic impurity or Fe2+.

Keywords: BiFeO3, nanoparticles, magnetic properties, size-confinement effects
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